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 CURRENT
OPINION Editorial introductions

Current Opinion in Rheumatology was launched in 1989. It is one of a successful series of review journals whose
unique format is designed to provide a systematic and critical assessment of the literature as presented in the many
primary journals. The field of Rheumatology is divided into 15 sections that are reviewed once a year. Each section
is assigned a Section Editor, a leading authority in the area, who identifies the most important topics at that time.
Here we are pleased to introduce the Journal’s Section Editors for this issue.
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Dr Tsokos holds a MERIT Award from the
National Institutes of Health and has received sev-
eral prestigious awards including the Kirkland, How-
ley, Evelyn Hess awards and the Distinguished Basic
Investigator Award from the American College of
Rheumatology, the Lupus Insight Award, the Carol
Nachman International Prize in Rheumatology and
 Copyright © 2019 Wolters Kluwer H
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the Marian Ropes Physician Achievement Award. Dr
Tsokos’ laboratory has opened and led the field of
molecular abnormalities on immune cells in
patients with SLE and identified previously
unknown pathways which have served as the basis
for novel treatments which are currently in various
phases of development.
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 CURRENT
OPINION The vitamin D and calcium controversy: an update

Joshua R. Lewisa,b,c, Marc Sima,b, and Robin M. Dalyd

Purpose of review
Calcium and vitamin D supplementation is widely recommended for prevention of falls and fracture,
particularly in the elderly where calcium intakes and vitamin D levels are often inadequate. A number of
meta-analyses have questioned the benefits of untargeted or ‘holistic’ supplementation for falls and fracture,
and raised the possibility of adverse cardiovascular effects. This review provides an update on these
controversies.

Recent findings
Recent advances have largely centred around new trials of vitamin D and meta-analyses of published trials
and observational studies. These articles have identified holistic vitamin D supplementation with or without
calcium is unlikely to be an effective primary prevention strategy for falls or fracture. There has also been
high-quality evidence that vitamin D, daily or as a bolus, does not reduce the risk of cardiovascular events.

Summary
The benefits of vitamin D and calcium supplements for holistic fall and fracture prevention remain uncertain.
Recent evidence supports the concept that high-dose vitamin D has adverse musculoskeletal effects. Future
studies should focus on moderate daily doses. Finally, there remain inconsistent findings for adverse
cardiovascular effects of calcium supplements with or without vitamin D. This uncertainty should be taken
into account when evaluating the risk/benefits of supplementation.

Keywords
calcium supplements, cardiovascular, falls, fracture, vitamin D supplementation

INTRODUCTION

Before discussing the controversies surrounding cal-
cium and vitamin D supplementation and recent
updates, it is important to establish the context within
which the controversies lie. In older adults, vitamin D
deficiency is common because of reduced cholecalcif-
erol synthesis in the skin after sun exposure and
general lifestyle changes. Similarly, intestinal calcium
absorption reduces after 70 years and occur concur-
rently with nutritional changes. This calcium malab-
sorption can be exacerbated by severe vitamin D
deficiency. Food-derived calcium is the optimal source
toachieve the recommended dietary intake [1], but for
those with low dietary intakes, calcium supplements
are often provided together with vitamin D.

Over the past 30 years, there have been rapid
advances in the evaluation and care of people with
or at risk for osteoporosis and fragility fractures, as
well as sarcopenia and an increased fall propensity.
Frontline treatments to reduce fracture risk, such as
bisphosphonates and newer monoclonal antibody
treatments are effective at increasing bone mineral
density (BMD) and reducing fractures. The use
of calcium supplements with vitamin D (CaD) is
also considered integral in the prevention and

management of osteoporosis and fractures, with
vitamin D promoted for the prevention of falls,
particularly in the elderly with lower circulating
25-hydroxvitamin D [25(OH)D] levels. However,
in recent years, there has been considerable contro-
versy over whether CaD supplements are well toler-
ated and effective for reducing the risk of
osteoporosis, falls and fracture. In this review, we
provide an update of the state and strength of the
evidence for the potential musculoskeletal benefits
and harms of vitamin D with and without calcium
supplements, and discuss the current controversy
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KEY POINTS

� Bolus and daily high-dose vitamin D supplementation
are ineffective at reducing the risk of falls, fracture or
cardiovascular events.

� Vitamin D supplements provided at moderate daily
doses (1000–2000 IU/day) are likely to reduce falls in
individuals who are 25(OH)D insufficient or deficient.

� Widespread supplementation with calcium and vitamin
D may not be an effective population-based approach
for primary prevention of fractures.

� Future research should focus on the musculoskeletal
benefits of calcium and vitamin D in individuals who
are 25(OH)D insufficient or deficient or have an
indication of musculoskeletal disease, such
as osteoporosis.

� It remains uncertain whether calcium supplements with
or without vitamin D increase the risk of myocardial
infarction and this uncertainty should be taken into
consideration when discussing risk/benefits.

Epidemiology and health-related services
regarding the cardiovascular safety of these
supplements.
EFFECTS OF VITAMIN D ON MUSCLE
FUNCTION AND FALLS

Ageing is associated with reduced expression and
activity of vitamin D receptors (VDR) commonly
found in bone, muscle and central nervous system
[2]. In vitamin D deficient (or insufficient) individu-
als, this can result in a concurrent reduction in VDR
activation in muscle cells, leading to impaired bal-
ance, neuromuscular coordination and function and
an increased risk for falls, frailty and disability [3

&&

].
In recent years, there have been numerous sys-

tematic reviews with different conclusions on the
effects of vitamin D supplementation on muscle
function and/or falls. These inconsistencies are
likely because of differing trial inclusion/exclusion
criteria, vitamin D dosage regimens, and baseline
and change in serum 25OHD levels [4,5

&

]. In 2015, a
systematic review by the United States Preventive
Services Task Force (USPSTF) highlighted a 16%
reduction in falls risk with vitamin D treatment
[6]. Despite uncertainties, professional societies
and public health organizations continue to pro-
mote vitamin D to prevent falls.

A number of epidemiological studies examining
the relationship between serum 25(OH)D status and
falls risk have reported a ‘J- or U-shaped’ association,
suggesting that low and high 25(OH)D levels may
increase fall risk. A previous meta-analysis [7] dem-
onstrated that daily vitamin D doses of 800–1000 IU
 Copyright © 2019 Wolters Kluwer H
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had beneficial effects on physical function includ-
ing timed-up-and-go (SMD �0.19 95% CI �0.35 to
�0.02) and balance/sway (SMD�0.20 95% CI�0.39
to �0.01); which is similar to the findings of more
recent work [8

&

]. The greatest benefits of vitamin D
supplements on muscle function appear to occur in
25(OH)D-deficient persons (<37–45 nmol/l) [3

&&

],
diminishing as 25(OH)D levels rise. Considering
the importance of functional measures in falls pre-
vention, the integration of exercise programs (e.g.
resistance and balance training) to enhance the
efficacy of vitamin D supplements to prevent falls
should not be overlooked [9

&

].
Currently, both exercise and vitamin D are rec-

ommended for fall prevention in older adults. Uusi-
Rasi et al. [10] conducted a 2�2 factorial design
RCTs of 409 home-dwelling women aged 70–80
years who were randomized to either exercise with
and without vitamin D (800 IU/day) or a control
group. After 2 years, neither vitamin D nor exercise
alone reduced falls, but exercise and vitamin D
combined and individually halved the rate of medi-
cally attended injurious falls after a further 2 years of
follow-up [11

&

]. However, as all groups presented
with adequate baseline 25(OH)D levels (mean
>65 nmol/l), results may not be generalized. Specif-
ically, results may have differed if moderate doses
(1000–2000 IU/day) were used in-conjunction with
exercise for 25(OH)D-deficient persons.

A recent review reported that high-dose oral
vitamin D supplementation (500 000 IU annually
or 60 000 IU monthly) increases falls risk [3

&&

]. Albeit
a slightly different dosing strategy, these findings
were confirmed in a 12-month RCT in 25(OH)D-
deficient women with a history of falling (n¼237,
mean age 66 years, <50 nmol/l). Individuals pre-
scribed high doses (4000, 4800 IU/day) had
increased falls rate (69 vs. 30%) compared with
women supplemented with medium doses (1600,
2400, 3200 IU/day), whereas women on low doses
(400, 800 IU/day) had no change in the rate of falls
[12

&&

]. Although this ‘U-shaped’ relationship is an
important consideration for vitamin D supplemen-
tation to reduce falls risk, further research is needed
to understand the potential mechanism(s) underly-
ing the increased falls risk with intermittent, high-
dose vitamin D. To date, no strong biological mech-
anism has been identified, but it has been speculated
that high-dose vitamin D may trigger an acute pro-
tective reaction whereby the enzyme 25-hydroxyvi-
tamin D-24-hydroxylase (CYP24) that catabolizes
1,25-hydroxyvitamin D [1,25(OH)D] is upregulated,
leading to decreased blood and tissue levels of
1,25(OH)D [13]. Lower 1,25(OH)D concentrations
may decrease the calcium availability to muscle
cells, which could negatively influence muscle cell
ealth, Inc. All rights reserved.
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contraction [14]. However, there is no consistent
evidence that 1,25(OH)D levels are adversely
affected with high-dose vitamin D. It has also been
proposed that increased vitamin D levels may
improve well being and that may lead to increased
physical activity, and thus greater exposure to fall
risk [15], but this did not explain the findings in a
recent high-dose trial [16].

Although the updated 2018 USPSTF stated ‘vita-
min D supplementation has no benefit in falls pre-
vention in community-dwelling older adults not
known to have vitamin D deficiency or insuffi-
ciency’ [17

&&

], the potential benefits of vitamin D
supplementation for falls prevention should not be
dismissed for deficient or insufficient persons.
Hopefully, well designed RCTs currently underway,
such as STURDY, DO-HEALTH, VITAL, FIND and D-
Health may address these issues.
CALCIUM AND VITAMIN D FOR BONE
HEALTH AND FRACTURE PREVENTION

Globally, most dietary and clinical practice guide-
lines for osteoporosis recommend a total daily cal-
cium intake of 1000–1300 mg (depending on age
and sex) through dietary sources (or supplements if
this cannot be achieved), and daily vitamin D sup-
plementation with 400–2000 IU, depending on
basal serum 25(OH)D status, in those who receive
less than optimal sun exposure [18

&

,19–21]. Despite
these recommendations, meta-analyses of RCTs
have not reached consistent conclusions with regard
to whether supplementation with calcium, vitamin
D or the combination can reduce fracture risk, or if
an optimal dose of CaD exists [22].

Several meta-analyses of RCTs have reported posi-
tive, albeit modest (1–3%), effects of calcium or CaD
supplementation on BMD in postmenopausal women
and older men [22–24], but a number have failed to
demonstrate any beneficial effects of vitamin D sup-
plementation alone [25

&

]. This is likely because of the
inclusion of bolus vitamin D and healthy adults with
adequate serum 25(OH)D concentrations. Although
there is ongoing debate as to the optimal serum
25(OH)D level, secondary analysis of two vitamin D
supplementation trials (100000 IU monthly and 400
or 1000 IU daily) in postmenopausal women over 12–
24 months found baseline serum 25(OH)D concentra-
tion of 30 nmol/l was the threshold for a beneficial
effect of vitamin D supplements on BMD [26

&&

,27
&&

].
Clinically, these findings are important because they
addsupport to thenotion thatvitamin Dis a threshold
nutrient, and no additional health benefits are likely
once levels are sufficient [28

&

].
Given high-dose vitamin D supplementation

has been associated with an increased risk of falls
 Copyright © 2019 Wolters Kluwe
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and fracture [3
&&

], further work is needed to deter-
mine whether there is a safe upper boundary for
serum 25(OH)D for musculoskeletal health. In the 3-
year double-blind Calgary Vitamin D RCT in 311
healthy men and women aged 55–70 years with
adequate basal 25(OH)D levels, it was reported that
higher daily doses of vitamin D (10 000 IU) led to
significantly greater losses in HR-pQCT bone density
at the radius and tibia compared with 400 or 4000 IU
[29

&&

]. Achieved serum 25(OH)D concentration after
3 months in the 10 000 IU group was 188 nmol/l,
compared with 115 and 76 nmol/l in the 4000 and
400 IU groups, respectively. This level far exceeds
most current clinical guidelines (50–75 nmol/l) for
the maintenance of musculoskeletal health.

In recent years, several meta-analyses have ques-
tioned whether there is sufficient evidence to sup-
port recommendations that CaD should be
prescribed for the primary prevention of fracture.
The 2018 meta-analysis by the USPSTF including 11
RCTs conducted over 2–7 years in 51 419 adults
(>50 years) found vitamin D supplementation with
or without calcium was not associated with a
reduced incidence of fracture in community-dwell-
ing, asymptomatic adults [30

&&

]. Although the task-
force acknowledged the narrow scope of their
review, a more comprehensive meta-analysis of 33
RCTs involving 51 145 community-dwelling adults
(>50 years) also found that supplementation with
calcium, vitamin D or the combination compared
with placebo or no treatment was not associated
with a reduced incidence of hip, nonvertebral, ver-
tebral or total fractures [31

&

]. Importantly, these
results remained unchanged after subgroup analysis
that considered the dose of calcium or vitamin D,
sex, fracture history, calcium intake or baseline
25(OH)D levels. However, there are a number of
limitations with this study: people living in institu-
tions who are more likely to have low calcium and/
or vitamin D levels were excluded; one-third of the
trials were 12 months or less limiting the ability to
demonstrate an antifracture effect; adherence to the
supplements was not considered, and 8 of the 12
trials included bolus doses of vitamin D for which
safety concerns have been raised [32

&

].
It is important to recognize that the above find-

ings do not apply to vulnerable populations with
osteoporosis or a history of fractures, low dietary
calcium, vitamin D deficiency or those living in
institutions for which there is evidence for an anti-
fracture effect of CaD [33,34]. In addition, for people
with osteoporosis treated with medications, CaD
supplementation is recommended as most of these
agents were licenced in the context of having replete
calcium and vitamin D [18

&

]. However, few studies
have examined the efficacy of antiosteoporotic
r Health, Inc. All rights reserved.
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medications administered with CaD compared with
osteoporosis treatment alone. Early work found that
patients with a serum 25(OH)D level greater than
75 nmol/l experienced greater increases in BMD in
response to bisphosphonate therapy [35,36]. A
recent 4-year study of denosumab therapy in 43
Japanese patients with primary osteoporosis also
found that treatment with additional calcium
(610 mg/day) and vitamin D (400 IU) led to signifi-
cantly greater gains in lumbar spine BMD after
48 months (14.6 vs. 10.1%) compared with deno-
sumab alone [37

&

]. Whether this translates into a
greater reduction in fractures requires further inves-
tigation [38]. However, it is important to note that
antiresorptive agents in older vitamin D-deficient
persons can induce hypocalcaemia, which can be
prevented with vitamin D [38].

In summary, a growing body of evidence indi-
cates that routine supplementation with calcium
and vitamin D is not an effective population-based
health approach for primary prevention of fracture.
However, for groups at increased risk of fracture and
those with inadequate calcium and vitamin D it is
still advisable to recommend a total daily calcium
intake of 1000–1300 mg/day with vitamin D to
achieve a serum 25(OH)D concentration of at least
50–60 nmol/l year round.
CALCIUM, VITAMIN D AND
CARDIOVASCULAR RISK

Within the last decade, there has been great interest
in the potential cardiovascular benefits of vitamin
D. The well known adverse effects from calcium
 Copyright © 2019 Wolters Kluwer H

Table 1. Summary of adverse event reporting for two double-blin

Ascertainment method for the
cardiovascular events

Risk of bias or
confounding

Bolland et al., 2008 [46]

SR þþþ
SR-verified þþ
Verified and hospital record þ

Lewis et al., 2012 [39] and Lewis et al.,
2015 [44]

SR þþþ
Verified þþ
Verified and linked hospital discharge
records

þ

Combined

SR þþþ
SR-verified þþ
Verified and hospital record þ

CI, confidence interval; RR, relative risk; SR, self-reported.
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monotherapy are gastrointestinal complaints [39]
and renal stones from CaD [40]. Potential adverse
cardiovascular effects of calcium supplements with
or without vitamin D have emerged from two meta-
analyses [41,42] with the most consistent findings
for myocardial infarction. However, uncertainty
over these findings remains [43] as there are incon-
sistent findings across trials, none of the included
trials had primary cardiovascular outcomes or
reported a statistically significant imbalance of par-
ticipants with events between groups, there was a
reliance on self-reported cardiovascular events with-
out adjudication in many of the included trials
[39,44], and there is currently a lack of a plausible
biological mechanism [45].

The first report of potential cardiovascular effects
of calcium supplements was a follow-up of a 5-year
New Zealand RCT of 1471 postmenopausal women
provided either 1 g of elemental calcium citrate daily
or placebo [46]. Women randomized to calcium sup-
plements had greater than twice the risk of self-
reported and verified self-reported myocardial infarc-
tion (MI). However, when MIs were identified inde-
pendent of self-report (hospital registry) the risk
markedly decreased to 1.49 (P¼0.16). Differences
between the self-reported data and the verified events
combined with hospital registry data were due pri-
marily to an excess of misreported MIs in calcium
supplemented women (Table 1). In two double-blind
placebo controlled RCTs of calcium supplements,
there was a 2.4-fold excess of misreported MI in
calcium-supplemented women, possibly because of
misclassified gastrointestinal events, which are a
common symptom of MI in older women [39].
ealth, Inc. All rights reserved.

d placebo controlled trials of calcium supplements

Calcium
events (%)

Placebo
events (%)

RR (95% CI),
P value

n¼732 n¼739

31 (4.2) 14 (1.9) 2.24 (1.20–4.17), P¼0.010

21 (2.9) 10 (1.4) 2.12 (1.01–4.47), P¼0.047

31 (4.2) 21 (2.8) 1.49 (0.86–2.57), P¼0.16

n¼730 n¼730

21 (2.9) 17 (2.3) 1.24 (0.66–2.32), P¼0.512

14 (1.9) 14 (1.9) 1.00 (0.48–2.08), P¼1.00

20 (2.7) 20 (2.7) 1.00 (0.54–1.84), P¼1.00

n¼1462 n¼1469

52 (3.6) 31 (2.1) 1.67 (1.07–2.61), P¼0.024

35 (2.4) 24 (1.6) 1.45 (0.86–2.44), P¼0.166

51 (3.5) 41 (2.8) 1.25 (0.83–1.88), P¼0.283
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The New Zealand group then undertook a meta-
analysis of six RCTs of calcium supplements that
captured and ascertained cardiovascular events in a
variety of ways including self-report, hospital record
or death certificate. This meta-analysis [41] found
calcium supplements increased the relative risk (RR)
for MI by 1.27 (1.01–1.59), P¼0.038. A second
meta-analysis [42] of three placebo-controlled trials
of calcium supplements with vitamin D and limiting
the Women’s Health Initiative (WHI) to those not
taking personal supplements and excluding the
silent MIs (6% of all MIs in WHI) detected using
serial electrocardiograms, reported a RR of 1.21
(1.01–1.44), P¼0.04. In 2015, we contacted trial
authors and undertook a meta-analysis [44] of cal-
cium supplements with or without vitamin D in
women restricted to adjudicated coronary heart dis-
ease events, including MI. We did not observe any
significant increases in MI risk for women supple-
mented with calcium [five trials, n¼6333, RR 1.37
(0.98–1.92), P¼0.07], CaD [5 trials, n¼45 796 RR
1.03 (0.91–1.16), P¼0.65], or CaD excluding WHI
participants taking personal supplements [five trials,
n¼24 816 RR 1.07 (0.90–1.26), P¼0.45]. Whilst
these findings are largely reassuring, a nonsignifi-
cant signal still existed for calcium monotherapy
with MI. As such, calcium supplements with vita-
min D should be encouraged given the superior
evidence for their safety profile. It remains unclear
whether these are true differences between calcium
monotherapy and CaD, reflect fewer gastrointesti-
nal complaints leading to misreported MIs in trials
of CaD, or simply that the overall number of par-
ticipants in CaD trials are larger with better adjudi-
cation of cardiovascular disease (CVD) adverse
events.

Observational evidence from studies investigat-
ing the association between calcium with or without
vitamin D have been conflicting. Recently, Harvey
et al. [47

&&

] undertook the largest epidemiological
study to date in the UKBiobank cohort of 475 255
men and women aged 40–69 years. There was no
association between calcium supplements with or
without vitamin D and coronary heart disease or MI.
Similarly, in a prospective cohort of 30 239 older
men and women [48

&

] there was no association
between calcium supplements and CVD deaths after
adjusting for CVD risk factors. In contrast, a new-
user nested case–control study [49

&

] of 2690 patients
with a first episode of nonfatal ischemic stroke and
19 538 controls found no association with stroke risk
in calcium supplementation users but a doubling in
risk in those taking at least 1000 mg/day of calcium
monotherapy. These observational results, particu-
larly the UKBiobank are mostly reassuring but pro-
vide lower quality of evidence than RCTs.
 Copyright © 2019 Wolters Kluwe
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Manson et al. [50
&&

] undertook a 2�2 factorial
double-blind, placebo-controlled trial (2000 IU of
vitamin D3 and/or 1 g marine n-3 fatty acids daily)
where 25 871 participants were followed for a
median of 5.3 years. There were no effects of vitamin
D on the primary endpoints of cancer [hazard ratio
0.96; 95% confidence interval (CI), 0.88–1.06;
P¼0.47] and major CVD events (hazard ratio
0.97; 95% CI 0.85–1.12; P¼0.69). Notably there
were also no effects on secondary endpoints includ-
ing MIs, stroke, hypercalcemia and deaths from
cardiovascular causes. Similarly, an RCT of a single
200 000 IU bolus then monthly doses of 100 000 IU
of oral vitamin D3, or placebo in 5847 older men and
women followed for a median of 3.3 years found no
effects on incident CVD and death or any secondary
cardiovascular outcomes including MI and stroke
[51

&&

]. These large RCTs confirm Mendelian ran-
domization studies and meta-analyses of trials of
vitamin D suggesting little to no discernible benefits
for CVD risk.

Although most people consider RCTs to elimi-
nate the risk of confounding, this is not always the
case. Manson et al. [52] reported evidence of post-
randomization confounding in the WHI Hormone
Therapy Trials. Specifically, the prevalence of statin
use at 6 years was 5–8% higher in the placebo groups
compared with hormone therapy groups, presum-
ably because of the placebo group’s higher low-
density lipoprotein cholesterol (LDL-C). The
authors assumed statins reduce the heart disease
and stroke risk by 25% and estimated accounting
for postrandomization confounding would have
reduced the relative hazards in the hormone therapy
group by 5%. Schnatz et al. [53

&&

] reported on a
subgroup of 1521 women (6% subsample) of the
WHI that participated in both the hormone therapy
and CaD groups with blood samples at baseline, 1, 3,
and 6 years. The authors found women randomized
to CaD and hormone therapy had the greatest
reduction in LDL-C suggesting an additive rather
than synergistic effect with hormone therapy. These
findings raise the possibility that CaD may also have
influenced statin prescribing, potentially leading to
overestimates of the already modest risk observed
for MI in the WHI.

In conclusion, methodological issues of previ-
ous trials, indications of confounding and bias, and
results from meta-analyses being either null or of
borderline statistical significance have left uncer-
tainty as to whether calcium supplements increase
MI risk. Given the nature of the trial designs, these
substantive issues cannot be remedied by further
meta-analyses or sub-analyses. As such, evaluations
of the risk and benefits of calcium supplements
should acknowledge this uncertainty.
r Health, Inc. All rights reserved.
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CONCLUSION

Recent evidence further supports the concept that
bolus and daily high-dose vitamin D supplementa-
tion have adverse musculoskeletal effects. Vitamin
D supplements provided at moderate daily doses
(1000–2000 IU/day) are likely to reduce falls in indi-
viduals who are 25(OH)D insufficient or deficient
but are unlikely to be an effective population-based
primary prevention strategy for falls or fractures. It
remains uncertain whether calcium supplements
with or without vitamin D increase the risk of
myocardial infarction.
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 CURRENT
OPINION Quality improvement initiatives in rheumatology:

an integrative review of the last 5 years

Lucy H. Liu, Sonam Choden, and Jinoos Yazdany

Purpose of review
We reviewed recent quality improvement initiatives in the field of rheumatology to identify common
strategies and themes leading to measurable change.

Recent findings
Efforts to improve quality of care in rheumatology have accelerated in the last 5 years. Most studies in this
area have focused on interventions to improve process measures such as increasing the collection of patient-
reported outcomes and vaccination rates, but some studies have examined interventions to improve health
outcomes. Increasingly, researchers are studying electronic health record (EHR)-based interventions, such as
standardized templates, flowsheets, best practice alerts and order sets. EHR-based interventions were most
successful when reinforced with provider education, reminders and performance feedback. Most studies also
redesigned workflows, distributing tasks among clinical staff. Given the common challenges and solutions
facing rheumatology clinics under new value-based payment models, there are important opportunities to
accelerate quality improvement by building on the successful efforts to date. Structured quality improvement
models such as the learning collaborative may help to disseminate successful initiatives across practices.

Summary
Review of recent quality improvement initiatives in rheumatology demonstrated common solutions,
particularly involving leveraging health IT and workflow redesign.

Keywords
learning collaborative, process improvement, quality improvement, quality measure

INTRODUCTION

The publication of the Institute of Medicine’s report
Crossing the Quality Chasm: A New Health System
for the 21st Century in 2001 shed light on the widen-
inggapbetween idealandactualpractice inAmerican
medicine [1]. The report highlighted the need to
restructure the healthcare system to provide higher
quality, safer care. On the basis of the IOM’s recom-
mendations, there has been increasing attention on
incorporating quality improvement into medical
practice. Systems-based practice is now an integral
part of medical training, as mandated by the Accredi-
tation Council for Graduate Medical Education, the
American Board of Internal Medicine and the Ameri-
can Board of Medical Specialties. Quality measures
are also increasingly tied to payment models as
evident by Merit-Based Incentive Payment System
(MIPS) and Advanced Alternative Payment Models.

The increasing focus on quality improvement is
especially timely in the field of rheumatology as we
face critical workforce shortages and unequal geo-
graphic coverage, making it more important than
ever to coordinate care, improve communication

and develop innovative models to increase rheuma-
tology’s reach [2]. Given escalating medical costs in
the United States and limited resources for quality
improvement, efforts should be concentrated on
evidence-based interventions. To our knowledge,
there has not been a comprehensive review to exam-
ine the effectiveness of quality improvement inter-
ventions in rheumatology.

To fill this gap, we summarize recent quality
improvement efforts in rheumatology from 2013
to 2018, identifying effective interventions to
improve performance on quality measures and
disseminate best practices. We also discuss the chal-
lenges facing currentquality improvement initiatives
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KEY POINTS

� Quality improvement should be an integral part of any
rheumatology practice.

� Common targets for quality improvement in
rheumatology include improving vaccination rates,
collection of patient-reported outcomes, cardiovascular
risk assessments, contraception counseling and use,
disease monitoring and baseline screening prior to
administering high-risk medications.

� Successful quality improvement initiatives integrate EHR-
based tools with clinic workflow modifications.

� The learning collaborative is a new model that has
potential to spread successful quality improvement
initiatives across rheumatology practices nationally.

Quality improvement initiatives in rheumatology Liu et al.
and develop an agenda for improving rheumatologic
care moving forward.
METHODS

We performed a literature search using Pubmed,
EMBASE and Web of Science databases from 2013
to 2018 using search terms listed in the Appendix.
We identified a total of 264 unique entries, which
were reviewed independently by two reviewers (LHL
and SC), with any discrepancy resolved after discus-
sion. Studies were included if the selected quality
measure and the quality improvement interven-
tions were clearly described. Quality improvement
performed in pediatric rheumatology practices was
also included. We excluded review articles, position
statements and studies that did not have clear inter-
ventions described or were done in primary care or
orthopedic clinics. A total of 28 studies were
included and summarized in Tables 1 and 2.
SELECTED QUALITY MEASURES IN
RHEUMATOLOGY

In Donabedian’s Model of Quality, measures can be
categorized as structural, process or outcome mea-
sures [3]. Structural measures quantify the resources
of a practice setting, such as the number of rheuma-
tologists in a clinic. Process measures describe
whether patients have received recommended care.
The majority of quality measures in rheumatology
are process measures, such as measuring rheumatoid
arthritis (RA) disease activity using a standardized
instrument, screening for infections like tuberculosis
prior to biologic drug initiation, or the prescription of
particular pharmacotherapies [4]. Outcome measures
have been more challenging to develop, although
work is underway to develop such measures for RA
[5]. Intermediate outcome measures, such as treating
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
individuals with gout to a target serum urate level, are
currently in use [6]. Patient activation, defined as
patient’s engagement in their own health, is also
becoming a crucial focus of quality improvement
as healthcare systems become more patient-centered.

Among the 28 studies examined in our review,
the majority selected a process measure as their
primary target. About a third describe interventions
to increase the collection of standardized outcome
measures in RA patients, including disease activity
(Simple Disease Activity Index, Clinical Disease
Activity Index, Routine Assessment of Patient Index
Data 3, Disease Activity Score and Patient Activity
Scale) and functional status (versions of the Health
Assessment Questionnaire and Patient-Reported
Outcome Measurement System) [7–12,13

&&

,14,15].
Given that many individuals seen in rheumatology
practice require immunosuppression, process mea-
sures targeting infection prevention strategies, such
as immunization forpneumococcaldisease,havealso
been amajorareaof interest [14,16,17

&

,18–21].Other
interventions have targeted contraception counsel-
ing [22,23], routine screening for cardiovascular risk
factors in rheumatology patients [24–26], disease
monitoring [20,27,28], routine laboratory screening
prior to administration of high-risk medications
[29,30], prescription of calcium and vitamin D in
patients on chronic glucocorticoid [31], and patient
activation [32,33] (Tables 1 and 2).

Very few studies examined actual impact on
patient outcomes. Of the 28 studies, only three
assessed both process and outcome measures. Sheth
et al.’s [17

&

] study used physician education and
electronic best practice alerts (BPAs) to increase the
rate of herpes zoster vaccination. This combination
of interventions increased vaccination from 10 to
52%, and demonstrated a decrease in herpes zoster
infection rate: the intended patient outcome. Simi-
larly, Sadun et al.’s [22] study went beyond measuring
contraception counseling and documentation,
taking the step to measure unintended pregnancy.

The most notable quality improvement initiative
focusing on outcome measures is Pediatric Rheuma-
tology Care and Outcomes Improvement Network’s
(PR-COIN’s) effort to increase disease remission in
juvenile idiopathic arthritis. Through engagement
with stakeholders and multiple iterations of change,
PR-COIN developed a Population Management Tool
to identify high-risk patients in the patient registry as
well as streamlining previsit planning. As a result,
participating sites were able to increase the percent-
age of patients in clinical remission from 37.2 to
48.4% [12]. Although the improvement percentages
are less drastic compared to more focused quality
measures such as vaccination rate, the study is novel
in improving a meaningful disease outcome.
r Health, Inc. All rights reserved.
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Notably, missing from almost all studies is the
demonstration that quality improvement interven-
tions can lead to cost-effective care, a key aspect of
quality improvement effort in other fields. Newman
et al.’s study on the use of Rheum-PACER, an elec-
tronic health record (EHR) tool displaying aggregated
patient data, is the only study that evaluated cost
[33]. They were able to show that Rheum-PACER
increased physician productivity as measured by
relative value units. While cost-effectiveness is not
required for a quality improvement initiative to be
considered successful, quantifying cost can help gar-
ner more support for quality improvement from an
administrative leadership and health policy perspec-
tive. Quality improvement measures in other special-
ties such as hospital medicine [34], primary care [35]
and postoperative care [36] have shown impressive
increases in cost-effectiveness, and it will be impor-
tant for rheumatology to consider and develop meth-
ods to evaluate such endpoints in the future.

COMMON QUALITY IMPROVEMENT
INTERVENTIONS

Although the quality measures examined varied
between studies, common themes emerged from
the evaluated interventions. All studies included phy-
sician and staff education, but education was always
integrated with changes to practical processes,
including clinical workflow. The strategies used in
these multimodal initiatives corroborate the results of
a systematic review demonstrating that continuing
medical education alone resulted in only a modest
change in physician practice, especially for more
complex behavior changes [37]. Only one of the
studies we reviewed implemented provider education

and verbal reminders without other major changes to
clinical workflow [27], resulting in relatively limited
quality improvement gains. Across studies, the most
common workflow intervention was optimizing the
EHR to facilitate rheumatology chronic care. Only
two studies implementedpatient-focusedtools aimed
at improving patient activation. The interventions
were implemented throughout the entire course of a
patient encounter, as summarized in Figure 1.

Documentation capacity within the electronic
health record

A structured data field is a data element in an EHR
that is implemented to accept simple data formatted
in a standardized way. These data can then be more
easily retrieved for data analysis [38]. One example is
a structured data field documenting Clinical Disease
Activity Index that only accepts numerical inputs
between 0 and 76. Two of the studies built similar
data fields in the form of an EHR flowsheet, which
documented and displayed trends in disease activity
measures over time [11,20]. Implementing struc-
tured data fields was critical in allowing rapid data
collection and analysis in these studies.

When building a structured data field is not
possible, studies have used EHR templates to help
standardize documentation. EHR templates can serve
as a reminder to physicians to document critical data
during their patient encounter. In our review, two
studies used standardized EHR template to increase
RAPID3 documentation in more than 90% of RA
visits [9,10]. Other subspecialties have shown that
standardized EHR templates can improve adherence
to evidence-based guidelines and improve quality of
care [39–41]. EHR templates are also easier to modify

Infrastructural and
Technological
Interventions

Organizational
Interventions

Learning Collaborative

Vaccine Stocking EHR Best-Practice Alerts (6 implementations)

EHR Order Sets (2)
EHR Decision Support

Online Patient Tools
Rheum-PACER Analytics

Performance Feedback (4)Chart-based Reminders (3)
Intake via Medical Assistants

Team Task Delegation
Medical Assistant 
   -Pended Orders

Physician Education (8)

Active Patient Outreach
Patient Reminder Emails
Questionnaire Review
Vaccination History Review

Pre-visit Check-in Encounter Post-visitPatient Journey

FIGURE 1. Quality improvement (QI) interventions targeting different stages of patient encounter. This diagram depicts
QI interventions in relations to a patient encounter, and the number of studies that employed these interventions. Infrastructural
and technological interventions are resource-intensive, whereas organizational interventions require redistribution of existing
resources. A learning collaborative may include QI interventions at all stages of a patient encounter.
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compared to built-in structured data fields, making it
possible to adapt rapidly to new guidelines.
Best practice alerts

Electronic BPAs canbe especiallyhelpful as reminders
for infrequent actions, such as pneumococcal vacci-
nation, which only needs to be administered once or
twice in a patient’s lifetime. Sheth et al.’s [17

&

] study
on improving herpes zoster vaccination used BPAs
thoughtfully, preemptively disabling the alert if a
patient discusses vaccination with the medical assis-
tants and receives it prior to seeing the physician.
This strategy reduces alert fatigue, where frequent
alerts lead to desensitization and eventually com-
plete disregard for the alert.
Order sets

Order sets bundle appropriate care and streamline
repetitive tasks, demonstrably improving adherence
to best practices in rheumatology. Hayward et al.
used this approach to increase pregnancy screening
prior to cyclophosphamide administration. By bun-
dling cyclophosphamide and urine pregnancy test,
Hayward et al. [29] achieved 100% screening rate.
Order sets can also facilitate the ordering of appro-
priate laboratories and vaccinations [18,24], or
encourage prescription of related medications, such
as the prescription of calcium and vitamin D for
patients on long-term glucocorticoids [31].
Integration of electronic health record-based
tools in clinic workflow

Although EHR-based tools can seem like a quick fix
for teams with access to technical resources, they may
not be sufficient to change practice patterns. The
most successful quality improvement interventions
make significant modifications to the broader clinic
workflow in addition to EHR-based tools. By having
medical assistantshelp screenandpend ordersduring
the intake process, tasks are more likely to be com-
pleted and improvement efforts are more likely to be
sustained [19]. If clinic workflow is fundamentally
problematic, even a well-designed, comprehensive
EHR-based decision support tool may not lead to
significant improvements [26].
Patient-focused interventions

Gossec et al. designed an interactive website allowing
RA patients to monitor their disease activity, but only
had small improvement in patient-physician inter-
action [32]. Similarly, Rheum-PACER helps patients
track display disease activity over time, but did not
increase patient activation [33]. Increasing patient
 Copyright © 2019 Wolters Kluwe
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participation in the design of patient-focused tools
may be helpful in improving patient activation.
NATIONAL EFFORTS TO MEASURE AND
IMPROVE QUALITY

The Medicare Access and CHIP Reauthorization Act
(MACRA) of 2015 signals Medicare’s transition from
fee-for-service to a pay-for-performance model.
Under MACRA, the MIPS provides incentive pay-
ments for physicians who provide high-quality care.
The submission of quality data can be done through
an EHR or a Qualified Clinical Data Registry (QCDR);
QCDRs are national registries approved by the Cen-
ters for Medicare and Medicaid Services to collect,
analyze and report quality measures for MIPS physi-
cians [42]. QCDRs not only measure quality on a
national basis, but also provide performance feed-
back for individual physicians or practices. The fre-
quent measurement of quality metrics can be a
challenging part of a quality improvement initiative,
especially if there are no local resources dedicated to
data extraction, but QCDRs can help support quality
improvement initiatives by streamlining the data
collection process.

The Rheumatology Informatics System for Effec-
tiveness (RISE) Registry is a QCDR that passively
extracts and uploads patient data to a centralized
database, where it is aggregated and analyzed [43].
Participating practices can access a dashboard dis-
playing performance on MIPS quality measures
[44], which can then be used to assess the effects of
the quality improvement initiative. Thoughtful
application of RISE data may eliminate the need
for chart review, EHR query generation and data
analysis, accelerating quality improvement cycles
with more rapid feedback. In fact, practices using
RISE to report measures to the MIPS program all
met MACRA’s ‘Exceptional Performance’ threshold
[45]. In Sweden, the national healthcare quality reg-
istry is becoming an integral part of local quality
improvement initiatives [46

&

]. The Danish national
registry for rheumatologic diseases, DANBIO, initi-
ated a national quality improvement effort by pro-
viding alerts to rheumatologists for RA patients with
high disease activity, prompting them to intensify
disease treatment [47]. When used appropriately,
national healthcare quality registries can powerfully
inform local quality improvement efforts.
NOVEL APPROACH TO QUALITY
IMPROVEMENT: LEARNING
COLLABORATIVE

The learning collaborative is a new quality improve-
ment model developed specifically to accelerate
r Health, Inc. All rights reserved.
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quality improvement efforts and disseminate best
practices. On the basis of the Institute for Healthcare
Improvement’s Breakthrough Series, the learning
collaborative encourages separate organizations to
work closely together under the guidance of faculty
experts to develop shared solutions to quality
improvement issues [48]. Learning collaboratives
in other subspecialties have successfully reduced
the rate of C-sections and hospital-acquired infec-
tions, improved postoperative outcomes and care of
chronic diseases, among other important healthcare
outcomes [49].

Pediatric rheumatology has had extensive expe-
rience with the learning collaborative model through
PR-COIN. Established in 2011, PR-COIN uniquely
brings together a network of stakeholders, including
pediatric rheumatologists, nurses, physical therapists
and parent representatives across multiple institu-
tions to improve care in pediatric patients with juve-
nile idiopathic arthritis. Through extensive, iterative
collaboration, PR-COIN develops and implements
new assessment tools and treatment algorithms
involving previsit planning, population manage-
ment, self-management, shared decision making
and patient/parent engagement. For example, the
Barrier Assessment Tool was developed to assess med-
ication adherence [50

&&

]. A centralized patient regis-
try allows rapid feedback of quality measure
performance for each site [51]. This organization
illustrates the advantages of a learning collaborative
model, where collective efforts can have more far-
reaching impact than individual initiatives.

Solomon et al.’s [13
&&

,52] TRACTION study
(Treat-to-target in RA: Collaboration To Improve
adOption and adhereNce) was the first to apply
the learning collaborative model to adult rheuma-
tology. The primary endpoint in the study was a
composite score that included the components of
treat-to-target (TTT): the documentation of RA dis-
ease activity, disease activity goal, applying disease
activity to treatment decision and shared decision
making. Study sites underwent quarterly structured
learning sessions and monthly webinars, where they
learned improvement strategies from faculty experts
and other successful sites. Solomon et al. were able to
demonstrate an impressive 46% increase in TTT
documentation in a 9-month period. Although
TRACTION was not designed to be a sustained effort,
it demonstrated that a learning collaborative model
can be an effective strategy in adult rheumatology
for dissemination of best practices.
FUTURE DIRECTIONS

Data collection in quality improvement studies con-
tinues to be challenging, especially for unstructured
 Copyright © 2019 Wolters Kluwer H
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and complex data. Although structured data fields
can be built for individual quality measures, this
often increases healthcare team’s documentation
burden. Advanced technologies already in use in
the tech industry such as natural language process-
ing (NLP) offer promise in their ability to extract
clinical data from narrative notes [53,54], possibly
amplifying the scale and potential of EHR-based
quality measurement. However, rheumatologists
will need to share knowledge and increase collabo-
ration with computer scientists and the tech indus-
try in order for technologies like NLP to undergo
adequate development for clinical use.
CONCLUSION

We found a growing literature on quality improve-
ment initiatives in rheumatology over the last 5
years. Although most initiatives addressed process
measures, several studies sought to demonstrate
improvement in patient outcomes. Quality
improvement interventions are increasingly imple-
menting EHR-based tools, but those that were most
successful coupled EHR modifications with clinical
workflow redesign and interprofessional team
engagement. Despite institutional differences in
resources, systems and culture, our review found
that common solutions have been developed for
the same quality problems. Dissemination of these
solutions to rheumatology practices remains a chal-
lenge, although new quality improvement models
such as the learning collaborative have had signifi-
cant success in allowing teams to share common
solutions and to improve quality. Building on the
success of learning collaboratives such as PR-COIN
and TRACTION, development of a learning collab-
orative in adult rheumatology is underway. Future
work should engage rheumatologists in collective
quality improvement initiatives using models such
as the learning collaborative, and carefully study the
impact of participation on patient outcomes.
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Appendix

Search strings used in each database are listed below.
Pubmed
(rheumatology OR rheumatic OR rheumatoid OR

lupus OR arthritis OR gout OR osteoporosis OR osteope-
nia) AND (quality improvement OR patient safety) AND
(electronic health record OR electronic medical record OR
text mining OR natural language processing OR collab-
orat�)

Embase
(rheumatology OR rheumatic OR rheumatoid OR

lupus OR arthritis OR gout) AND (quality improvement
OR patient safety) AND (electronic health record OR
electronic medical record OR text mining OR natural
language processing OR collaborat�)

Web of Science
((rheumatology OR rheumatic OR rheumatoid OR

lupus OR gout OR arthritis) AND quality improvement
AND (electronic health record OR electronic medical
record OR text mining OR natural language processing
OR collaborat�))
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 CURRENT
OPINION Measuring outcomes in ankylosing spondylitis:

pearls and pitfalls

Marina Magreya and Christopher Ritchlinb

Purpose of review
Patients with ankylosing spondylitis (AS) warrant a comprehensive clinical assessment because of the lack
of biomarkers of disease activity, prognosis and response to biologic therapy. Multiple AS-related
questionnaires have been developed to assess the disease status accurately, but feasibility remains a problem
in clinical practice. The purpose of this review is to assess the pearls and pitfalls of AS-related outcome
measures.

Recent findings
Single-item questionnaires to measure pain, stiffness and fatigue in patients with AS are easily
administrable but may lack a sufficient degree of responsiveness on an individual patient level. The Bath
Ankylosing Disease Activity Index remains the gold standard for assessing disease activity in a routine
practice, despite poor correlation with C-reactive protein (CRP) levels and MRI inflammation. The
Ankylosing Spondylitis Disease Activity Score, a validated and highly discriminatory tool for assessing
disease activity in AS, has been developed but lacks feasibility as erythrocytic sedimentation rate and CRP
values are often not available during a clinic visit. RAPID-3 appears feasible to assess patients with AS
quantitatively over time in busy clinical settings.

Summary
The assessment of disease status in AS is complex and is impacted by multiple factors. The biggest
challenge in AS is to incorporate the disease-specific indices into a routine practice.

Video abstract
http://links.lww.com/COR/A42.

Keywords
ankylosing spondylitis, axial spondyloarthritis, disease activity, disease status, outcome measures

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic, inflamma-
tory arthritis that is strongly associated with HLA-
B27 and predominantly involves the axial skeleton
[1]. The hallmark of the disease is subligamentous
new bone formation resulting in ankylosis of the
sacroiliac joints and the vertebrae. Lack of biomark-
ers for assessing disease activity, prognosis and
response to biologic therapy in AS warrants a com-
prehensive clinical assessment of these patients.
Various disease-specific questionnaires have been
developed to facilitate an accurate assessment of
the disease status in patients with AS [2]. Patient-
reported outcomes (PROs) are pivotal in the assess-
ment of global health, pain, stiffness, physical func-
tion and quality of life in AS [3]. Continuous
measures of change are generally used in clinical
trials but daily clinical practice measures that are
easily derivable are preferred. The purpose of this

review is to highlight the relevance and pitfalls of
AS-related outcome measures used in daily clinical
practice and clinical trials (Tables 1 and 2).

ASSESSMENT OF PAIN, STIFFNESS AND
FATIGUE

Patients with AS suffer from spinal pain, stiffness,
impaired mobility, decreased function and fatigue.

aCase Western Reserve University School of Medicine, Metrohealth
Medical Center, Cleveland, Ohio and bAllergy, Immunology Division,
Center for Musculoskeletal Research, University of Rochester Medical
Center, Rochester, New York, USA

Correspondence to Dr Marina Magrey, CaseWestern Reserve University
School of Medicine, Metrohealth Medical Center, Cleveland, OH 44109,
USA. Tel: +1 216 778 7800; e-mail: mmagrey@metrohealth.org

Curr Opin Rheumatol 2019, 31:109–117

DOI:10.1097/BOR.0000000000000588

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights reserved. www.co-rheumatology.com

REVIEW

http://links.lww.com/COR/A42
mailto:mmagrey@metrohealth.org


KEY POINTS

� Multiple AS-related outcome measures are available for
research and clinical practice.

� The Bath Ankylosing Disease Activity Index remains the
gold standard for assessing disease activity in a routine
practice, despite poor correlation with CRP levels and
MRI inflammation.

� The newer assessment tools like ASDAS and ASAS-HI
have been created, allowing for better understand-
ing of the disease status but feasibility remains
an issue.

� Using simple and valid questionnaires like RAPID three
for assessing disease status in AS may be
more practical.

Epidemiology and health-related services
Both patients and physicians prefer using single
measures like visual analog scale (VAS) or a
numerical rating scale (NRS) to measure the degree
of spinal pain both at night and during the day.
However, low reproducibility in single-item ques-
tionnaires may lack a sufficient degree of respon-
siveness on an individual patient level [4].

Morning stiffness in the spine is usually assessed
for both aspects, duration and severity. The scores
for both pain and morning stiffness (either on NRS
or on VAS) range from 0 (none) to 10 (very severe). It
is imperative to differentiate between inflammatory
and mechanical causes of pain and stiffness as that
impacts the treatment options.

Fatigue is a major problem in patients with AS
and impacts the quality of life. It is usually
assessed using item 1 of the disease-specific ques-
tionnaire, the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI). Fatigue can also be
assessed using the more complex scale, the Func-
tional Assessment of Chronic Illness Therapy-
Fatigue (FACIT – Fatigue), which is a 13-item
composite score that measures the broader con-
cept of fatigue including vitality, physical func-
tion, role function, social function and clinical
severity. FACIT-Fatigue has shown to have good reli-
ability (exceeding 0.80) and validity in a sample of
patients with AS [5].

To better understand the patients’ perspective of
their disease, the patient global assessment of dis-
ease activity is usually assessed by recording the
response to the question, ‘How active was your
arthritis in the last week?’ on NRS or on a VAS with
the score ranging from 0 (not active) to 10 (very
active) [6]. A discordance is seen between the patient
response and the physician perspective in about a
quarter of patients [7].
 Copyright © 2019 Wolters Kluwer H
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ASSESSMENT OF DISEASE ACTIVITY IN
ANKYLOSING SPONDYLITIS

The assessment of disease activity in AS is complex
and is impacted by multiple factors. Moreover, the
perspective of disease impact at times varies between
the patients and physicians making the assessment
even more complicated.
Bath Ankylosing Spondylitis Disease Activity
Index

Traditionally, disease activity in patients with AS has
been measured using a PRO measure, the BASDAI
[8]. The questionnaire assesses the patient-reported
severity of fatigue, spinal pain, peripheral joint pain,
localized tenderness, quantity and duration of
morning stiffness using a 0–10 NRS or 10-cm VAS
with symptoms ranging from ‘none’ to ‘very severe’.
The final BASDAI score is calculated by the sum of
questions 1–4 and mean of questions 5 and 6, the
total then divided by 5. The score ranges from 0 (no
disease activity) to 10 (very active disease). A score of
4 or more is suggestive of high disease activity
warranting a change in therapy plan but this cutoff
level does not have a firm justification [9,10].

The BASDAI has been successfully used, not only
in clinical practice but has also been a gold
standard for measuring disease activity in clinical
trials because of its ease in administration, interpre-
tation and a quick turnaround in results usually 0.5–
2 min. The minimum clinically important improve-
ment for BASDAI in patients with active disease
(BASDAI> 4) has been identified to be 1.1 [11]
and a change of at least 50% is also considered a
meaningful improvement.

An important drawback of the BASDAI is that it
is entirely patient driven, many of the six items in
the BASDAI are redundant (measuring the same
construct) and are also not weighted [12]. Moreover,
BASDAI scores have been shown to not correlate
well with clinical measurements of disease activity
and/or MRI scores [13].
Ankylosing spondylitis disease activity score

To include the objective measures of inflammation
while calculating disease activity in AS, The Assess-
ment of Spondyloarthritis Study Group (ASAS), a
group of international experts in SpA, developed
and endorsed a highly discriminatory and validated
instrument for assessing disease activity in AS, the
Ankylosing Spondylitis Disease Activity Score
(ASDAS) [14,15]. The score includes patient-
reported assessments of back pain (BASDAI question
2), duration of morning stiffness (BASDAI question
6), peripheral joint pain and/or swelling (BASDAI
ealth, Inc. All rights reserved.
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Table 1. Bath Ankylosing Spondylitis Disease Activity Index, Ankylosing Spondylitis Disease Activity Score, Bath Ankylosing

Spondylitis Functional Index, Health Assessment Questionnaire for the Spondyloarthropathies HAQ-S, Dougados Functional

Index, The Bath Ankylosing Spondylitis Metrology Index, The ASAS Health Index and Ankylosing Spondylitis Quality of Life

Questionnaire

Outcome
measures Pearls Pitfalls

BASDAI Gold standard for measuring disease activity
Quick turnaround in results usually 0.5–2 min
Score of � 4 warrants a change in therapy
MCII in patients with score �4 is 1.1
Change of � 50% is a meaningful improvement

Entirely patient-driven
Many of the six items are redundant and not weighted
Does not correlate well with clinical measurements of

disease activity or MRI scores

ASDAS ASAS endorsed disease activity score
Performs better than BASDAI and makers of

inflammation in assessing disease activity
Incorporates ESR or CRP in the measurement
Discriminates better between high and low disease

activity state
Correlates well with MRI scores
Change of � 1.1 units for ‘clinically important

improvement’
Change of �2.0 units for ‘major improvement’.
Cutoff selected for ‘clinically important worsening
� 0.9 points’

Can be calculated using an online calculator or an
ASAS ASDAS App

Difficult to incorporate in daily clinical practice as the
ESR and CRP values are frequently unavailable at the

time of the visit
Needs psychometric assessment in daily clinical

practice
When the conventional CRP level is below the limit of

detection or when the hsCRP level is <2 mg/l, a
constant value of 2 mg/l should be used to calculate
the ASDAS-CRP score

ASDAS score is calculated using a complicated
equation and the formula has to be readily available

BASFI Reliable, valid and feasible instrument to measure
physical function

Takes less than 3 min to calculate
MCI has been reported as 7 mm or 17.5% with a

sensitivity of 0.60 and specificity of 0.85
Available in 18 languages

Questionnaire may not be sufficiently sensitive to
detect subtle changes in functioning in patients
without severe impairments

HAQ-S Focuses on two dimensions of health stats-physical
disability and pain

Identifies specific aids or devices utilized for assistance
HAQ-S is sensitive to change both in early disease as

well as in advanced disease
A good predictor of future disability and costs
Good face validity and correlated well with original

HAQ-DI (Spearman’s correlation coefficient 0.96)

Used mainly for research purposes and not in clinical
practice because of respondent burden

Longer than other disease-specific measures of physical
functioning and does not perform significantly better
than the alternatives

DFI Addresses various activities of daily living and easy to
calculate

Considerably longer than BASFI questionnaire so not
feasible for clinical practice

BASMI A valid measure of axial mobility with a good
interobserver reliability

Significant correlation has been shown in some studies
between BASMI scores and spinal radiographic
damage suggesting the BASMI score may be the best
predictor of the absence of radiographic damage

Needs a trained provider to perform the measurements
Takes about 10 min to perform and may not be

feasible in routine practice
Does not measure thoracic mobility
Cannot distinguish between the physical limitations

caused by acute inflammation versus chronic damage

ASASHI Linear composite index with 17 items, which cover
most aspects of the quality of life not measured by
other outcome measures

Validity has been confirmed in a recent international
A score of 5.0 has been identified as differentiating

from ‘good/very good’ health versus ‘moderate’
health state

A score of 12 0 or above differentiates HI for
‘moderate’ versus ‘poor/very poor’’
The ASAS HI evaluates different categories of

functioning that are independent of the subjective
experiences of the patient

Mainly developed for research
Feasibility for clinical practice is to be determined

Outcome measures in ankylosing spondylitis Magrey and Ritchlin
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Table 1 (Continued )

Outcome
measures Pearls Pitfalls

ASQoL Useful indicator of overall health status
Captures physical, mental health and quality of life
Instrument has good reliability, sensitivity and

responsiveness to change
ASQOL correlates moderately well with other AS-

specific health outcome measures

Minimum clinically important difference (MCID) is
lacking for ASQOL, but patient
acceptable symptom state has been calculated at 8.0

CRP, C-reactive protein; ESR, erythrocytic sedimentation rate; MCII, minimum clinically important improvement.

Epidemiology and health-related services
question 3), general well being and either the eryth-
rocytic sedimentation rate (ESR) (ASDAS-ESR) or the
C-reactive protein (CRP) (ASDAS-CRP) in a weighted
manner. The ASDAS can be calculated using an
online calculator or an ASAS ASDAS App.

The development and validation of ASDAS were
based on conventional CRP values; however, when
the conventional CRP level is below the limit of
detection or when the hs-CRP level is less than
2 mg/l, the constant value of 2 mg/l should be used
to calculate the ASDAS-CRP score [16]. Using CRP to
calculate ASDAS raised a concern that AS patients
with high BMI may have falsely elevated scores.
However, ASDAS has not been shown to be affected
by BMI in axial spondyloarthritis (axSpA) [17].

Recently, the nomenclature of ASDAS was
updated by ASAS and following cutoffs have been
selected as shown in Fig. 1: ASDAS less than 1.3 to
define inactive disease; ASDAS greater or equal to 1.3
and less than 2.1 to definemilddiseaseactivity;ASDAS
greater or equal to 2.1 and less than or equal to 3.5 to
 Copyright © 2019 Wolters Kluwer H

Table 2. Psychometric information of various outcome measures

Reliability Validity

BASDAI Excellent (Cronbach’s
a¼ 0.84–0.87)

Correlated
(PCC¼0

ASDAS Highly reliable Correlated
(PCC¼0

BASFI Excellent (Cronbach’s
a¼0.936)

Did not cor
(r¼0.33

HAQ-S Excellent (PCC¼0.92) Correlated
(r¼0.96

DFI Reliability us high between
two independent observers

Moderate c
(r¼0.64

BASMI Good Correlates
radiogra
(Spearme

ASQol Excellent (Cronbach’s
a¼0.89–0.92)

Correlated
(r¼0.72

ASAS HI High (Cronbach’s a of 0.93 High correl

MCI, minimal clinical improvement; PCC, Pearson correlation coefficient; PRDA, pat
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define high disease activity; and ASDAS greater than
3.5 to define very high disease activity [18,19

&&

].
The cutoffs selected for improvements were:

change of at least 1.1 units for ‘clinically important
improvement’ and change of at least 2.0 units for
‘major improvement’. On the basis of data-driven
ASAS consensus process, the cutoff selected for ‘clin-
ically important worsening’ in axSpA is an increase
in ASDAS of at least 0.9 points [20

&&

]. ASDAS inactive
disease has been found to be independent of struc-
tural damage so more patients achieved the inactive
disease state in the ASDAS cutoffs validation study
[18], as patients with the chronic deforming disease
were also easily able to achieve the score.

ASDAS has been found to perform better than
BASDAI and acute-phase reactants in assessing dis-
ease activity; discriminates better between high and
low disease activity status and correlates well with
changes in MRI inflammation scores [21,22]. How-
ever, incorporating the use of ASDAS in daily clinical
practice has been found to be difficult as the ESR and
ealth, Inc. All rights reserved.

in ankylosing spondylitis

Sensitivity/responsiveness to
change

well with ASQOL
.79)

MCI¼10 mm with sensitivity of
0.65 and specificity of 0.82

well with PGA
.74)

MCI¼1.1

relate well with PRDA
)

MCI¼7 mm with sensitivity of
0.60 and specificity of 0.85

with original HAQ-DI
)

Effect size was moderate 0.20

orrelation with HAQS
)

Effect size was moderate 0.30

better with
phic changes
n’s P¼0.6)

Varies between different versions
of BASMI

well with BASFI
–00.75)

MCI is –2: sensitivity¼40% and
specificity of 84%

ation with BASFI: 0.71 Responsiveness was large for TNF
inhibitors¼�0.85

ient-reported disease activity.
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FIGURE 1. ASDAS cutoff and improvement value.

Outcome measures in ankylosing spondylitis Magrey and Ritchlin
CRP values are frequently not available at the time of
the visit.
ASSESSMENT OF PHYSICAL FUNCTION

Bath Ankylosing Spondylitis Functional Index

Physical function in patients with AS is an outcome
that is impacted not only by the structural damage,
but also by disease activity and ability to cope with
the disease [23,24]. To define and monitor physical
function in patients with AS, a self-reported index
using visual analog score has been developed and
named as the Bath Ankylosing Spondylitis Func-
tional Index (BASFI) [25]. It contains eight items
pertaining to everyday tasks (bending, reaching,
changing position, standing, turning and climbing
steps), and two items assessing the patients’ ability
to cope with everyday life. Each item is scored
between 0 (no functional impairment) and 10 (max-
imal impairment). The mean of the individual
scores is calculated to give the overall index score.

The instrument is a reliable, valid and feasible
measure of physical function in patients with AS and
takes less than 3 min to calculate. However, the
median score of the BASFI has been reported as
2.0 with clustering at the lower end of the scale,
the questionnaire may not be sufficiently sensitive
to detect subtle changes in functioning in patients
without severe impairments.

Dougados Functional Index

It measures the functional capacity of a person by
assessing various activities of daily living but is
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
considerably longer than BASFI questionnaire so
not feasible for clinical practice [26].
Health Assessment Questionnaire for the
Spondyloarthropathies

The Stanford Health Assessment Questionnaire Dis-
ability Index (HAQ-DI) focuses on two dimensions
of health status, physical disability (eight categories)
and pain. The eight categories evaluate dressing and
grooming, arising, eating, walking, hygiene, reach-
ing, gripping and errands and chores. The HAQ-DI
was modified in 1990 for SpA (HAQ-S), incorporat-
ing an additional five specific questions pertaining
to impairment in physical function specific to
patients with AS [27]. These five items include neck
function and static posture (driving a car, using a
rear-vision mirror, carrying heavy groceries, sitting
for long periods and working at a desk).

HAQ-S is sensitive to change both in early dis-
ease as well as in advanced disease and is a good
predictor of future disability and costs. It has good
face validity and correlated well with original HAQ-
DI (Spearman’s correlation coefficient 0.96) [28,29],
is routinely used for research purposes in axSpA but
not in daily practice.
ASSESSMENT OF SPINAL MOBILITY

The Bath Ankylosing Spondylitis Metrology
Index

To assess the spinal mobility (cervical, dorsal, lumbar
and hips) and changes in the mobility in patients
with AS, a metrology index has been developed, the
r Health, Inc. All rights reserved.
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Epidemiology and health-related services
Bath Ankylosing Spondylitis Metrology Index
(BASMI) [30,31]. Five clinical measures that were
found to be most reliable and clinically useful to
reflect the axial status included: tragus-to-wall dis-
tance, cervical rotation, modified Schober’s test, lat-
eral spinal flexion and intermalleolar distance.

The BASMI has demonstrated a good interob-
server reliability; however, the BASMI cannot dis-
tinguish physical limitations as a consequence of
acute inflammation from those caused by chronic
disease damage. Significant correlation has been
shown in some studies between BASMI scores and
spinal radiographic damage, particularly with lateral
spine flexion being the best predictor of the pres-
ence of radiographic damage (r¼ –0.74, P<0.05),
suggesting the BASMI score may be the best predic-
tor of the absence of radiographic damage (r¼0.76,
P<0.05) [32]. However, BASMI cannot replace the
radiographic evaluation of the patient.
ASSESSMENT OF HEALTH STATUS AND
QUALITY OF LIFE

Quality of life refers to people’s emotional, social and
physical well being, and their ability to function in
the ordinary everyday tasks of living. Disability
related to AS causes a considerable impact on work
and employment [33,34

&

]. The various validated
questionnaires to assess the quality of life in AS are
as follows.
Ankylosing Spondylitis Quality of Life
Questionnaire

Ankylosing Spondylitis Quality of Life Questionnaire
(ASQol) is an18-item questionnaire which is themost
widely used instrument to assess the quality of life in
clinical trials [35–37]. The 18 items being addressed
are the impact of the disease on sleep, mood, moti-
vation, coping, activities of daily living, indepen-
dence, relationships and social life. Each statement
on the ASQoL is given a score of ‘1’ indicating a poor
response or ‘0’ indicating no impairment. The items
can be summed up to give a total score ranging from 0
to 18 – with a lower score reflecting a higher HRQoL.
The instrument has good reliability, sensitivity and
responsiveness to change, and the construct validity
with BASFI¼0.72 [37].
The ASAS Health Index

In order to adequately assess global functioning,
including limitations in social activities of patients
with established AS, ASAS has developed the ASAS
Health Index (ASAS HI) [38]. This questionnaire
is based on the comprehensive biopsychosocial
model of disease proposed by the International
 Copyright © 2019 Wolters Kluwer H
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Classification of Functioning, Disability, and Health
(ICF) [33]. It is a linear composite measure and con-
tains 17 items that cover most of the ICF core set. The
items address aspects of pain, emotional functions,
sleep, sexual functions, mobility, self-care and par-
ticipation in the community life with a dichotomous
response option: ‘I agree’ and ‘I do not agree’. The
calculation to obtain a single sum score is quick and
items can be summed up to give a total score ranging
from 0 to 17, with a lower score indicating a better
and a higher score indicating an impaired health
status.

A recent international study confirmed the valid-
ity of ASAS HI [39

&&

] and a score of 5.0 was identified
as differentiating from ‘good/very good’ health
versus ‘moderate’ health state, and a threshold of
ASAS HI for ‘moderate’ versus ‘poor/very poor’ health
was identified as a score of 12.0 or above. A score of 3
was identified as a small detectable change.

ASAS HI has been translated so far into 15 lan-
guages [40], and evaluates different categories of
functioning that are independent of the subjective
experiences of the patients.
ASSESSING AND MONITORING
TREATMENT IN CLINICAL TRIALS

ASAS has developed response criteria for measuring
response to therapy that are based on four domains;
patient global, pain, function (assessed by BASFI) and
inflammation (mean of BASDAI questions 5 and 6)
[41], which have been validated and accepted as a
main tool to measure symptomatic improvement in
patients with AS in clinical trials. The ASAS 20
requires an improvement of 20% and a change of
at least 10 units on a 100 mm VAS in at least three of
the four ASAS domains, as well as the absence of
worsening of the same magnitude in the remaining
domain [42]. Similarly, the ASAS 40 response requires
an improvement of 40% in three of the four domains
and a change of 20 units on a 100 mm VAS [43]. ASAS
5/6 response includes two additional domains (CRP
and spinal mobility assessed by lateral lumbar flex-
ion) in addition to the above mentioned four
domains [44]. An improvement of at least 20% in
at least five of these six domains fulfills the ASAS 5/6
improvement and indicates a state of partial remis-
sion with very low disease activity, which is the goal
of biologic therapy in AS.
ASSESSMENT OF DISEASE ACTIVITY AND
FUNCTION IN PATIENTS WITH
ANKYLOSING SPONDYLITIS IN A
CLINICAL PRACTICE

The primary goal of management in AS is to alleviate
pain and improve function. Accurate assessment of
ealth, Inc. All rights reserved.
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Table 3. Assessment of Spondyloarthritis Study Group core set for clinical record keeping

Physical function BASFI or DFI

Pain VAS/NRS past week in spine, at night, due to AS and VAS/NRS past week, in spine due to AS

Spinal mobility Chest expansion and modified Schober and occiput-to-wall distance and lateral spinal flexion

Patient global assessment VAS/NRS past week

Morning stiffness Duration of morning stiffness in spine past week

Fatigue VAS/NRS past week

Peripheral joints and entheses A number of swollen joints (44 joint count) Validated enthesitis indices

Acute-phase reactants ESR and CRP

Outcome measures in ankylosing spondylitis Magrey and Ritchlin
disease activity and response to treatment is
paramount for adjusting therapy in inflammatory
arthritis.

ASAS in collaboration with OMERACT devel-
oped a composite core set of variables to be mea-
sured for clinical, functional assessment and
monitoring of AS in a different clinical setting.
The measurement of core domains recommended
in clinical practice include spinal pain and stiffness,
patient global assessment, physical function,
inflammation, spinal mobility, enthesitis, periph-
eral joints, acute-phase reactants and fatigue as
shown in Table 3. The desirable set of variables for
minimum evaluation of patients with AS in clinical
practice include patient’s self-assessment of pain on
a scale of 1–10, assessment of disease activity either
using the BASDAI or the ASDAS if ESR and CRP are
available at the time of the visit, assessment of
function by monitoring any activities that are lim-
ited, physician’s global assessment on a scale of 1–4
(mild to severe) and ESR or CRP (Table 4).

The biggest challenge has been to incorporate
these specific indices into a routine practice because
of time constraints [45]. Moreover, the BASDAI has
shown to have poor correlation with CRP levels and
MRI inflammation [46], and ESR and CRP levels are
elevated only in 30–50% of patients with AS [47].
Also, measuring the ASDAS is not feasible as ESR and
CRP levels are often unavailable at the time of the
visit. Hence, physicians use descriptive terms
instead of quantitative data to describe the patients’
 Copyright © 2019 Wolters Kluwe

Table 4. Assessment of disease activity: current outcomes

tools

Variables Pitfalls

Degree of back pain Entirely patient driven

BASDAI Patient driven and some
questions are redundant

ASDAS Feasibility

ESR and CRP Lack sensitivity and specificity
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health status. A much more feasible way to assess
disease status in a clinical practice is to adopt vali-
dated questionnaires currently in use in rheumatol-
ogy offices for patients with rheumatoid arthritis
and psoriatic arthritis [48]. A multidimensional
health assessment questionnaire (MDHAQ) that
includes a simple index, routine assessment of
patient index data (RAPID3), has been used effec-
tively in other rheumatic diseases [49]. The RAPID3
is a composite index based on the three patient self-
report core data set measures, physical function,
pain and patient global estimate, and can be calcu-
lated on an MDHAQ in about 5 s [50]. Two studies
did find a good correlation between the RAPID3 and
the BASDAI and ASDAS values in patients with AS
[51,52]. Moreover, the RAPID3-like index provides
similar information to BASDAI and ASDAS-CRP con-
cerning responsiveness over 6 months. RAPID3
appears feasible to assess patients with ax-SpA quan-
titatively over time in busy clinical settings [48].

The BASMI questionnaire has not been widely
adopted in clinical practice. Often, physicians prefer
radiographic data to assess structural damage because
the assessment of spinal mobility using the BASMI
questionnaire is time-consuming. Also, it cannot
distinguish between the physical limitations caused
by acute inflammation versus chronic damage.
CONCLUSION

Clinical practice outcome measures should be feasi-
ble, easy to measure and meaningful enough to
allow the physician to make accurate and prudent
treatment decisions. Despite significant progress in
the assessment of patients with AS, evaluation of
disease activity and health status is still challenging
in these patients because of the complexity of the
disease and the challenges of spinal assessment. As
disease remission or low disease activity is the
acceptable target for treatment and the physician
compensation plans are changing toward more per-
formance-based metrics like quality of care and
patient satisfaction, it is crucial to measure PROs
r Health, Inc. All rights reserved.
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that quantify the current disease state and track
disease progression over time. However, measure-
ment of multiple outcomes in AS is practically
difficult in a clinical setting because of time con-
straints. The patient-reported symptoms of pain,
stiffness and fatigue in AS can be easily assessed
using the PROs. ASAS had developed the core set
of variables for clinical record keeping but feasibility
may be a problem in a routine practice. Using simple
and valid questionnaires like RAPID3 may be more
practical. Also, the newer assessment tools like
ASDAS and ASAS-HI have been created, allowing
for better understanding of the disease status but
feasibility remains an issue. Here again, monitoring
AS patients in the office setting with simple and
valid questionnaires like RAPID3 may be more
practical.

Multiple validated questionnaires have been
developed for clinical assessment of AS, but the lack
of feasibility of majority of these questionnaires
makes them less useful in a routine clinical practice.
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 CURRENT
OPINION Gout and cardiovascular disease: crystallized

confusion

Aryeh M. Abelesa and Michael H. Pillingerb

Purpose of review
Gout is associated with the risk of cardiovascular morbidity and mortality, but the biological relationship
between the two remains uncertain. The demonstration of reduction of cardiovascular risk with appropriate
gout treatment would argue for a causal role for gout in cardiovascular disease. We reviewed recent
studies that address the relationship between gout and cardiovascular disease.

Recent findings
Studies are conflicting; some show that lowering serum uric acid levels leads to better cardiovascular
outcomes, whereas others show no such benefit. Inconsistencies in study design may contribute to these
variations in outcome. Additionally, different gout treatment strategies may affect cardiovascular outcomes
differently.

Summary
Despite an abundance of data generated in the last 5 years, it remains unclear whether treating gout with
urate-lowering therapy provides a cardiovascular benefit. Additionally, further studies are needed to clarify
whether different urate-lowering drugs confer different cardiovascular risks or benefits. Nonurate-lowering
agents used for gout or commonly used in gout patients, such as colchicine and statins, may also improve
cardiovascular outcomes in this population.

Keywords
cardiovascular disease, gout, urate

INTRODUCTION

Gout prevalence has increased two-to-four fold
since the 1970s, and gout currently affects �3.9%
of US adults [1,2] In Taiwan, gout prevalence among
men increased from 4.7% in the mid-1990s to 8.2%
10 years later [3]. In addition to gouty flares and
monosodium urate (MSU) crystal deposits, gout is
associated with multiple comorbidities, including
chronic kidney disease, diabetes, hypertension, car-
diovascular disease, and early death [4,5

&

]. Here, we
review the question of cardiovascular disease in
gout, emphasizing the most recently available data.

GOUT AS AN INDEPENDENT
CARDIOVASCULAR RISK FACTOR

Multiple studies established that gout sufferers have
increased risk of coronary artery disease (CAD) and
cardiovascular death compared with the general
population [2,6–8]. More recent studies confirm
these earlier observations [9–12]. In one retrospec-
tive cohort study accessing a Medicare database,
gout was an independent predictor of incident MI

in a subgroup of patients lacking other CAD risk
factors (including hyperlipidemia, diabetes, and
hypertension) [10]. Similarly, Disveld et al. retro-
spectively matched patients with crystal-proven
gout to those with nongouty arthritis. Even after
accounting for multiple potentially confounding
variables, patients with gout maintained a higher
prevalence of cardiovascular disease [odds ratio (OR)
3.39] [11]. Andres et al. enrolled 237 consecutive
patients with crystal-proven gout, and stratified
them for traditional cardiovascular risk factors
and medical history; patients not initially classified
as ‘very high’ risk underwent carotid ultrasound.
Among 142 patients assessed, 80 had their risk
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KEY POINTS

� Gout is an independent risk factor for cardiovascular
disease and cardiovascular mortality.

� Lowering serum urate may improve cardiovascular
outcomes, but data are conflicting.

� It remains unclear whether allopurinol confers more
favorable outcomes than febuxostat.

� Other medications, including colchicine and statins,
may have salutary effects on cardiovascular disease in
patients with gout.

Gout and cardiovascular disease Abeles and Pillinger
upgraded after carotid US; 66 moved into the very
high-risk stratum [12].
THE TREATMENT OF GOUT: A TEST CASE
FOR THE IMPACT OF GOUT ON
CARDIOVASCULAR DISEASE

If gout promotes cardiovascular risk, it would seem
logical that treatment of gout would lower cardio-
vascular risk. Current treatment of gout includes
two overarching strategies: lowering serum urate
and managing gouty inflammation. Here we exam-
ine the recent literature for each of these strategies.
Urate-lowering therapy and cardiovascular
risk: multiple studies, no consensus
Allopurinol

Recent studies conflict as to whether urate-lowering
therapy (ULT) reduces the incidence of cardiovascu-
lar disease among gout patients. For instance, one
case–control study from France showed that allopu-
rinol lowered the risk of nonfatal myocardial infarc-
tion (MI) by 20% among patients with gout
(although the adjusted OR of 0.8 had a confidence
interval crossing 1), whereas a retrospective cohort
study from Taiwan concluded that gout patients on
allopurinol were 20% more likely to experience
incident cardiovascular events [13,14]. Differences
in study populations render direct comparison chal-
lenging, however. Most significantly, 67% of the
French cohort took at least 200 mg/day allopurinol,
whereas 67% in the Taiwanese study were on unusu-
ally low doses (�100 mg). On the other hand, esca-
lating allopurinol dose failed to reduce
cardiovascular mortality in one 10-year observa-
tional, active-comparator study [15]. However, in
that study, the group undergoing dose escalation
differed from a fixed low-dose allopurinol control
group in ways that may have confounded
 Copyright © 2019 Wolters Kluwe

1040-8711 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
cardiovascular outcomes. For example, significantly
more individuals in the dose-escalation group were
managed by rheumatologists (18 vs. 7%), suggesting
the possibility of more severe disease at study entry.
Additionally, the dose-escalation group had higher
baseline serum urate levels and greater use of pred-
nisone, factors, which may have conferred cardio-
vascular risk and mitigated any possible effect of
allopurinol. Finally, the maximum dose of allopuri-
nol achieved for individuals in both groups was
lower than the mean dose of allopurinol reported
to be needed to achieve the ACR/EULAR target
serum urate: nearly 80% of nonescalators received
100 mg/day or less, and 99% or less of dose escalators
received 300 mg/day. Thus, both groups may have
received doses of allopurinol too low to achieve a
meaningful cardiovascular effect.

A population-based, case–control study from
Spain reported that current use of allopurinol was
associated with decreased risk of MI (adjusted OR
0.52). The effect was time-dependent and dose-
dependent – patients taking allopurinol for more
than 180 days had an MI risk that was even more
reduced (OR 0.21). Higher doses of allopurinol were
also potentially more protective; at least 300 mg
daily yielded an OR of 0.30, whereas less than
300 mg yielded an OR¼0.67 (but NS, with 95% CI
0.37–1.23). Additionally, patients with a prior his-
tory of acute MI experienced significant risk reduc-
tion for nonfatal acute MI recurrence (adjusted
OR¼0.16) [16]. Like the Spanish study, a Taiwanese
retrospective cohort study of gout patients showed a
time-dependent allopurinol benefit. Although allo-
purinol did not decrease incident CAD during the
initial period of observation, it was associated with a
decreased risk of CAD if it had been taken for at least
270 days [17].

In contrast, a Danish group found no time-
dependent or dose-dependent protective effect of
allopurinol, in a propensity-matched cohort study
using Denmark’s national database. Neither the
dose of allopurinol nor the degree of serum urate
lowering, affected incident cardiovascular disease
(nonfatal MI, nonfatal stroke, and cardiovascular
death), and achieving a target serum urate
[<0.36 mmol/l (<6.0 mg/dl)] did not lead to better
cardiovascular outcomes (OR¼1.01) [18]. An obser-
vational study performed in the United States exam-
ined the effect of significant serum urate lowering
(�3 mg/dl) on incident cardiovascular disease in a
cohort of gout patients covered by private health
insurers and concurred with the Danish study: sig-
nificantly lowering serum urate resulted in no
decline in incident cardiovascular disease (adjusted
hazard ratio of 1.01) [19]. To confuse matters, how-
ever, in a different study, the Danish group matched
r Health, Inc. All rights reserved.
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all incident allopurinol users from a single county
with nonusers. In that study, they observed that any
allopurinol use slightly decreased the risk of a com-
posite cardiovascular endpoint (nonfatal CVA, non-
fatal MI, cardiovascular death; hazard ratio 0.89).
Allopurinol also decreased the risk of death (hazard
ratio 0.68) [20]. Although most patients taking allo-
purinol in the community have a history of gout,
neither of the Danish studies provided data regard-
ing gout history. Thus, it is possible that the inves-
tigators were comparing a group of allopurinol-
treated gout patients with a group of individuals
with untreated asymptomatic hyperuricemia. As
several studies have reported a higher risk of cardio-
vascular disease in gout patients vs. those with
hyperuricemia alone, the small relative reduction
in risk among the allopurinol group may have
underestimated the actual protective effect.

Further examples of studies with diametrically
opposed findings include a prospective case-matched
cohort study from Taiwan and a propensity-score
matched retrospective US study using a Medicare
database. The Taiwanese study showed that gout
patients taking ULT (allopurinol or benzbromarone)
had lower rates of cardiovascular disease (hazard ratio
0.29) and all-cause mortality (hazard ratio 0.47) than
those who did not [21]. In contrast, the United States
study investigated the effect of xanthine oxidase
inhibitor (XOI) initiation on incident cardiovascular
disease and death and found no difference in out-
comes between gout patients who began XOI and
those who did not (though the study’s authors
acknowledge that low adherence in the XOI group
may have affected the outcome) [22].

Two recently published meta-analyses have
examined the effect of urate lowering on incidence
of cardiovascular disease. The first included only
randomized control trials of ULTs in 7757 patients
with established gout, nearly all of whom had been
enrolled in trials investigating XOIs (allopurinol or
febuxostat). The authors concluded that urate lower-
ingdid not reduce incidenceof cardiovascularevents.
Unfortunately, most of the included studies were of
short duration, included low-risk populations, and
were underpowered to detect between-group differ-
ences [23]. The other meta-analysis was larger and
more selective, including only studies assessing XOI
use, mainly in high-risk populations. That study
suggested that whereas allopurinol, a purine-like
XOI, reduced incident cardiovascular disease, the
nonpurine-like XOI febuxostat did not. Paradoxi-
cally, the protective benefit of allopurinol dissipated
with higher (>300 mg/day) doses. Importantly, this
meta-analysis included mostly studies of hyperurice-
mic patients without gout (only 12 of 93 studies had
majority-gout patients; most had either no patients
 Copyright © 2019 Wolters Kluwer H
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with gout or the presence of gout was not recorded).
Thus, whether this second meta-analysis provides
any insights into allopurinol impact on cardiovascu-
lar risk in gout patients is unclear. Moreover, even in
established gout patients, modifying hyperuricemia
may not favorably impact upon what may be a gout-
associated biological phenotype associated with gout
that independently leads to adverse cardiovascular
outcomes [24].

In summary, although numerous retrospective
studies have investigated whether allopurinol
reduces incident cardiovascular disease in gout
patients, we remain without clarity. Some studies
show that allopurinol markedly reduces incident
cardiovascular disease; other that it affords no ben-
efit. Some studies show that higher doses of allopu-
rinol are essential for a better outcome; others that
any dose at all is good enough (or provides no
benefit whatsoever). Heterogeneity in study design,
and the limitations inherent to retrospective stud-
ies, contribute to the confusion.

The ALL-HEART study is an ongoing, prospec-
tive, randomized trial investigating whether allopu-
rinol reduces cardiovascular outcomes in patients
with established ischemic heart disease and asymp-
tomatic hyperuricemia. The primary outcome is the
composite end-point of nonfatal MI, nonfatal stroke
or cardiovascular death. Allopurinol is being given
at different doses (100– 600 mg daily) based on renal
function at time of study entry. However, as one
exclusion criterion is gout, the study may have
limited bearing on patients in rheumatology prac-
tices, as gout may confer different cardiovascular
risks than asymptomatic hyperuricemia [25].

Other urate-lowering therapies and
cardiovascular outcome

Whether urate-lowering therapies other than allo-
purinol may provide cardiovascular benefit remains
an open question.

Probenecid

In one Medicare cohort study, patients taking pro-
benecid were less likely to suffer myocardial infarc-
tion or stroke than those taking allopurinol (hazard
ratio 0.8). Rather than implying relative safety of
probenecid over allopurinol; however, this finding
may reflect baseline differences between the patient
groups, and the study lacked important comparative
data, most notably pretreatment serum urate levels.
On the basis of prescribing guidelines, patients
receiving probenecid were less likely to have CKD,
which could have affected cardiovascular outcomes.
Nevertheless, in the subcohort of patients without
chronic kidney disease, probenecid was still associ-
ated with a reduced risk of major adverse
ealth, Inc. All rights reserved.
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cardiovascular events (hazard ratio 0.84). As proben-
ecid is uncommonly prescribed in practice, available
data was limited; in the accessed Medicare database,
probenecid was prescribed at roughly 3% of the rate
of allopurinol [26].

Febuxostat vs. allopurinol: cardiovascular
safety

A recent cohort study of Medicare patients (average
age 76) compared outcomes of 24 936 patients begin-
ning on febuxostat to 74 808 beginning on allopuri-
nol. No differences emerged between the groups
regarding risk of MI, stroke, coronary revasculariza-
tion, or all-cause mortality [27]. However, these find-
ings are at odds with the results of the prospective
CARES trial, comparing the effect of febuxostat vs.
allopurinol on incident cardiovascular disease. Inclu-
sion criteria included a history of major cardiovascu-
lar disease and gout. Although the study’s primary
outcome – new cardiovascular events – did not differ
between the two treatment groups, two secondary
outcomes – cardiovascular and all-cause death –
favored allopurinol. However, the study had signifi-
cant limitation, including the fact that differences in
mortality between the two treatment arms may have
been explained by effects of NSAIDs and aspirin
(ASA). Patients in the febuxostat group who were
co-administered NSAIDs experienced a significantly
higher rate of cardiovascular mortality than those
taking allopurinol and NSAIDs [41/856 (4.8%) of
those co-administered febuxostat and NSAIDs died
because of cardiovascular causes vs. 20/908 (2.2%)
taking allopurinol and NSAIDs]. Although it is
unclear why NSAIDs should have differing effects
on patients taking different urate-lowering medica-
tions, NSAIDs are known to increase the risk of car-
diovascular disease and death, and in a clinical trial
involving high-risk cardiovascular patients, NSAIDs
should probably have been excluded from the trial
protocol. Another factor that appears to have
impacted differences between the treatment groups
is whether patients took ASA. Patients randomized to
receive febuxostat but who did not take ASA had a
significantly higher risk of cardiovascular mortality
than those patients randomized to allopurinol not
taking ASA (85/1602 [5.3%], vs. 43/1611 [2.7%]).
Therefore, the mortality difference between the
groups might be largely attributable to the adverse
effects of NSAIDs and the salutary effects of low-dose
ASA in a high-risk cardiovascular population, rather
than any risk specifically conferred by febuxostat or
benefit conferred by allopurinol. The authors
obliquely address this in the discussion, when they
write, ‘The only heterogeneity in the analyses of
cardiovascular mortality occurred in two subgroups
– patients with concomitant administration of ASA
 Copyright © 2019 Wolters Kluwe
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or NSAIDs. These drugs may be associated with more
frequent gout flares, which, in turn, could lead to
increases in cardiovascular events.’ At the very least,
these data suggest that appropriate cardiovascular
risk management in high-risk patients (use of ASA
and avoidance of NSAIDs) may mitigate any possible
effects favoring allopurinol over febuxostat. Another
difference between the two groups is that febuxostat
was more effective at lowering serum urate. Given the
possibility that overly aggressive urate lowering
increases the likelihood of cardiovascular events, this
potential confounder could also contribute to the
difference in cardiovascular outcomes between the
two groups (for instance, at month 36 of the study,
33% of the patients on allopurinol had UA <5, vs.
46.1% of patients taking febuxostat) – and could
potentially be remedied by slower titration of febuxo-
stat. Importantly, the dropout rate for the study was
nearly 60%; when a post hoc analysis included data
on as many dropped-out patients as could be identi-
fied, the adverse cardiovascular signal for febuxostat
was no longer significant. Additionally, most of the
cardiovascular events (and deaths) occurred after
drug discontinuation, making it difficult to impute
causation. Finally, as the CARES trial lacked an
untreatedcontrol group, even granting the difference
in outcomes between the two treatments, it is impos-
sible to determine with certainty whether a greater
rate of events in the febuxostat group represents an
actual increase in events, or possibly a less dramatic
risk reduction when compared with allopurinol [28].

Clouding the picture further, a recent retrospec-
tive cohort study of commercially insured gout
patients with preexisting cardiovascular disease (or
heart failure) and stage 3 or 4 CKD showed that
febuxostat led to favorable outcomes relative to allo-
purinol. Patients initiating febuxostat were less likely
to experience major cardiovascular events than those
initiating allopurinol (hazard ratio 0.52). Shortcom-
ings to this study included lack of cohort matching,
lack of propensity-score matching, short follow-up (9
months), absence of mortality data, and absence of
data on serum urate levels of the patients. Addition-
ally, much of the difference between the outcomes of
the two medications was driven by differences in
rates of peripheral vascular events [29].

Possibly the results of another ongoing study, the
FAST trial – enrolling in Denmark and the UK – will
prove more definitive in its findings. This random-
ized controlled trial of patients with ‘symptomatic
hyperuricemia’ (patients with acute gouty attacks or
those with at least one confirmed tophus in the
absence of history of acute gouty arthritis) is testing
the relative cardiovascular safety of allopurinol and
febuxostat. As with the CARES trial, the study’s pro-
tocol mandates that patients’ medications be titrated
r Health, Inc. All rights reserved.
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to a specific serum urate target. If needed, patients
receiving febuxostat will receive higher doses than in
the CARES trial, as febuxostat is approved at 80 and
120 mg doses in Europe. This cohort will also differ
from CARES in terms of cardiovascular risk. Where
the CARES patients had established cardiovascular
disease, the FAST patients only had to have at least
one cardiovascular risk factor [30].
Nonurate-lowering therapy medications and
cardiovascular risk

Although the bulk of attention has been paid to ULTs’
potential impact on cardiovascular risk, there are
other classes of medications that might offer favor-
able cardiovascular risk reduction, including colchi-
cine and HMG-CoA reductase inhibitors (i.e. statins).

Gout, antiinflammatories and
cardiovascular risk

The argument that inflammation may promote car-
diovascular disease raises the possibility that the
acute and chronic inflammation seen in gout could
confer cardiovascular risk, and that anti-inflamma-
tory agents used to treat gout could potentially
reverse that risk. Of course, gout mainstay drugs,
such as NSAIDS and glucocorticoids are well estab-
lished to raise cardiovascular risk, but these effects
are presumed to act through mechanisms indepen-
dent of their anti-inflammatory effects.

Colchicine

A handful of studies have assessed whether the
antiinflammatory gout drug colchicine could lower
cardiovascular risk [31

&

,32,33]. One single-center
retrospective cross-sectional study showed that gout
patients who had received at least one prescription
of colchicine had a lower prevalence of myocardial
infarctions (1.2 vs. 2.6%, hazard ratio 0.46), but the
duration of colchicine was unknown, and the study
was not adjusted for confounders [31

&

]. Neverthe-
less, a subsequent retrospective Medicare database
study showed similar findings. Among gout
patients, individuals taking colchicine had
markedly lower rates of cardiovascular events (haz-
ard ratio 0.51) compared with nonusers, as well as a
73% reduction in all-cause mortality (hazard ratio
0.27) [32]. Subsequent studies, reported so far only
in abstract form, suggest that the ability of colchi-
cine to lower both hsCRP (an MI risk biomarker) and
overall MI risk may be observed only with its active
use [33]. Finally, a large pragmatic trial studied the
effect of daily colchicine among nongout patients
for secondary prevention of cardiac outcomes and
showed a significant benefit on a scale similar to that
 Copyright © 2019 Wolters Kluwer H
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of the two colchicine studies reported in gout
patients [34].

Anti-IL-1b therapy

It is now appreciated that IL-1b is a central player in
gouty inflammation, and IL-b has also been appre-
ciated as an inflammatory cytokine associated with
cardiovascular disease. Thus, it was interesting to
observe the recent CANTOS trial, in which the
antigout, anti-IL-1b biologic canakinumab was
shown to reduce major cardiovascular events in a
large cohort of patients [35]. This trial provides the
first definitive proof-of-principle that an anti-
inflammatory strategy can reduce cardiovascular
risk. As the benefit was modest, and the expense
of canakinumab is high, it is unlikely to advance to
common use. Perhaps not surprisingly, a recently
published secondary analysis revealed that the use
of canakinumab in CANTOS also reduced the rate of
incident gout (e.g. first gouty attack). Whether other
anti-IL1b therapies (e.g. anakinra) would have simi-
lar effects is not known. Of note, some studies
suggest that colchicine itself may reduce IL-1b levels
by blocking its cellular production [36].
Statins and cardiovascular risk in gout
patients

Many gout patients require statins to treat hyperlip-
idemia, raising the question of whether statins can
reduce cardiovascular risk in gout patients. Indeed,
the understanding that statins may exert a protec-
tive effect not only by reducing serum lipids but also
through an anti-inflammatory effect, suggests the
possibility of an additional cardioprotective role in
patients with gout [37]. In one incident user cohort
study, patients with gout who initiated statins had
significantly reduced all-cause mortality compared
with a propensity score-matched cohort of patients
with gout not taking statins (hazard ratio 0.84). The
benefit was even more pronounced for those
patients without known cardiovascular disease (haz-
ard ratio 0.65) [38

&

]. In a prior meta-analysis inves-
tigating clinical trials of statins for patients at low
risk of vascular disease, statin use conferred a more
modest reduction in mortality, with a relative risk of
0.91 [39]. More data is needed, but these initial data
suggest that statins might be effective at reducing
mortality in the gout population.
CONCLUSION

People with gout are at increased risk for cardiovas-
cular disease, both because, and independent of the
high rate of traditional cardiovascular risk factors
ealth, Inc. All rights reserved.
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FIGURE 1. Possible interactions in the association between gout and cardiovascular disease. As indicated, gout may play a
causative role in the development and/or severity of cardiovascular disease, but cardiovascular disease may also theoretically
promote gout. Alternatively, comorbidities, such as kidney disease may be promoted by, or promote, gout, cardiovascular
disease, or both. Finally, the role of hyperuricemia, vs. gout per se, remains not well clarified. These multiple potential
interactions and directions of causality make it challenging to clarify the role of gout in cardiovascular disease.
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they harbor (Fig. 1). Less clear are the mechanisms
through which gout independently promotes car-
diovascular risk – the role of urate per se, oxidant
load, gouty inflammation, crystal deposition in vas-
cular tissues, and the intracellular metabolic states
in patients with gout are all areas of active investi-
gation. Although serum urate lowering is always an
appropriate treatment for established gout, it is less
clear whether serum urate lowering has a salutary
effect on cardiovascular disease. Which approaches
to serum urate lowering are most likely to be bene-
ficial is also an important but unresolved question.
Finally, some evidence suggests that at least some
antigout, anti-inflammatory agents may offer bene-
fit, but colchicine studies are small and the results
need to be confirmed in larger, prospective trials.
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 CURRENT
OPINION Methods for measuring patient preferences:

an update and future directions

Alexa Mearaa, Norah L. Crossnohereb, and John F.P. Bridgesb

Purpose of review
The current review highlights the growing number of available methods used to measure patient
preferences and discusses how this impacts preference research in rheumatology. Spurred by the growing
role of preferences in regulatory decisions and drug development, researchers have begun applying
preference methods to study questions beyond the clinical context. We explore these trends, provide case
studies highlighting changes in measuring patient preferences, compare strengths and weaknesses of
common stated-preference methods, and discuss considerations for the future use of these methods.

Recent findings
Early literature on patient preferences often mimicked clinical practice, asking whether treatment A is better
or worse than treatment B for a patient. Early applications of patient preference methods in rheumatology
aimed to value different attributes of treatments, but remained focused on informing clinical questions.
Spurred by interest in preferences by regulatory agencies and patient-centeredness throughout the product
lifecycle, there are now a wide array of methods available to measure preference.

Summary
Although these different preference methods have strengths and weaknesses, they serve to highlight the broad
number of questions that could help rheumatology beyond the clinical context. Researchers in rheumatology
now have the opportunity to better serve diverse stakeholders by considering how these methods could aid in
clinical trial design, regulatory policy, and other elements of the medical product life cycle.

Keywords
patient preference, regulatory reviews, research methodology, rheumatic disease, stated-preference methods

INTRODUCTION

The term ‘patient-centeredness’ was coined by
Balint [1], who described it as a humanistic approach
to medical care. Other pioneering work in the field
followed, with researchers examining physician lis-
tening skills [2], patient satisfaction [3], and shared
decision-making in medical encounters [4]. Modern
considerations of patient-centeredness are framed
by the Institute of Medicine’s report Crossing the
Quality Chasm: A New Health System for the 21st
Century, which identified the importance of
patient-centeredness as a quality of care metric char-
acterized by ‘providing care that is respectful of and
responsive to individual patient preferences, needs,
and values,’ [5]. In the last decade, patient-centered-
ness has also become a key concept in outcomes
research [6] as clinical researchers aim to focus on
questions and outcomes that take into account
patients’ preferences [7–10,11

&

].
The field of rheumatology has increasing inter-

est in patient preferences across all rheumatologic

conditions [12,13]. Tools such as conjoint analysis
and decision aids have provided insight into patient
preferences and the factors that influence decision-
making primarily in the clinical context [12].
Recently there has been a move to expand the use
of patient preference data beyond clinical decision-
making into broader arenas such as policy decisions
and drug development. The Food and Drug Admin-
istration (FDA) has emphasized the value of prefer-
ence research throughout the full drug development
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KEY POINTS

� Rheumatology has historically used patient preference
studies to inform treatment decisions and improve
patient-centeredness in clinical encounters.

� Changing regulatory policy and advancements in
preference research methods have spurred the inclusion
of preference studies throughout the entire product
lifecycle.

� Preference research has the ability to not only inform
clinical decision-making in rheumatology, but also to
capture diverse stakeholder insights into the processes
and systems that influence care.

� Examples of areas for further rheumatology preference
research include clinical trial design, psychosocial
outcomes, and regulatory benefit–risk assessment.
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lifecycle and in regulatory decisions [14
&

,15
&

,16].
This has not only challenged researchers to think
about the different settings in which preference data
might be important, but has sparked an interest
in the wide variety of methods that might be appli-
cable [17].

In this review, we will discuss the evolving
nature of patient preference data beyond the clinical
context. Rheumatology researchers have been lead-
ers in patient-centered research and this review will
expand the familiarity of available preference meth-
odologies. We explore differing approaches to
studying preferences, provide case studies highlight-
ing changes in measuring patient preferences, com-
pare strengths and weaknesses of common methods,
and discuss considerations for the future use of
these methods.
PATIENT PREFERENCES IN THE CLINICAL
CONTEXT

Today there remains confusion in the definition of
‘patients preferences’ [18]. Clinicians, patients,
economists, and regulators often define preferences
differently, which has implications for preference
measurement and research [19]. From a clinical
standpoint, patient preferences are the individual’s
evaluation of all domains of healthcare and how it
relates to them [20]. Physicians often define patient
preferences as measured at a single time point and
comprised of several domains including treatment
burden, treatment outcome expressed in terms of
the health state and length of life following treat-
ment, and the likelihood of the outcome [21]. Pref-
erences exist at all levels of a medical encounter,
including those regarding structure (such as what
health insurance plan to join), process (such as the
 Copyright © 2019 Wolters Kluwer H
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extent of shared decision-making), and outcomes
(such as for outcomes of medical interventions) [18].

Physicians have long considered patient prefer-
ences in day-to-day clinical care as part of what we
now call shared decision-making. The first pub-
lished patient preference study assessed choices
among available treatments during end of life care
[22]. In the 1970s, physicians took the consideration
of preferences further, using Likert-type scales to
inquire whether the patients wanted information
and how much information was needed to inform
shared decision-making [23]. By the 1980s, the
understanding of patient preferences evolved fur-
ther to explore why, how, and when patient
involvement became important. A common
method used was conjoint analysis, an inferred
weighting approach with roots in psychology, eco-
nomics, and marketing that asks participants to
make repeated choices and tradeoffs. Conjoint anal-
ysis at the time represented a novel application of
preference studies to understand the tradeoffs
involved in making healthcare decisions [24].

It is also informative to explore what patient
preferences are not. Patient preferences are not
patient-reported outcomes (PROs). PROs measure a
patient’s perceptions of health status/condition
directly from the patient or from those qualified to
speak for the patient, such as a caregiver [25], without
interpretation by the clinician. PROs help assess where
the patient is at a particular time point, but do not
indicate where the patient wants to go. Similarly
health state measures such as quality-adjusted life
years (QALYs) are more focused on measuring health
status than assessing which circumstances people pre-
fer to be in [26]. Structured decision-making processes
such as the Delphi technique [27], nominal group
technique [28], and multiple-criteria decision analysis
[29], are focused more on reaching consensus among a
group (often of experts) than eliciting preferences
from patients and other stakeholders.
PREFERENCE CASE STUDIES (CLINICAL
CONTEXT)

Understanding patient preferences is imperative to
managing multiorgan chronic diseases requiring mul-
tiple medication regimens such as rheumatoid arthri-
tis (RA). There is an ever growing number of new
medications and number of choices for patients with
RA [30]. Understanding preferred route of delivery,
cost, and adverse reactions is key to treating patients
[31].Case study1portraysan applicationofpreference
methods used to inform clinical care. Fraenkel et al.
[32] measured individual patients’ preferred benefit–
risk tradeoff for RA treatments and used this to inform
appropriate medical management.
ealth, Inc. All rights reserved.
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Case study 1: Patient preferences for treatment of
RA: Fraenkel et al. [32] elicited preferences of
patients with RA for disease modifying antirheu-
matic drugs by exploring trade-offs between drug
benefits and possible risks. 120 patients with RA
ranked and rated drug characteristics in an adaptive
conjoint analysis experimental design. This allowed
researchers to infer the importance of each drug
characteristic for individual participants. Preferen-
ces were compared against the drug profiles of four
common RA treatment options. Results from the
study demonstrated that preference methods such
as conjoint analysis could be applied in a clinical
setting to identify what treatment options are con-
gruent with individual preferences.

Case study 2 identifies and compares factors
influencing the decisions of patients with RA and
physicians to escalate treatment care for patients
with RA. This case study uses preference informa-
tion to inform the processes of care, rather than to
inform a specific decision for a drug treatment, and
also explores preference heterogeneity between
patients and physicians. That there are differences
between patient and physicians reinforces the con-
cept that patient preference are vital.

Case study 2: Factors in patients’ and rheumatolo-
gists’ decision to escalate care: van Hulst et al. [33]
explored factors influencing the decisions of RA
patients and physicians to escalate care. A total of
106 rheumatologists and 213 RA patients completed
a maximum differences scaling wherein they
selected the most important factor related to the
decision to escalate treatment care from a total of 58
factors over 24 tasks. The five most important factors
selected by rheumatologists varied from those
selected by patients. Preferences collected in this
way can be used to inform not only patient-specific
benefit–risk tradeoffs for drug treatments, but also
have application in informing priority setting across
the continuum of care.
PATIENT PREFERENCES IN OTHER
CONTEXTS

The FDA ensures the safety, efficacy, and security of
drugs and other medical products [34]. FDA has
defined preferences as the ‘qualitative or quantita-
tive assessments of the relative desirability or accept-
ability to patients of specified alternatives or choices
among outcomes or other attributes that differ
among alternative health interventions’ [15

&

]. Thus,
the FDA has focused on incorporating data on
patient and caregiver preferences into the regulatory
process [35].

FDA in 2012 implemented a structured benefit-
risk assessment for pharmaceutical product review
 Copyright © 2019 Wolters Kluwe
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as a part of the Prescription Drug User Fee Act
(PDUFA V). To included patient preferences in
FDA decision-making, various agencies within the
FDA employed different approaches. One approach
was to develop a framework based on direct patient-
input [36], wherein the FDA met with patients,
providers, advocates, and other stakeholders across
24 diseases to learn about unmet medical needs [37].
Another approach taken was quantitatively docu-
menting ‘patient tolerance for risk and perspective
on benefit’ and exploring heterogeneity in risk-tol-
erance during regulatory reviews [38]. In 2015, the
FDA collaborated with researchers to quantitatively
evaluate acceptable trade-offs for an obesity device
under review using a discrete choice experiment
(DCE). Although the device failed to meet clinical
endpoints, the preference data from the DCE pro-
vided sufficient evidence of a favorable benefit–risk
profile and the device was approved by FDA, making
this a landmark study of in the use of preference
research to inform an approval [39].

Additional opportunity for patient inclusion in
the regulatory process came with the 2016 passing of
the 21st Century Cures Act, designed to accelerate
medical advancements addressing unmet needs
[16]. The reauthorization of PDUFA VI in 2017
further emphasized a commitment to systematically
including patient preference and voice throughout
regulatory decision-making [40].
CASE STUDIES IN OTHER CONTEXTS

Increasingly there is a greater emphasis on incorpo-
rating patient preference information into the
design of clinical trials. One approach to do so is
presented in case study 3, where Stamuli et al. [41

&&

]
used a DCE to identify what outcomes mattered
most to RA patients for a clinical trial assessing a
health and fitness intervention. Research trials
informed by preference studies such as DCEs are a
way to include patient voice in the development of
patient-centered clinical trials.

Case study 3: Patient preferences for a RA random-
ized control trial outcome measure: Stamuli et al. [41

&&

]
sought to identify the preferences of RA patients on
an outcome measure for a randomized control trial
testing a health and fitness intervention. A total of
100 RA patients completed a DCE, wherein they
were presented with hypothetical scenarios describ-
ing varying levels of the identified outcomes and
were asked to select which was preferred. Results
from the study indicated that patients preferred
‘foot and ankle pain’ to be assessed, and researchers
based the subsequent trial on this measure. This
study is an example of one approach to including
preferences in the development of clinical trials.
r Health, Inc. All rights reserved.
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Another approach is to solicit the preferences of
the broader public on disease-specific treatments.
Soliciting national input can help regulators gauge
resource allocation to specific disease areas. Societal-
based preference solicitation presents a more values-
based alternative to the use of cost-effectiveness
analysis and QALYs. One weaknesses of QALYs
and cost-effective analysis is that they underesti-
mate the possible benefits and risks of a treatment.
Accordingly, DCEs can evaluate patient preferences
from any community.

Case study 4: Societal preferences for RA treatments:
Harrison et al. [42] explored benefit–risk tradeoffs
for RA treatments among a nationally-representa-
tive sample of Canadians. A DCE was used to assess
tradeoffs between attributes of RA treatments
including administration features, chance of benefit
and side effects, confidence in evidence, and life
expectancy. A total of 733 participants valued the
degree of confidence in evidence, administration
route, and benefits and side effects the most. Such
research may be helpful in informing policymakers
about the cost-effectiveness of RA treatments with
different risk profiles, and could be built upon to
inform resource allocation decisions for RA at the
national level.
COMMON STATED-PREFERENCE
METHODS

Conjoint analysis methods are now well accepted and
used in rheumatology, likely due to its accessibility
though software packages [e.g., Sawtooth (Provo,
Utah, USA), 1000minds (Wellington, New Zeland)
etc.] and low burden to the participants. This said,
discrete choice experiments are not more widely used
in medicine given their clearer grounding in (choice)
theory, the relative transparency of the methods, and
the availability of good research practice documents
and short courses teaching these approaches
[43

&

,44
&&

,45
&&

]. Despite the popularity of DCE [46]
there is a growing awareness of the difficulting in
designing and analyzing these experiments and ques-
tion over their burden on respondents [47]. Further-
more, DCE may not be suitable for all research
questions (such as prioritizing endpoints and head-
to-head comparisons of competing interventions).

Other stated-preference methods are now gain-
ing popularity, including best–worst scaling, direct
elicitation, and tradeoff techniques. Although these
methods have various strengths and weakness
(Table 1), they have not been extensively used in
the rheumatology literature. Recent review of meth-
ods has also highlighted several other preference
methods that could prove beneficial [17]. Some of
these methods may have appeal to clinical
 Copyright © 2019 Wolters Kluwer H
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researchers as they utilize traditional mechanisms
of elicitation (i.e., a simple comparison of a treat-
ment A versus treatment B).
DISCUSSION

The four case studies presented in this article dem-
onstrate how preference methods can be utilized in
different contexts; clinicians focus on studying deci-
sion-making in specific clinical settings and
researchers considering a range of contexts in an
attempt to influence policy makers. Refer to Table 1
for different types of patient preference methodol-
ogy. Other stakeholders, and clinical trialists, are
also starting to consider the use of preference meth-
ods to identify meaningful endpoints [51,52], FDA
wants an evidence base to make benefit–risk deci-
sions [36,38], health systems want to understand
clients’ preferences [53], companies want to design
better technologies [54,55

&

], and patient organiza-
tions want to have a greater say in all decisions [56].

Burgeoning interest in preferences methods [46]
– and the corresponding explosion of recognized
preference methods [17] – will require us toovercome
three significant barriers. First, no singular context
(whether it be individual clinical decision-making or
national policy making) is necessarily better than
another. There are a broad range of contexts for
the application of stated-preference methods and
no single study can be relevant to all possible con-
texts. Methods may have trouble drawing inferences
at the individual clinical encounter level due to
measurement error [57,58]. Some methods may not
be able to make national generalizations due to pref-
erence heterogeneity [59].

Second, there is currently no guide describing
which method is best for which study question and
context. Even if methods and questions are
bounded, competing objectives are at play; policy
makers have needs and wants from the data which
may be different than those of patients, and patients
(or other respondents) have time and capacity lim-
its. Methodologists also have limitations and desires
(e.g., the use of theory). A perfect study would find
the common ground between perspectives, which
may require compromise. Funders, ethical review
boards, journal editors, peer reviewers, statisticians,
economists, and other stakeholders may also have
specific interests, and so ‘perfect’ may not exist.

Finally, systematic decision-making approaches
gaining popularity in diverse fields, including rheu-
matology [60,61] focus on the perspective of scien-
tific experts and stakeholders, not patients [62].
These methods use statistical approaches similar
to preference methods, such as multi-criteria deci-
sion analysis, but are not generally considered
ealth, Inc. All rights reserved.
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Table 1. Strengths and weakness of different stated-preference method

Method Description Strengths Weaknesses

Conjoint analyses (e.g.,
adaptive, self-
explicateda)

A pragmatic approach to estimating
the value of different attributes
and/or levels of products using a
combination of ratings, rankings,
and (partial profile) choice tasks

Easily available in software
packages (e.g., Sawtooth)

Relatively low respondent
burden

Customer support/training
available

Methods are less transparent
Can be difficult to explain to the

methods
Not sufficiently grounded in (choice)

theory

Discrete-choice
experiments
(including best–worst
scaling case 3)

A theory driven approach to
estimating preferences and
predicting choice that presents
respondents with multiple tasks of
two or more profiles (with or
without an opt-out/status quo) from
which they choose the best (or best
and worst) option in each task

Most common stated-
preference method

Solid theoretical base and
established good research
practices

Short courses and training
commonly available

Explores tradeoffs across
attributes

Relatively burdensome to respondents
who may simplify their decision
rules when answering

Difficult to construct experimental
designs

Difficult to analyze often requiring
specialist software

Best–worst scaling
(cases 1 and 2)b

A relatively simple and natural
approach where respondents
choose the best and worst items
within tasks presenting repeated
subsets (4–5) of objects (case 1) or
attribute/level across multiple
product profiles (case 2)

Relatively simple catalogue
designs

Software available
Analysis can use simple

summing or complex
probability techniques

Can explore priorities (case 1)
or preferences (case 2)

Questions persist about theoretical
foundations

Uncertainty about the ability to
predict consumer choice (unless
additional questions askedc)

Can get repetitive for some if many
objects/attributes

Direct elicitation Asks respondents to choose directly
from 2 or more treatments where
tradeoffs may be explored but it
may not be possible to identify the
importance of individual attributes

Most similar to clinical
decisions

Low burden on respondents
Direct way of predicting actual

treatment decisions

Can explain what people choose, but
often not what factors drove their
choice of an option

Sensitive to framing effects and other
potential biases

Tradeoff techniques An experimental approach that
compares two treatment options,
but where one of the attributes is
systematically varied to see when
people might change

Relatively simple to answer
Similar approach to

willingness to pay and
standard gamble

Can explore (limited) tradeoffs
that patients make

Can only explore one tradeoff at a
time

Sensitive to framing effects and other
potential biases

Lack of guidelines on how to use the
method

BWS, best–worst scaling.
aBridges et al. [48] provides an introduction to self-explicated methods and shows it value over simple rating and ranking techniques.
bCheung et al. [49] provides both examples of the types (i.e., cases) of BWS and a review of the literature using these methods.
cHollin et al. [50] demonstrate how one can modify a best–worst scaling task to also ask respondents ‘if the product profile was real’ would you use it or
purchase it.
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stated-preference methods. There is a need for addi-
tional standards and good research practice reports
that are agnostic to the research question, perspec-
tive, and method. To attain this we need to think
beyond theoretical and methodological questions
and consider input from all stakeholders, especially
the decision-makers that we want to influence and
the people that we want to survey.
CONCLUSION

As seen above there are multiple methods to study
patient preferences in varying contexts. Rheumatol-
ogist not only need to become comfortable with
involving patient preferences research to inform
clinical decision-making, but need to be comfort-
able with understanding the patient perspective
 Copyright © 2019 Wolters Kluwe
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from a global view. For example, cancer immuno-
therapy drugs designed for improved survival with
various cancers now have an unintended conse-
quence of autoimmunity that will need to be under-
stood from the perspectives of regulators, clinical
trialists, and patients. Using novel patient prefer-
ence methods can start to unravel these difficult
health system problems.
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 CURRENT
OPINION Updates in crystal deposition diseases

Sara K. Tedeschi

This year’s review on crystal deposition diseases
covers advances in diagnostic methods, genetic
associations and clinical treatment of this common
group of arthritides. Novel technologies for detect-
ing monosodium urate (MSU) and calcium pyro-
phosphate (CPP) crystals move beyond the
standard method of compensated polarize light
microscopy, with good sensitivity and specificity
especially in gout. Although febuxostat entered
the armamentarium of urate-lowering therapies
nearly a decade ago, recent trials have raised serious
concerns about cardiovascular disease risks with this
medication. A growing body of literature focused on
the patient experience with gout provides clinicians
with insight that can inform shared decision making
in gout treatment.

Historically, the gold standard for diagnosing
gout and calcium pyrophosphate crystal deposition
disease (CPPD) has required demonstration of
birefringent crystals in synovial fluid aspirate using
compensated polarized light microscopy. Even
among trained professionals, crystal identification
using compensated polarizing light microscopy can
be challenging [1]. In our first review, Zell et al.
(pp. 134–143) review mounting evidence that novel
methods for crystal identification are accurate com-
pared to compensated polarized light microscopy.
Dual-energy computed tomography (CT) scanning
and musculoskeletal ultrasound have high sensitiv-
ity and specificity in gout, and ultrasound accu-
rately identifies CPP crystal deposits. Dual-energy
CT accurately identifies CPP crystals in ex-vivo mod-
els, but studies to date have not examined in-vivo
performance. Raman spectroscopy, an analytic tech-
nique that provides a spectral fingerprint unique to
each chemically distinct crystal, is distinctly versa-
tile: it can be performed on synovial fluid aspirate or
directly on the patient’s joint without synovial fluid
aspiration (though pilot studies suggest limitations
in vivo). A recent novel adaptation of Raman spec-
troscopy enables point-of-care use with a shoebox-
sized device. Point-of-care Raman spectroscopy
demonstrated similar accuracy for identifying
MSU crystals in synovial fluid aspirate compared
to compensated polarized light microscopy, but less
concordance for CPP crystals [2]. The authors also
review an exciting new method for crystal analysis
in aspirated synovial fluid: lens-free microscopy,

which has a wider field of view than traditional
compensated light polarized microscopy and can
quantify crystal density. Unfortunately, identifica-
tion of basic calcium phosphate crystals remains
challenging with these methods. These novel crystal
identification methods have the potential to
improve gout and CPPD diagnosis, particularly in
situations when joint aspiration is unsuccessful.
However, it is worth noting that synovial fluid
aspiration currently remains a key part of crystalline
arthritis evaluation to exclude septic arthritis.

Genome-wide association studies have uncov-
ered loci associated with hyperuricemia, response to
urate-lowering therapy, inflammatory response to
MSU crystals and cardiovascular disease in gout.
Tai et al. (pp. 144–151) provide an elegant overview
of the genetic determinants of gout and discuss
possible applications for personalizing treatment
options and prognosticating disease severity. In
the past decade, common variants in ABCG2 –
which influences intestinal and renal urate trans-
port – and SCL2A9 – which influences renal urate
transport – have been established as risk factors for
hyperuricemia and gout. Recently, associations
between these variants and gout phenotypes have
been uncovered and additional risk loci have been
identified. For example, a whole-exome sequencing
study has identified newly recognized rare variants
in SLC2A9 that are strongly associated with urate
levels. The Q141K variant in ABCG2 has been linked
not only with gout, but also with tophaceous gout.
Polymorphisms in other genes affecting serum urate
have also come to light, and the authors clearly
summarize these in a table of interest. This review
also covers possible applications of gout genetics at
the bedside. Pharmacogenomics is a growing field in
gout, beginning with the identification of HLA-
B�58 : 01 as a risk factor for allopurinol hypersensi-
tivity syndrome [3]. As the authors summarize,
several studies have demonstrated that screening
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high-risk ethnic populations for HLA-B�58-01 is
cost-effective. Recent data also support associations
between polymorphisms in ABCG2 and poor
response to allopurinol.

Recent concerns about increased cardiovascu-
lar disease risk among febuxostat users are partic-
ularly relevant in light of gout pharmacogenomics;
febuxostat is often chosen over allopurinol for
patients with HLA�B-58 : 01 because of the risk of
allopurinol hypersensitivity syndrome. Bardin and
Richette (pp. 152–158) review recent data on
febuxostat and cardiovascular disease risk, and call
for re-evaluating its use – particularly in patients
with a history of cardiovascular disease. Following
the APEX and FACT trials, in which febuoxstat
users had a nonsignificantly higher incidence of
cardiovascular events, regulatory agencies have
mandated additional trials focused on cardiovas-
cular safety: FAST (ongoing), CONFIRMS (which
found no difference in cardiovascular event rates
across febuxostat 40 mg, febuxostat 80 mg or allo-
purinol users), and CARES (recently published).
CARES was a double-blind trial comparing the
cardiovascular event rate among patients with
gout and major cardiovascular disease randomized
to febuxostat or allopurinol. Study drugs were
titrated to achieve a target serum urate less than
6 mg/dl, reflecting typical practice in rheumatol-
ogy. While the primary outcome – a composite of
cardiovascular death, myocardial infarction,
stroke, and unstable angina requiring urgent revas-
cularization – did not differ between groups, risk
of cardiovascular death and all-cause mortality
were higher in the febuxostat group [4]. The Food
and Drug Administration subsequently issued a
safety warning regarding febuxostat and cardiovas-
cular safety. Bardin and Richette (pp. 152–158)
review unanswered questions related to this trial,
including the timing of deaths in relation to study
drug. They also review a recent large, prospective
cohort study that identified a trend toward
increased all-cause mortality among patients using
febuxostat for more than 3 years. Although unan-
swered questions remain, they provide suggestions
for when febuxostat should and should not be
used, in light of these data.
 Copyright © 2019 Wolters Kluwe
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This year’s issue ends with a review by Singh
(pp. 159–166) highlighting patient perspectives on
gout. Among clinicians, there is growing recogni-
tion that gout is a chronic disease. Rheumatologists
generally agree that gout patients with an indication
for urate-lowering therapy (e.g. recurrent flares,
tophi, erosions and so on) require life-long medica-
tion. However, gout patients have a range of expe-
riences, beliefs and understanding of chronic disease
in general, and of gout specifically. This review
addresses barriers to adherence to urate-lowering
therapy, including concerns about side-effects. In
this era of social media, gout patients have posed
questions in online, nonmedical forums, including
whether they should start urate-lowering therapy
and questions about medication side-effects [5]. This
and other studies underscore gaps in patient knowl-
edge about gout and its treatments, indicating areas
for future interventions. Clinicians should be aware
of the range of patient experiences with gout and
beliefs about gout and chronic medication use to
improve shared decision making, leading to better
long-term outcomes in gout patients.
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 CURRENT
OPINION Diagnostic advances in synovial fluid analysis and

radiographic identification for crystalline arthritis

Monica Zell�, Dawen Zhang�, and John FitzGerald

Purpose of review
The present review addresses diagnostic methods for crystalline arthritis including synovial fluid analysis,
ultrasound, and dual energy CT scan (DECT).

Recent findings
There are new technologies on the horizon to improve the ease, sensitivity, and specificity of synovial fluid
analysis. Raman spectroscopy uses the spectral signature that results from a material’s unique energy
absorption and scatter for crystal identification. Lens-free microscopy directly images synovial fluid aspirate
on to a complementary metal-oxide semiconductor chip, providing a high-resolution, wide field of view
(�20 mm2) image. Raman spectroscopy and lens-free microscopy may provide additional benefit over
compensated polarized light microscopy synovial fluid analysis by quantifying crystal density in synovial
fluid samples. Ultrasound and DECT have good sensitivity and specificity for the identification of
monosodium urate (MSU) and calcium pyrophosphate (CPP) crystals. However, both have limitations in
patients with recent onset gout and low urate burdens.

Summary
New technologies promise improved methods for detection of MSU and CPP crystals. At this time,
limitations of these technologies do not replace the need for synovial fluid aspiration for confirmation of
crystal detection. None of these technologies address the often concomitant indication to rule out infectious
arthritis.

Keywords
calcium pyrophosphate, crystalline arthritis, dual energy CT, monosodium urate, synovial fluid analysis

INTRODUCTION

Demonstration of monosodium urate (MSU) and
calcium pyrophosphate (CPP) crystals in synovial
fluid using compensated polarized light microscopy
(CPLM) has been the primary method of diagnosing
gout and calcium pyrophosphate deposition disease
(CPPD) since 1969. However, CPLM is infrequently
available at point-of-care, particularly outside of
rheumatology clinics. User experience and other
factors affect the sensitivity and specificity of the
methodology, particularly for the smaller, less
birefringent CPP crystals. Basic calcium phosphate
(BCP) crystals cannot be visualized using CPLM, and
reliable methods for identifying them are lacking.
Newer methodologies of synovial fluid analysis,
including Raman spectroscopy and lens-free micros-
copy, may improve detection of microscale crystals
in synovial fluid aspirates. Ultrasound and dual
energy CT are noninvasive methods for identifying
evidence of MSU crystals and data on utility for
identifying CPP crystals are emerging.

SYNOVIAL FLUID PREPARATION FOR
ANALYSIS BY COMPENSATED
POLARIZED LIGHT MICROSCOPY

Synovial fluid analysis is ideally performed using
freshly aspirated synovial fluid and examination
within 24 h, allowing for observation of intracellular
crystals by minimizing cellular decay [1]. However,
several studies and a small systematic review [2]
have evaluated the impact of synovial fluid storage
methods and duration on the stability of MSU and
CPP crystal number and morphology [3–9]. These
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KEY POINTS

� Delay in synovial fluid analysis up to 3 days does not
hinder crystal detection.

� MSU and CPP crystal detection by CPLM remains
challenging even by highly motivated and trained
individuals.

� Novel methods for crystal detection are being
developed that may enable point-of-care diagnosis.

� Ultrasound and DECT are highly specific for crystal
deposition.

� Sensitivity of ultrasound and DECT to detect urate
deposition is dependent on duration and burden
of disease.

Diagnostic methods for crystalline arthritis Zell et al.
concluded that crystal concentration is better pre-
served with frozen or refrigerated samples than at
room temperature over extended periods of time
[5,8]. Crystal morphology is stable and false-positive
crystallization generally does not occur [3]. Crystals
are stable at room temperature if examined within
1–3 days [4,9]. This is clinically relevant when a
synovial fluid sample is initially tested for infection
but not crystal analysis; if gram stain and culture are
negative, crystal analysis may be requested in the
subsequent days. Storage of synovial fluid in vials
containing anticoagulants (e.g. heparin or EDTA)
provides no benefit in crystal preservation. Sensitiv-
ity of MSU [10] and CPP [11] crystal analysis in
aspirates with low leukocyte counts can be
enhanced by first centrifuging or cytospinning the
aspirate to concentrate the particular matters.
COMPENSATED POLARIZED LIGHT
MICROSCOPY

McCarty and Hollander [12] first introduced CPLM
as a method to visualize MSU and CPP [13] crystals
in synovial fluid, which has remained the primary
technique for the diagnosis of crystal-induced
arthropathies over the last 50 years. Recent reviews
[14,15] and guidelines [16–18] still consider MSU
and CPP crystal identification the gold standard
practice for the diagnosis of gout or CPPD, respec-
tively. However, multiple reports suggest that CPLM
has variable reliability as a diagnostic tool in the
clinical setting [19,20], with poor inter-rater reliabil-
ity [21–24], sensitivity, and specificity [25], particu-
larly for the identification of CPP crystals, which are
smaller and less birefringent than MSU crystals.
Some of these difficulties stem from inherent chal-
lenges of the microscopic system itself. For example,
the concentration of crystals necessary for CPLM
 Copyright © 2019 Wolters Kluwe
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detection may be higher than clinically relevant in-
vivo crystal concentrations [25]. CPLM visualizes
crystals larger than 1 mm, meaning it may not detect
very small crystals [26,27]. MSU crystals are typically
10 mm in length (range 1–20 mm) [28]. CPP crystals
are smaller with median length of 3.7 mm for rods
(range 1–10 mm) and for rhomboids, median
lengths of long and short diagonals of 3.0 and
2.4 mm [29]. In the case of CPP crystals, identifica-
tion by CPLM is further challenging as up to 20%
may be nonbirefringent [30]. Experience with CPLM
plays a large role, as one study demonstrated that
accuracy of CPLM interpretation improves with
examiner training [31], supporting the call for fur-
ther synovial fluid analysis training for rheumatol-
ogy trainees and professionals [32]. Although many
of the above reports are from over 10 years ago, a
recent study by Berendsen et al. [33]. highlighted the
lack of progress in examiner competence in CPLM
crystal identification. One hundred and ten highly
motivated participants (rheumatologists, laboratory
technicians, rheumatology trainees, and other
physicians worldwide) with interest in crystal arthri-
tis and diagnosis completed an online test of their
ability to interpret CPLM images. Participants were
asked to identify 30 images photographed from
pathognomonic slides containing different types
of crystals or artifacts. The primary outcome, which
was the correct identification of all eight MSU and
all eight clinically important non-MSU images, was
achieved by only 39%. Although the correct identi-
fication of all MSU images was achieved by 81%,
only 68% correctly identified all CPP crystals.
Although this study did not test the participants’
real-time microscopy and synovial fluid handling
skills, these results underscore the persistent gap in
crystal identification proficiency using CPLM.
ALIZARIN RED STAINING

There remains a lack of any reliable method for the
detection of BCP crystals. Because of submicroscopic
size (typically less than 1 mm as individual crystals),
the amorphous appearance of BCP clumps easily
mistaken for artifacts or debris, and their nonbire-
fringence, CPLM is an inadequate method for BCP
crystal detection [34]. Alizarin red staining is a long-
known technique [35] that uses the formation of a
red chelation complex between calcium and alizarin
to detect calcium-containing compounds. However,
different calcium-containing compounds cannot be
distinguished by the staining, thus CPP and BCP
crystals must be discriminated based on morpho-
logic aspects. Although the sensitivity of Alizarin red
staining depends on both the pH of the solution and
concentration of the dye, there is considerable
r Health, Inc. All rights reserved.
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overlap in the optimal pH and dye concentration
ranges for CPP and BCP detection [34,36]. Alizarin
red dye must be freshly prepared to the appropriate
concentration and pH before it can be added to the
synovial fluid sample, complicating the practical use
of this technique.
RAMAN SPECTROSCOPY

Raman spectroscopy is a powerful analytic tool with
ample research and biologicapplications because of its
capacity to measure the chemical composition of a
sample with 100% specificity [37]. The technique
utilizes the principal that each material has an inher-
ent absorption and light scatter when exposed to
energy, producing a unique signature or ‘Raman spec-
trum’. Raman spectroscopy can be performed in vivo,
without synovial fluid aspiration, or ex vivo on syno-
vial fluid aspirates. Although Raman spectroscopy was
first used in a research setting to identify MSU [38] and
CPP [39] crystals utilizing laborious methods, Akkus
etal.haveadvancedtheuseof this technique towardsa
more clinically feasible approach to MSU and CPP
crystal detection [40,41,42

&

]. To achieve this goal, they
developed a protocol to improve crystal extraction by
digesting hyaluronic acid and organic debris in syno-
vial fluid, allowing for a concentrated target of crystals
for ‘point-and-shoot’ Raman spectroscopy rather than
extensively searching for individual crystals [40]. The
group then laid the foundation for bringing Raman
spectroscopy from the research bench to the clinic by
developing a disposable syringe-filtration technique
for crystal isolation and concentration; downsizing
the system to a less expensive, shoebox-sized appara-
tus; and developing an automated data acquisition
and processing protocol for the spectral identification
of crystals [41]. The novel shoebox-sized point-of-care
Raman spectroscopy system (POCRS) can detect MSU
and CPP crystals at clinically relevant concentrations
of 0.1 and 1 mm/ml, respectively.

Akkus et al. [42
&

] recently evaluated the perfor-
mance of their POCRS technique compared to CPLM
for the detection of MSU and CPP crystals in 174
synovial fluid samples (see Fig. 1). Presence or
absence of characteristic spectral peaks for MSU
and CPP was used to determine the presence or
absence of these crystals using POCRS. The study
found notably high overall concordance between
POCRS and CPLM (89.7%), with stronger agreement
for the detection of MSU crystals than for CPP crystals
[k coefficients (95% CI) of 0.84 (0.75–0.94) and 0.61
(0.42–0.81), respectively]. However, eight MSU-pos-
itive samples were detected by CPLM but not POCRS,
which were confirmed as POCRS false-negative find-
ings by research-grade (nonpoint-of-care) Raman
spectroscopy. POCRS was better at detecting CPP
 Copyright © 2019 Wolters Kluwer H
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crystals than CPLM: 22 CPP-positive samples were
identified by POCRS versus 12 by CPLM, with only
one POCRS false negative. Akkus et al. [43] concluded
that POCRS should not be a replacement for but in
conjunction with CPLM, particularly in situations
where a trained microscopist is not available or when
there is high index of suspicion but ambiguity in
crystal identification; a recent systematic review also
recommended this strategy. Rosenthal and Pascual’s
[44] editorial of the study elegantly reviewed some of
the method’s potential advantages, including the
ability to measure crystal concentrations in synovial
fluid and increased accuracy of crystal identification
leading to more accurate diagnoses. Currently, little
is known about the relationship between crystal con-
centration and clinical presentation of crystal
arthropathies, thus POCRS has the potential to
enhance our understanding of a potential relation-
ship. However, POCRS does not provide information
on whether crystals are intracellular (phagocytosed
by white blood cells) or extracellular because of the
processing technique.

Rosenthal and Pascual [44] also highlighted
some of the shortcomings of POCRS and areas for
future research. Although no BCP crystals were
detected in this study of POCRS, Rosenthal and
Pascual postulated that they should be detectable
by this method, potentially by modifying the syno-
vial fluid sample preparation. Current limitations of
this methodology include the multistep procedure
for synovial fluid sample preparation prior to
POCRS, and unclear cost and clinical feasibility.
Finally, further comparison of POCRS results with
conventional confirmatory crystal identification
methods will be useful.

Two recent pilot studies examined the ability of
Raman spectroscopy to detect MSU crystals in vivo
from the first metatarsophalangeal (MTP) joint
using a noninvasive technique in which the Raman
spectroscope was placed on the ground to image the
medial aspect of the first MTP joint [45,46].
Although both studies reported detection of several
known MSU spectral peaks in known gout patients,
there was significant noise interference and overlap
with peaks found in healthy controls, and logistical
barriers with the noninvasive method. For example,
Raman spectroscopy was unable to evaluate the
dorsal aspect of the first MTP joint because of patient
and equipment positioning, and therefore false-neg-
ative results in gout patients may have been because
of inability to assess all aspects of the first MTP.
LENS-FREE MICROSCOPY

Lens-free on-chip microscopy has developed over
the past decade as a novel detection method with
ealth, Inc. All rights reserved.
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FIGURE 1. Point-of-care Raman spectroscopy. The point-of-care Raman spectroscopy (POCRS) system consists of two parts: a
syringe microfiltration kit for isolating and collecting arthritic crystals from synovial fluid (a–c) and a shoebox-sized
optoelectromechanical system for acquiring diagnostic signals (d and e). To use the system, synovial fluid is loaded in a glass
vial with digestive enzymes (a). After 30 min of digestion at 4088C, the uric acid–supplemented buffer (b) is used to dilute the
digested synovial fluid. Following dilution, the synovial fluid is transferred into a standard syringe (c) and pushed through the
disposable microfiltration cartridge for crystal collection. After microfiltration, the cartridge is directly inserted into the
optoelectromechanical system (d) for diagnostic signal acquisition (e) [42&].
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numerous emerging applications in global health,
environmental fieldwork, and medical point-of-
care settings [47–49]. The lens-free platform setup
positions a transparent body fluid sample above
a complementary metal-oxide semiconductor
(CMOS) image sensor. The minimal sensor-to-sam-
ple distance results in a field of view (FOV) multiple
orders of magnitude larger than a conventional
lens-based microscope, allowing greater efficiency
through analysis of a single digital image rather
than the need to resample multiple CPLM small
FOV. A hologram of the diffracted light pattern
from the sample is taken in by an image sensor that
utilizes reconstruction algorithms to generate an
image of the sample [50]. For the analysis of birefrin-
gent crystals, a circular polarizer, l/4 retardation
plate and linear polarizer are added to the setup
(Fig. 2). This polarized microscope can perform
wide-field (�20 mm2) imaging of birefringent
objects with submicron resolution [51

&

]. The recon-
structed holograms show images of MSU and CPP
crystals (Fig. 3). The inexpensive platform and high-
resolution wide FOV provides potential advantages
over traditional CPLM including point-of-care
implementation.
 Copyright © 2019 Wolters Kluwer H

FIGURE 2. Schematic set-up of lens-free polarized microscop
polarized microscopy. (b) Design of the polarization in this system
through a left-hand circular polarizer, the birefringent sample, a l

sensor. The orientations of the polarizing components are illustrat
between components are illustrated with green arrows [51&].
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OTHER METHODS OF CRYSTAL
IDENTIFICATION

Fourier transform infrared spectroscopy (FTIR) and
x-ray diffraction are definitive methods for crystal
characterization [52]. However, because of high
cost, complex instrumentation, and limited avail-
ability outside the research setting they have limited
clinical utility. Both techniques exploit the concept
that each crystalline material possesses a unique
material signature that can be elicited; FTIR evokes
a crystal’s inherent infrared wavelength absorption
pattern, whereas x-ray diffraction identifies a crys-
tal’s characteristic diffraction pattern of incident
radiograph. Although these methods were originally
included in McCarty’s diagnostic criteria for CPPD,
they are not in regular use [53].
ULTRASOUND EVALUATION OF
CRYSTALLINE ARTHROPATHY

Ultrasound has become a valuable tool for the iden-
tification of MSU and CPP crystals. Crystalline depo-
sition reflects ultrasound waves more intensely than
surrounding soft tissues creating several unique
ultrasound findings. Some of these findings have
ealth, Inc. All rights reserved.

y. (a) Schematic setup of lens-free differential holographic
. The light, which is propagating from top to bottom, passes
/4 retarder film, a linear polarizer and reaches the image
ed with red arrows, and the polarization states of the light
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FIGURE 3. High-resolution wide-field of view (FOV) images of monosodium urate crystals using lens-free microscopy. (a) The
full FOV of the lens-free polarized image is 20.5 mm2, approximately 2 orders of magnitude larger than the FOV of a typical
40�microscope objective lens (see yellow dashed circle). (b) A subregion showing the lens-free polarized image. Crystals
oriented along the 458 axis (see orientation guide in the bottom left) appear brighter than the background, and those along
the 1358 axis appear darker. (c–e) Lens-free gray scale differential image of three ROIs taken from (b). (f–h) Pseudo-colored
images of (c–e) to approximate familiar CPLM images. (i–k) 40�0.75 numerical aperture CPLM images of the same regions
as (f–h). White arrows: crystals that result in a weak signature have better contrast in the lens-free pseudo-color images (f,g)
than the CPLM images (i,j). Yellow arrows: thick MSU crystals in the lens-free pseudo-color image (h) have hollow
appearances, slightly different from the CPLM image (k) [51&].
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high sensitivity and specificity for either MSU or CPP
crystals. The double contour sign (DCS) is a hyper-
echoic band over the superficial margin of cartilage
(Fig. 4) and had good sensitivity (60.1%) and high
specificity (91.3%) compared to gold-standard pres-
ence of MSU crystals identified by CPLM of synovial
fluid aspirate in a recent large multicenter study
[55

&&

]. Although there are other ultrasound findings
suggestive of MSU deposition, DCS is the only ultra-
sonographic imaging gout sign recognized in the
2015 ACR/EULAR gout classification criteria [16].

Other studies have also supported high specific-
ity (90% range) for DCS [56–58]. However, in
patients with gout for less than 2 years, sensitivity
(50%) is lower than for patients with established
disease at least 2 years duration (63%). Still, even in
patients with recent disease onset, the positive pre-
dictive value (79%) and negative predictive value
(77%) for DCS is good [55

&&

]. One study noted the
median disease duration was 3.5 years in patients
with a DCS. Other findings that are useful include
ultrasound findings of tophus (presence of a hyper-
echoic, heterogeneous lesion surrounded by an
anechoic rim) and ‘snowstorm’ appearance [55

&&

].
 Copyright © 2019 Wolters Kluwe
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CPP crystal intra-hylalan or fibro cartilage depo-
sition can be distinguished from MSU crystal more
superficial hyalan cartilage deposition. The OMER-
ACT CPPD Ultrasound Task Force described good
intra-reader reliability (k¼0.81) and moderately
good inter-reader reliability (k¼0.66) across various
joints [59] with better agreement for the hyaline
cartilage and menisci of the knee than other struc-
tures of the knee (e.g. synovial fluid or tendon) or
other joints (e.g. wrist) [60]. From this effort, they
created an atlas to describe the locations (hyaline
and fibrocartilage, tendon, and synovial fluid) find-
ings for CPP deposition in those regions [59]. Com-
pared to conventional radiography (CR), ultrasound
detection of CPP deposits has yielded equal or
higher sensitivity (60–100%) and similar specificity
(85–100%) in wrists, knees, and hips with CPP
crystals in synovial fluid as a gold standard [61–
64]. Ogdie et al. [55

&&

] reported excellent specificity
(92.9%) for the DCS for crystal-proven gout com-
pared to crystal-proven CPPD arthropathy controls.
However, Löffler et al. [65] reported that it was
difficult to distinguish between MSU and CPP depo-
sition at the knees and ankles.
r Health, Inc. All rights reserved.
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FIGURE 4. Ultrasound image of double contour sign. (a) Double contour sign at the femoral condyle (arrowheads). (b) Double
contour sign (arrowheads) at the metacarpophalangeal joint. Reproduced with permission [54].

Crystal deposition diseases
Tendon and ligament MSU deposition are also
commonly imaged by ultrasound. Naredo et al.
described 133 patients (91 with gout, 42 with con-
trols) that the MTP1 (57.1%), patello-femoral (intra-
articular femoral condyle surface; 41.8%), radiocar-
pal (38.5%), mid-carpal (28.6%), and knee (25.3%)
were the most frequently affected articular surfaces
with MSU deposition. Patellar tendon (60.4%), tri-
ceps tendon (47.3%), quadriceps (38.%), and Achil-
les (34.1%) were the most common tendons for MSU
deposition [66]. The authors went on to note that
imaging beyond the symptomatic joint may
increase diagnostic yield. CPP deposition has been
reported in the Achilles tendon and plantar fascia
with ultrasound as well [67,68].
DUAL ENERGY CT

In place of a single energy source as used in conven-
tional CT, DECT uses two different energies (80 or
100 kV and 140 kV) at orthogonal angles to each
other to gather unique attenuation profiles for tar-
gets with varying densities. With postprocessing
 Copyright © 2019 Wolters Kluwer H
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software, low-density urate deposition can be differ-
entiated from other denser materials such as cal-
cium based on spectral profiles. DECT has been
widely studied in gout, although distinct postpro-
cessing software packages have been developed for
MSU and CPP crystals. The software assigns different
color-codes to materials with different spectral pro-
files, and presents three-dimensional renderings
where volume of urate deposition can be calculated
(see Fig. 5).

Automated volumetric quantification of MSU
by software results in very high inter-observer and
intra-observer reliability with interclass correlation
coefficient (ICC) 0.95–1.00 [70,71]. Compared to
gold standard MSU identification by CPLM in syno-
vial fluid, DECT sensitivity ranges from 78 to 100%
with a specificity between 76 and 93% [72–75]. As
with ultrasound, sensitivity is lower in patients with
recent onset gout [72,75]. The sensitivity for detec-
tion of MSU is lower in nontophaceous gout com-
pared to tophaceous gout [76], which may partially
explain the greater sensitivity in patients with long-
standing disease. False negatives also occur in lower
ealth, Inc. All rights reserved.
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FIGURE 5. Dual-energy CT 3D image and quantification of
monosodium urate deposition. Dual-energy CT with three-
dimensional reconstruction of the bilateral feet showing large
green color mapping areas involving multiple joints,
tendons, and soft tissue suggestive of monosodium urate
crystals forming tophi. Approximate volume: 13.46 cm3.
Reproduced with permission [69].
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density targets including MSU positive synovial
fluid or bursitis with soluble MSU ‘liquid tophus’
[77]. By correlating DECT with histology, it has been
demonstrated that early stage, unconcentrated
tophi may be missed by DECT [78]. The limit of
detection of DECT is frequently at less than 2 mm, so
false negatives may occur as microscopic tophi may
be missed in the voxel [79].

DECT has been able to image rare locations of
urate deposition. A case report described a patient
with lumbar radicular symptoms who had extensive
tophi seen on DECT in the lumbar intervertebral
discs, posterior column, and facet joints. This was
confirmed with positive MSU on histology after
laminectomy and surgical removal of tophi [80].
Another case report noted a patient with cord com-
pression of a thoracic vertebrae, with improvement
of paraparesis after several months of urate lowering
 Copyright © 2019 Wolters Kluwe
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therapy [81]. Other novel areas of interest for detec-
tion of urate by DECT include the costal cartilages,
intervertebral discs, sacroiliac joints, and coronary/
aortic vasculature [82–84]. However, Bongartz et al.
reported false-positive DECT signals in patients with
severe knee osteoarthritis, and therefore confirma-
tion with future studies is needed to determine if
these locations truly represent urate deposition or
imaging artifact [72].

A limitation to the widespread use of DECT as
tool for routine identification of MSU crystals is that
DECT scanners are not widely available. To over-
come lack of access to hardware, single source DECT
with rapid switching between the 80/100 and
140 kV energies has been studied, but its experience
in gout has been limited to date [85].

The ability of DECT to identify CPP crystals has
been studied in a radiographic phantom and ex-
vivo meniscus specimens; in-vivo studies have not
been published to date. In a small study involving
subjects undergoing total knee arthroplasty, com-
pared to gold standard CPP crystal identification in
synovial fluid, DECT had a greater sensitivity than
conventional radiography (77.8 vs. 44.4%) for
CPPD detection. Another study found CPPD on
DECT colocalized with CPPD on meniscal histology
[86]. A case report and a phantom model
reported the ability of DECT to distinguish between
urate and CPPD, but this requires further study
[87,88].
CONCLUSION

CPLM of synovial fluid has been the unchallenged
diagnostic method for detecting MSU and CPP crys-
tals for 60 years, although alternative methods are
gaining scientific validity. Both improved methods
of synovial fluid analysis (Raman spectroscopy and
lens-free microscopy) and noninvasive methods
(ultrasound, DECT, and in-vivo Raman spectros-
copy) show significant promise. Ultrasound, Raman
spectroscopy, and lens-free microscopy are rela-
tively inexpensive and could be used for point-of-
care diagnosis. However, challenges remain. Ultra-
sound and DECT are sensitive to sufficient crystal
deposition but are less sensitive when needed most
(e.g. first clinical presentation of an inflammatory
mono-arthritis suspicious for crystalline arthritis).
None of these methods currently address the con-
comitant need to rule out infectious arthritis, but
Raman spectroscopy and lens-free methodologies
could potentially be adapted to address this need.
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 CURRENT
OPINION Genetic advances in gout: potential applications

in clinical practice

Vicky Taia, Tony R. Merrimanb, and Nicola Dalbetha

Purpose of review
Many novel genetic associations in the field of hyperuricaemia and gout have been described recently.
This review discusses advances in gout genetics and their potential clinical applications.

Recent findings
Genome-wide association studies have identified approximately 30 serum urate-associated loci, some of
which represent targets for drug development in gout. Some genes implicated in initiating the inflammatory
response to deposited crystals in gout flares have also been described. In addition, genetic studies have
been used to understand the link between hyperuricaemia and other comorbidities, particularly
cardiometabolic diseases. ABCG2 has been established as a key genetic determinant in the onset of gout,
and plays a role in the progression and severity of disease. Recent pharmacogenetic studies have also
demonstrated the association between ABCG2 and poor response to allopurinol, and the link between
HLA-B�58:01 genotype and adverse drug reactions to allopurinol.

Summary
Advances in gout genetics have provided important molecular insights into disease pathogenesis, better
characterized the pharmacogenetics of allopurinol, and raised the possibility of using genetic testing to
provide personalized treatment for patients. Prospective studies are now needed to clarify whether genetic
testing in gout provides further benefit when added to established clinical management.

Keywords
ABCG2, genetics, gout, HLA-B�58:01, pharmacogenetics

INTRODUCTION

The familial nature and heritability of elevated
serum urate concentrations (hyperuricaemia) and
gout have long been recognized [1]. However,
until the turn of the 21st century, knowledge of
the roles of specific genes in the pathogenesis of
hyperuricaemia and gout was limited to those asso-
ciated with rare monogenic metabolic and renal
disorders. These include mutations in genes encod-
ing enzymes involved in purine metabolism which
result in overproduction of urate, mutations leading
to excessive cell death and urate generation (such as
the glycogen storage diseases), and mutations that
lead to reduced renal excretion of urate [2]. Such
monogenic disorders usually present at a young age
and are associated with nonarticular clinical fea-
tures, including neurological impairment, growth
retardation, and kidney disease. In the past decade,
advances in genotyping technologies have enabled
genome-wide association studies (GWAS) into the
complex genetics underlying common gout. These
genetic discoveries have the potential to be trans-
lated into the clinic, advancing current practice in

diagnosis, prognosis, and management of gout. This
review will discuss the recent discoveries in the
genetics of common gout, with a focus on pathways
into clinical practice.

GENETICS OF URATE CONTROL

Hyperuricaemia has long been considered a key step
in the pathogenesis of gout [3]. Recently, an indi-
vidual participant data analysis further established
serum urate as a strong nonlinear concentration-
dependent predictor of clinically evident gout. This
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KEY POINTS

� GWAS have identified around 30 serum urate-
associated loci, many of which encode renal or gut
urate transporters.

� Genes involved in activating the NLRP3 inflammasome
and amplifying the NLRP3 inflammatory process have
been associated with increased risk of gout.

� The ABCG2 Q141K variant predicts earlier onset of
gout, severity of disease (development of tophi), and
poor response to allopurinol.

� Testing for HLA-B�58:01 is cost-effective and reduces
the incidence of AHS in some Asian populations.

� Prospective studies are needed to determine whether
testing for genetic variants implicated in
hyperuricaemia and gout will improve patient outcomes
when added to established clinical management.
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study showed that compared with baseline serum
urate less than 6 mg/dl, the adjusted hazard ratio for
baseline serum urate 6.0–6.9 mg/dl was 2.7, for 7.0–
7.9 mg/dl was 6.6, for 8.0–8.9 mg/dl was 15, for 9.0–
9.9 mg/dl was 30, and for at least 10 mg/dl was 64 [4].
The role of serum urate in gout pathogenesis has
focused interest in identifying genes implicated in
the control of urate levels, primarily by GWAS.
Köttgen et al. [5

&&

] have conducted the largest GWAS
in serum urate to date. This GWAS involved over
110 000 individuals from a European population
and discovered 28 serum urate-associated loci of
genome-wide significance, 10 of which had previ-
ously been reported in smaller GWAS. Many of the
identified loci include genes encoding renal and gut
urate transporters, for example, SLC2A9, ABCG2,
SLC17A1, SLC22A11, SLC22A12, and the auxiliary
molecule PDZK1, which together form a renal urate
transportasome (Fig. 1). Among these, SLC2A9 and
ABCG2 have the strongest effect on serum urate
levels. SLC2A9 encodes GLUT9, a transporter that
mediates renal urate reabsorption at the proximal
tubular cell basolateral membrane [7]. ABCG2 enc-
odes ABCG2/breast cancer resistance protein, a high
capacity plasma membrane urate efflux transporter
that acts primarily by promoting small intestinal
secretion of urate [8]. ABCC4, a gene encoding
MRP4, another efflux pump for urate, has been
shown to increase the risk of hyperuricaemia and
gout in individuals of Polynesian ancestry living in
New Zealand [9

&

]. Recently, a large-scale whole
exome sequencing association study found several
uncommon variants in SLC22A12 (encoding the
apical urate exchanger URAT1 in the proximal
tubule) to be strongly associated with serum urate.
 Copyright © 2019 Wolters Kluwe
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The variants with strongest effect were associated
with lower serum urate levels, and functional char-
acterization has confirmed three loss-of-function
variants (R325W, R405C, and T467M) [10

&

]. These
findings are consistent with the established role of
SLC22A12 in hypouricaemia [11]. Identification and
characterization of these urate transporter-contain-
ing loci has provided greater insight into the disease
mechanism of gout and helped identify potential
new therapeutic drug targets. Table 1 summarizes
the most important of these genes studied to date.

Apart from the urate transporter loci, the path-
ways influenced by the remaining loci identified in
Köttgen et al.’s [5

&&

] GWAS remain uncharacterized
with several loci located within or near genes that
encode transcription factors and growth factors.

URATE IS KEY TO THE DEVELOPMENT
OF GOUT

The majority (24/28) of the serum urate-associated
loci in the Köttgen et al. GWAS [5

&&

] have also been
associated with gout, including in different popula-
tions [13]. Among these, the ABCG2 locus demon-
strates the strongest association with gout and
consequently, recent studies have focused on char-
acterizing the variants of this gene. A study in Taiwan
genotyped 45 single nucleotide polymorphisms
(SNPs) in ABCG2 and found that 24 SNPs were asso-
ciated with gout, with odds ratios ranging from 2.59
to 3.17 (all P<0.0001) [14]. Recent Japanese and
Czech Republic studies have demonstrated that both
common (Q141K, Q126X) and rare variants of
ABCG2 are associated with increased risk of gout
[15

&

,16
&

]. ABCG2-inactivating variants are known
to increase serum urate levels by causing reduced
expression of ABCG2 on cell membranes and thus,
reduced renal and gut excretion of urate [17].
GENES IMPLICATED IN THE
PROGRESSION FROM HYPERURICAEMIA
TO CLINICALLY EVIDENT GOUT

Although hyperuricaemia is essential in the patho-
genesis of gout, it is not sufficient for the develop-
ment of clinical disease. A gout flare requires an
acute inflammatory response to monosodium urate
(MSU) crystals deposited in the joint or peri-articular
tissue. The NLRP3 inflammasome is crucial for the
activation of IL-1b and setting off the inflammatory
cascade [18]. Recently, there has been growing inter-
est in the genetic factors influencing the develop-
ment of gout flare from the hyperuricaemic state,
with focus on identifying genes involved in initiat-
ing the inflammatory response to MSU crystals.

Replicated candidate gene studies have empha-
sized the role of NLRP3 inflammasome activation in
r Health, Inc. All rights reserved.
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causing gout flare. Several genes involved in
amplifying the NLRP3 inflammatory process
and increasing risk of gout have been identified,
including variants in PPARGC1B, CARD8, IL-1b,
CD14, TLR4, APOA1, APOC3, and P2RX7 [19–
24,25

&&

,26,27,28
&

]. Mitochondria have also been
implicated in the induction of an NLRP3 inflamma-
tory response, with the colocalization of compo-
nents of the NLRP3 inflammasome complex
during its assembly [29]. A recent study conducted
in Māori and Pacific people in New Zealand reported
that mitochondrial DNA copy number is reduced in
people with gout, particularly when compared with

individuals with asymptomatic hyperuricaemia,
suggesting that the reduction in copy number
may be related to the MSU crystallization and/or
the inflammatory response to deposited crystals in
gout [30

&

]. Recent experimental evidence has also
suggested that the Q141K variant of ABCG2 may be
involved in promoting the inflammatory response
to MSU crystals, possibly through inflammation
dysregulation via augmenting IL-1b release by mac-
rophages and increasing IL-8 release by endothelial
cells [31

&

]. In the future, testing for genetic variants
implicated in the inflammatory response to MSU
crystals might be used to identify hyperuricaemic

FIGURE 1. The urate transportasome. The mechanisms of urate transport in the proximal renal tubule are shown. Urate enters
the cell via apical URAT 1, OAT 4 and SLC2A9v2. Reabsorbed urate exits the cell through basolateral SLC2A9v1. Secretion
of urate into the proximal tubule lumen is mediated by ABCC4 (MRP4), NPT4, NPT1, and ABCG2. PDZK1 is a scaffolding
protein involved in assembly of a transporter complex in the apical membrane. Reproduced with permission [6].
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Table 1. Summary of most important genes implicated in hyperuricaemia and gout identified to date

Gene Protein encoded Function Genetic association with hyperuricaemia and gout

ABCG2 ABCG2 Mediates intestinal transport of urate
Also influences urate secretion in renal

proximal tubule

Multiple variants associated with serum urate levels and
risk of gout

Q141K variant implicated in the transition from
hyperuricaemia to clinically evident gout, development
of tophi in people with gout and poor response to
allopurinol

SLC2A9 GLUT9 SLC2A9v2 (located on the apical
membrane) mediates urate
reabsorption into the renal proximal
tubule

SLC2A9v1 (located on the basolateral
membrane) mediates efflux of urate
back into the circulation

Multiple common variants associated with serum urate
levels and overall risk of gout

Arg265His variant associated with development of tophi
in Māori with gout

Low frequency variants associated with hypouricaemia

SLC22A12 URAT1 Mediates urate reabsorption in the
renal proximal tubule

Common variants associated with serum urate levels and
the risk of gout

Low-frequency variants associated with hypouricaemia

SLC22A11 OAT4 Mediates urate reabsorption in the
renal proximal tubule

Common variants associated with serum urate levels and
the risk of gout

SLC17A1 NPT1 Mediates urate secretion in renal
proximal tubule

Common variants associated with serum urate levels and
risk of gout

SLC17A3 NPT4 Mediates urate secretion in renal
proximal tubule

Common variants associated with serum urate levels

PDZK1 PDZ domain
containing 1

Scaffolding protein involved in
assembly of urate transportasome

Common variant (rs1967017) associated with serum
urate levels and the risk of gout

rs1967017 alters a HNF4a binding site to influence
HNF4a-dependent expression of PDZK1 [12]

GCKR Glucokinase
regulator

Regulatory protein that inhibits
glucokinase in the liver and
pancreatic islet cells

Common variants associated with serum urate levels

Gout genetics Tai et al.
individuals who are at risk of developing gout flare.
In addition, the molecular pathways identified by
newly associated genetic variants may also serve as
novel targets to treat and prevent gout flare.

Several GWAS with gout as the primary outcome
have also been conducted in recent years. Novel loci
have been reported in such GWAS, among Han
Chinese and Japanese populations. These include
BCAS3, RFX3, KXNQ1, MYL2-CUX2, CNNIH2,
NIPAL1, FAM35A, ALDH16A1, and ALDH2
[32,33,34

&

]. ALDH2 is a crucial enzyme in alcohol
metabolism. The Glu504Lys (rs671) variant of
ALDH2 is particularly prevalent in East Asian popu-
lations and is known to decrease the activity of
ALDH2 enzyme, supporting the hypothesis that this
variant protects against gout associated with alcohol
consumption [35]. The cellular mechanisms encoded
by the remaining genes are yet to be fully uncovered.
THE LINK BETWEEN HYPERURICAEMIA
AND OTHER HEALTH CONDITIONS

Observational studies have shown that hyperuricae-
mia is associated with multiple health outcomes
in addition to gout, especially cardiovascular and
 Copyright © 2019 Wolters Kluwe
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metabolic diseases. Globally, the prevalence of
hyperuricaemia is rising and, consequently, there
has been interest in establishing whether such
observed associations are causal. A recent umbrella
review of meta-analyses of observational studies,
meta-analyses of randomized controlled trials, and
Mendelian randomization studies on associations
between serum urate levels and multiple health
outcomes found convincing evidence of a clear
association for only gout and nephrolithiasis
(among a total of 136 examined health outcomes)
[36

&&

]. In contrast, a subsequent Mendelian random-
ization phenome-wide association study (PheWAS)
demonstrated that serum urate shares genetic risk
loci with gout and related inflammatory arthropa-
thies [37

&

]. Interestingly, this study uncovered a
locus (ATXN2/S2HB3) that demonstrated pleiotro-
pic effects, with influence on both serum urate level
and multiple cardiovascular and autoimmune dis-
eases. Further studies are needed to characterize the
variants at these pleiotropic loci and whether the
associated hyperuricaemic state is causally linked
with other comorbidities. The results of such studies
may inform whether some individuals with asymp-
tomatic hyperuricaemia should be treated with
r Health, Inc. All rights reserved.
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urate-lowering therapy (ULT) to prevent develop-
ment of comorbidities.
STEPS TOWARD PRECISION MEDICINE
IN GOUT

The recent genetic discoveries from GWAS of hyper-
uricaemiaandgouthave thepotential tobe translated
to the clinic. The declining cost of genetic testing may
allow genomic approaches to be integrated with cur-
rent physical and biochemical assessments to allow
prediction of disease onset, progression and severity,
response to ULT, and to provide targeted lifestyle
advice. Understanding the genetic basis of disease
may also play a role in changing perceptions about
gout and its management.
Predicting disease onset, progression, and
severity

Although hyperuricaemia is virtually always present
before development of gout, it does not reliably
predict progression to clinical gout. Inherited genetic
variants that influence MSU crystal deposition and
resultant inflammation (discussed earlier) may play a
role in determining this risk. Research over the past
few years has established the ABCG2 gene as a key
determinant in the onset of gout and the progression
and severity of disease [38]. Stiburkova et al. [16

&

]
demonstrated that nonsynonymous allelic
variants of ABCG2 (namely, p.Q141K, p.R147W,
p.T153M, p.F373C, p.T434M, p.S476P, p.D620N,
and p.K360del) have a significant effect on earlier
onset of gout; the median age of onset among
patients with any nonsynonymous allelic variant
was 42 years, whereas among patients without these
variants the median age was 48 years. Other studies
have reported that the p.V12M variant of ABCG2 is
protective against gout across multiple population
groups [16

&

,39–41]. Studies from Taiwan and New
Zealand have also implicated the ABCG2 Q141K
variant in the development of tophi in people with
gout [40,42

&

]. A New Zealand study also reported that
the nonsynonymous SLC2A9 Arg265His variant is
associated with tophi in Māori with gout [43]. These
findings indicate that testing specific ABCG2 and
SLC2A9 variants might inform assessment of gout
risk in people with hyperuricaemia, prediction of
disease severity in those with gout, and individual-
ized decisions about the timing and intensity of ULT.
Pharmacogenetics: predicting response to
treatment

In 2015, a GWAS identified an association between
ABCG2 alleles, rs10011796 and rs2231142, and poor
 Copyright © 2019 Wolters Kluwer H

148 www.co-rheumatology.com
allopurinol response [44]. The association between
allopurinol response and ABCG2 Q141K has been
replicated in subsequent studies [45,46

&

]. Q141K is
associated with�50% loss of urate transport activity
compared to wild type ABCG2 and may act on drug
transport in the liver to decrease allopurinol
response. Recently, researchers in New Zealand have
tested an allopurinol dosing tool and demonstrated
that addition of ABCG2 Q141K genotype improves
the accuracy of a dose prediction model [47

&

].
In addition to ABCG2 variants, genetic variants

in aldehyde oxidase (AOX1) and xanthine oxidase
(XO) have been associated with allopurinol dose and
change in serum urate [48]. Replication of these
findings in large datasets using standard definitions
of allopurinol response is required to understand the
potential clinical relevance of these variants. Fur-
thermore, there is some evidence that, in people
with renal hypouricaemia, a loss of function muta-
tion in URAT1 is associated with impaired response
to the uricosurics, probenecid, and benzbromarone
[49,50].
Pharmacogenetics: predicting adverse drug
reactions to urate-lowering therapy

As well as predicting response to ULT, genetic test-
ing may be used to predict adverse effects to gout
medications. The human leukocyte antigen (HLA)
variant HLA-B�58:01 has been identified as an
important risk factor for severe allopurinol hyper-
sensitivity syndrome (AHS) across many population
groups [51]. Risk is particularly high among Han
Chinese and other Asian populations, and a pro-
spective cohort study in Taiwan has demonstrated
that screening for the HLA-B�58:01 allele, coupled
with alternative drug treatment for carriers, signifi-
cantly reduces the incidence of AHS [52

&&

,53]. In the
past year, studies exploring the cost-effectiveness of
HLA-B�58:01 genotyping before initiating allopuri-
nol have been conducted across different popula-
tions. An analysis conducted in Taiwan concluded
that HLA-B�58:01 screening is cost-effective com-
pared with prescribing an alternative ULT (e.g. benz-
bromarone, febuxostat) without prior genotyping
[54

&

]. An analysis based in the United States con-
cluded that testing is cost-effective for Asians and
African Americans, but not for people of European
or Hispanic ancestry [55

&

]. In contrast, a study con-
ducted in the United Kingdom, concluded that
routine testing for HLA-B�58:01 is not cost-effective
for the UK population but acknowledged that test-
ing is expected to become cost-effective with reduc-
tions in the cost of genotyping, and with future
availability of generic febuxostat [56

&

]. Other HLA
haplotypes predict less severe allopurinol adverse
ealth, Inc. All rights reserved.
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drug reactions, including an HLA-B�58:01 haplotype
with six SNPs in people of European (but not Poly-
nesian) ancestry prescribed allopurinol [57].

Both febuxostat and benzbromarone are
metabolized by CYP2C9 [58,59], and poor metab-
olizer alleles CYP2C9�2 and CYP2C9�3 may impact
on the elimination half-life of these drugs,
with the potential for increased risk of adverse
drug reactions. CYP2C9�3 homozygotes have a
markedly longer benzbromarone elimination
half-life [59]. The frequency of CYP2C9 poor
metabolizer alleles is substantially higher in peo-
ple of European ancestry compared with those of
Polynesian ancestry [60].
Personalized lifestyle advice

Currently, general lifestyle advice is given to people
with gout and adherence to such advice is poor [61–
63]. Recently, gene–environment interactions in
the regulation of serum urate levels and risk of gout
have been explored in genetic studies. A New Zea-
land study uncovered a nonadditive interaction of
sugar-sweetened beverage consumption with an
SLC2A9 variant in determining the risk of hyper-
uricaemia and gout [64]. Studies have also estab-
lished interaction of alcohol intake with LRP2 in
determining the risk of hyperuricaemia and gout in
people of Māori and Pacific, and Japanese ancestry
[65,66] and interaction of alcohol with GCKR in
people of European ancestry [67

&

]. Furthermore, a
genetic risk score including urate transporter genes
interacts with alcohol intake for gout risk, indicat-
ing that genetic variation may influence the risk of
gout associated with alcohol intake [68]. Testing
individuals for these genetic variants may enable
clinicians to provide personalized lifestyle advice to
engage patients and optimize control of hyperuri-
caemia and gout.
Changing perceptions about serum urate
and gout

Gout is frequently portrayed as a self-inflicted dis-
ease of lifestyle excess that requires dietary modifi-
cation as the major focus of management [69]. These
views are widely held by patients, the lay commu-
nity, and healthcare providers, and can be a source
of stigma to people with gout and a barrier to effec-
tive treatment [70,71]. A recent meta-analysis eval-
uating dietary contribution to serum urate levels in
people without gout revealed that genetic variants
explain substantially more of the variation in serum
urate levels compared with dietary patterns. In the
study, 15 food items were significantly associated
with serum urate levels, however, each of these
 Copyright © 2019 Wolters Kluwe
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foods explained less than 1% of variation in serum
urate levels. In contrast, the heritability explained
by common genetic variants was estimated to be
23.9% [72

&

]. These findings challenge the concept
that overall diet plays a significant role in serum
urate concentrations. This work highlights the
potential for genetic research to change narratives
about gout to a chronic illness with a biological basis
that can be effectively managed by ULT [73].
CONCLUSION

Rapid advances are being made in the field of gout
genetics. Recent GWAS have uncovered many loci
implicated in the development of hyperuricaemia
and gout, enabling better understanding of disease
mechanisms and identifying novel targets for drug
therapy. Studies have also identified genetic variants
that predict the onset of gout, disease progression,
response to ULT, and that interact with certain
environmental exposures to affect disease suscepti-
bility. More recently, genetic studies are beginning
to clarify the link between hyperuricaemia and
other disease states, particularly cardiometabolic
comorbidities.

There has been interest in incorporating
genetic testing into gout assessment to enable
the practice of precision medicine, whereby indi-
vidual variability in genes, environment, and life-
style is taken into account to provide targeted and
personalized therapy for patients. An example of
successful use of genetic testing is HLA-B�58:01
testing in Han Chinese populations and the con-
sequent reduction in rates of AHS [52

&&

]. However,
before testing for other genetic variants implicated
in hyperuricaemia and gout is incorporated in
routine assessment, prospective studies are needed
to determine whether such testing improves
patient outcomes when added to established clin-
ical management.
Acknowledgements

None.
Financial support and sponsorship

This work is supported by the Health Research Council of
New Zealand (grant number 14-527).

Conflicts of interest

T.R.M. has received consulting fees or grants from Ardea
Biosciences, and AstraZeneca. N.D. has received con-
sulting fees, speaker fees or grants from AstraZeneca,
Horizon, Amgen, Kowa, Takeda, Abbvie, Pfizer, and
Janssen. V.T. has no conflicts of interest.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 149



Crystal deposition diseases
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Syndenham T, Wallis G. A Treatise of the Gout and Dropsy. The Works of
Thomas Syndenham, MD. 1853; 119–162

2. Reginato AM, Mount DB, Yang I, Choi HK. The genetics of hyperuricaemia
and gout. Nat Rev Rheumatol 2012; 8:610–621.

3. Garrod AB. Observations on certain pathological conditions of the blood and
urine, in gout, rheumatism, and Bright’s disease. Med Chir Trans 1848;
31:83-97

4. Dalbeth N, Phipps-Green A, Frampton C, et al. Relationship between serum
urate concentration and clinically evident incident gout: an individual partici-
pant data analysis. Ann Rheum Dis 2018; 77:1048–1052.

5.
&&
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gout in a New Zealand Māori and Pacific population. This finding is important
because it provides further confirmation of MRP4 as a unidirectional efflux pump
for uric acid.
10.
&

Tin A, Li Y, Brody JA, et al. Large-scale whole-exome sequencing association
studies identify rare functional variants influencing serum urate levels. Nat
Commun 2018; 9:4228.

Using whole-exome sequencing, this study uncovered dozens of rare variants in
SLC22A12 and SLC2A9 to be strongly associated with serum urate levels.
The majority of rare variants in SLC22A12 were associated with lower serum
urate levels and functional characterization confirmed three as loss-of-function
variants.
11. Dinour D, Bahn A, Ganon L, et al. URAT1 mutations cause renal hypour-

icaemia type 1 in Iraqi Jews. Nephrol Dial Transplant 2011; 26:2175–2181.
12. Ketharnathan S, Boocock J, Phipps-Green AJ, et al. A noncoding genetic

variant maximally associated with serum urate levels is functionally linked to
HNF4A-dependent PDZK1 expression. Hum Mol Genet 2018;
27:3964–3973.

13. Phipps-Green AJ, Merriman ME, Topless R, et al. Twenty-eight loci that
influence serum urate levels: analysis of association with gout. Ann Rheum
Dis 2016; 75:124–130.

14. Yu KH, Chang PY, Chang SC, et al. A comprehensive analysis of the
association of common variants of ABCG2 with gout. Sci Rep 2017; 7:2.

15.
&

Higashino T, Takada T, Nakaoka H, et al. Multiple common and rare variants of
ABCG2 cause gout. RMD Open 2017; 3:000464; eCollection 2017.

This study analyzed the effects of rare and common ABCG2 variants on gout
susceptibility and found that both common (Q141K, Q126X) and rare variants of
ABCG2 are independently associated with gout.
16.
&

Stiburkova B, Pavelcova K, Zavada J, et al. Functional nonsynonymous
variants of ABCG2 and gout risk. Rheumatology (Oxford) 2017; 56:
1982–1992.

This study directly sequenced and analyzed 15 ABCG2 exons and found that
common and rare variants of ABCG2 markedly increase the risk of gout and
associate with earlier onset of gout.
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 CURRENT
OPINION The role of febuxostat in gout

Thomas Bardina,b,c and Pascal Richettea,b,c

Purpose of review
Concerns about the cardiovascular safety of febuxostat lead to reconsideration of the place of febuxostat in
the management of gout.

Recent findings
The CARES trial is a randomized controlled trial mandated by the FDA to compare the cardiovascular
safety of febuxostat and allopurinol in the management of gout. About 6190 patients with gout and major
cardiovascular disease, randomly assigned to allopurinol or febuxostat, were prospectively followed up for
a median of 32 months. No difference was noted in the occurrence of the primary end-point event, a
composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or unstable angina with
urgent revascularization, but cardiovascular death was significantly more common in the febuxostat group
(4.3%) as compared with the allopurinol group (3.2%) (P¼0.03).

Summary
Present guidelines on the management of gout should be revised in view of recent findings. Allopurinol
could be recommended as the sole first-line urate-lowering drug (ULD) in patients with no contraindication.
In patients contraindicated to allopurinol, uricosurics could be preferred to febuxostat as first-line ULDs in
patients with cardiovascular disease/risk factors and no history of uric acid stones.

Keywords
allopurinol, cardiovascular disease, febuxostat, gout management, uricosurics

INTRODUCTION

The approval of febuxostat in 2009 has enriched the
choice of drugs that clinicians can use to treat the
hyperuricemia of gout. It also reduced the number of
patients refractory to available oral urate-lowering
drugs (ULDs). American College of Rheumatology
(ACR) gout management guidelines recommend
either allopurinol or febuxostat as first-line urate-
lowering therapy, and the European League Against
Rheumatism (EULAR) guidelines recommend
febuxostat as a second-line therapy for patients that
do not tolerate allopurinol [1,2]. Recent findings
raised concerns about the risk of cardiovascular
events among patients using febuxostat, leading to
reevaluation of its place among oral ULDs used for
gout management.

COMPARISON OF ALLOPURINOL AND
FEBUXOSTAT

Pharmacology

Febuxostat reduces uric acid production by its potent
and selective inhibition of both forms of xanthine
oxidase. Itnoncompetitivelyblocks the activity of the
two enzyme forms by binding to their active site [3],

whereas oxypurinol, the active metabolite of allopu-
rinol, acts as a competitive inhibitor of the sole-
reduced form of the xanthine oxidase enzyme.
Febuxostat is a 2-arylthiazole derivative, which has
no effect on purine synthesis, whereas allopurinol is
structurally related to purines and decreases purine
synthesis in patients with normal hypoxanthine gua-
nine phosphoribosyl transferase activity. The oral
absorption and half-lives of febuxostat and allopuri-
nol allow for their oral prescription once a day [3,4].
About 49% of febuxostat-administered dose is recov-
ered inurine and 45% in feces [3].No dose adjustment
of febuxostat is necessary for elderly patients or for
patients with mild or moderate renal impairment
(creatinine clearance 30–89 ml/min) ormild-to-mod-
erate liver impairment (Child–Pugh class A or B). In
patients with creatinine clearance below 30 ml/min,
febuxostat is not approved, although it could retain
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KEY POINTS

� Febuxostat is a powerful hypouricemic drug that has
reduced the number of gout patients refractory to
oral ULDs.

� The CARES study has amplified concerns about the
cardiovascular safety of febuxostat.

� The place of febuxostat in the management of gout
must be reconsidered: febuxostat cannot be any longer
a first-line ULD.

The role of febuxostat in gout Bardin and Richette
its activity and tolerance according to recent short
retrospective studies [5

&

,6,7]. About 80% of allopuri-
nol is excreted in the urine, most of it in the form of
oxypurinol [4], which accumulates in patients with
chronic kidney disease (CKD); this seems to predis-
pose to severe cutaneous adverse reactions (SCARs)
and led to recommend limitation of allopurinol dos-
age in CKD patients [8]. The renal urate transporter 1
(URAT 1) is involved in the tubular reabsorption of
oxypurinol [9], and uricosurics, by inhibiting URAT 1,
increase renal excretion of oxypurinol [10]. As
febuxostat is not a purine, uricosurics have no
effect on its plasma concentration, and febuxostat–
uricosuric combination is believed to be particularly
effective.
Efficacy

Febuxostat is a powerful ULD, as demonstrated by the
allopurinol- and placebo-controlled, efficacy study of
febuxostat (APEX), febuxostatversusallopurinolcon-
trolled trial (FACT), and CONFIRM randomized con-
trol trials (RCTs) [11–13]. At the doses of 80 and
120 mg/day, febuxostat appeared to be superior to
fixed-dose allopurinol 300mg/day. However, these
trials did not demonstrate febuxostat superiority over
allopurinol, as allopurinol dose was limited to
300 mg/day and thus did not reflect clinical practice
in which allopurinol can be increased up to 800 mg in
the United States and 900 mg in Europe (http://
www.micromedexsolutions.com). Even though
doses above 300 mg/day are used infrequently [14],
several trials have shown increased success rates to
reach the uricemia target when allopurinol was
titrated above 300 mg/day [15,16

&

,17].
Tolerance

The most frequent clinical side-effects of febuxostat
and allopurinol are cutaneous. The frequency of
benign skin reactions to febuxostat was estimated
at 5.2% [95% confidence interval (CI) 2.1–10.5%] in
the phase III studies of the registration dossier [18].
 Copyright © 2019 Wolters Kluwe
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Previous skin intolerance to allopurinol could
increase the risk [19]. In clinical practice, in which
side-effects may be reported less extensively, the
frequency of mild skin rashes to allopurinol is usu-
ally estimated at 2–8% [20]. In a small study of
human leucocyte antigen (HLA)-B�5801 negative
gout patients, the frequency of skin rash to febuxo-
stat (5.6%) and to allopurinol (16.4%) did not differ
significantly (P¼0.12) [21].

Rarely, the two drugs can cause severe reactions
(SCARs). SCARs to allopurinol usually occur, as most
of the benign reaction to the drug, in the first
3 months of treatment. Mortality rate is 10–30%.
The incidence of toxic epidermal necrosis/Stevens
Johnson syndrome has been estimated in the United
States at 0.69 (95% CI 0.50–0.92) per 1000 allopuri-
nol initiators [22] and appears to be greater in Blacks
and Asians [23], and particularly Chinese [24].
SCARs to allopurinol are associated with the HLA-
B�5801 allele [25]. In Han Chinese, Thais, Koreans,
and Vietnamese, the risk allele is frequent and the
relative risk extremely high, leading to the recom-
mendation to HLA type gout patients in these
groups and to avoid allopurinol prescription in
HLA-B�5801 positive patients [1], a strategy which
has been shown to prevent SCARs to allopurinol in
Taiwan [26]. Postmarketing surveillance revealed
the existence of SCARs to febuxostat [27], of which
a few cases have been published [28–31]. The fre-
quency is unknown. No HLA association has been
described. Risk factors could include recent intro-
duction of febuxostat, previous skin intolerance to
allopurinol, and renal failure [27].

True cross-reactivity between the two drugs
seems improbable as, in a retrospective study, only
two (9.1%) of 22 patients who had experienced
allopurinol-induced skin reactions developed a
(benign) skin reaction to febuxostat versus two
(2.5%) of 78 allopurinol tolerant patients. The odds
ratio was not statistically significant: 3.85 (0.51–
29.04) [19]. In another retrospective study of 13
patients with a history of SCAR to allopurinol,
febuxostat was tolerated by 12 patients, whereas
another developed a cutaneous leukocytoclastic vas-
culitis [32]. In our opinion, these studies allow a
careful introduction of febuxostat in patients with a
history of skin reaction to allopurinol after at least
1 month from the skin healing, or more if a drug
reaction with eosinophilia and systemic symptoms
to allopurinol has been suspected.

Concerns about the cardiovascular safety of
febuxostat arose from the APEX and FACT trials,
in which a numerically greater incidence of investi-
gator-reported cardiovascular events was observed
under febuxostat, as compared with allopurinol
[11,12]. However, no definite conclusion could be
r Health, Inc. All rights reserved.
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Crystal deposition diseases
drawn as the observed differences were not statisti-
cally significant. The European Medicines Agency
approved febuxostat at the doses of 80 and 120 mg/
day stated that febuxostat was not recommended in
patients with ischemic or congestive heart disease
and required a postlicensing cardiovascular safety
study comparing febuxostat to allopurinol. This
trial, termed FAST (Febuxostat versus Allopurinol
Streamlined Trial), is still ongoing [33]. The Food
and Drug Administration (FDA) had an additional 6-
month RCT performed (CONFIRMS), which com-
pared febuxostat, 40 and 80 mg/day, to allopurinol
in 2269 gout patients, most of them with renal or
cardiovascular comorbidities, in which adjudicated
cardiovascular adverse events did not differ across
the 3 arms [13]. The FDA subsequently approved the
drug at the doses of 40 and 80 mg/day but advised to
monitor for signs and symptoms of myocardial
infarction and stroke and also required a post licens-
ing cardiovascular safety trial. The results of this
trial, the cardiovascular safety of febuxostat and
allopurinol in patients with gout and cardiovascular
morbidities (CARES) trial, were recently published
[34

&&

] and motivated a FDA-issued public safety alert
about the cardiovascular safety of febuxostat [35].

CARES is a multicenter, double-blind, noninfer-
iority trial that involved 6190 patients with gout and
major cardiovascular disease, randomly assigned to
allopurinol or febuxostat after stratification by renal
function. Both drugs were titrated to reach the less
than 6 mg/dl serum uric acid (SUA) target, which
was obtained in a similar proportion (69–75%) in
the two groups along the trial duration. The primary
end point was a composite of cardiovascular death,
nonfatal myocardial infarction, nonfatal stroke, or
unstable angina with urgent revascularization. Sec-
ondary end points included the individual compo-
nents of the primary end point and additional safety
end points included death from all causes.

Patients were followed up for a median of 32
months. About 56.6% of patients discontinued trial
treatment prematurely, with rates of premature dis-
continuation similar in the two treatment groups. In
the prespecified analysis of events that occurred dur-
ing receipt of the drug or30days afterdiscontinuation
of treatment, no difference was noted in the occur-
rence of the primary end-point event (7.8 and 7.7% in
the febuxostat and allopurinol groups, respectively)
but significantly more cardiovascular deaths occurred
in the febuxostat group (4.3%) as compared with the
allopurinol group (3.2%) (P¼0.03), and all-cause
mortality was significantly more frequent in the
febuxostat group (7.8 versus 6.4%, P¼0.04). Interest-
ingly in a post-hoc analysis, the rates of deaths from
cardiovascular or all causes of patients who were still
on drug at the time assessment point were not
 Copyright © 2019 Wolters Kluwer H
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statistically superior in the febuxostat than in the
allopurinol groups. In addition toa high and probably
inevitable discontinuation rate, some unsolved ques-
tions are raised by the trial results: how can the
discrepancy between the primary outcome which
was similar in the two groups and the significantly
increased cardiovascular death rate in the febuxostat
group can be explained? Could it be because of mere
chance due to multiple testing, and lack of stratifica-
tion on the cardiovascular risk severity? Why did a
large proportion of deaths occurred after cessation of
the urate-lowering treatments? Was this explained by
hyperuricemia recurrence? Despite these unanswered
questions, results of the CARES trial supported the
choice of allopurinol as the first-line xanthine oxidase
inhibitor for the management of gout, as pointed out
in a recent editorial [36

&

]. A recent prospective cohort
study among 99744 elderly gout patients newly start-
ing febuxostat or allopurinol, matched on propensity
score, identified no difference in the risk of cardiovas-
cular eventsor all-causedeath betweenthe twogroups
[37]. However, there was a nonsignificant trend
toward higher risk for all-cause mortality among
patients using febuxostat for more than 3 years com-
pared with patients using allopurinol for more than 3
years. The results of the FAST trial are eagerly awaited,
in which randomization between allopurinol and
febuxostat has been stratified according to the types
of previous cardiovascular events [33].

Results of the febuxostat for cerebral and cardior-
enovascular event prevention study (FREED) [38] have
been recently presented at the 2018 European Society
of Cardiology meeting and are available at http://
www.clinicaltrialresults.org/. Patients included in this
investigator-initiated trial had asymptomatic hyper-
uricemia (SUA>7 and <9mg/dl), were aged 65 years
or older, and at risk for cerebral and cardiovascular
disease because they were treated for hypertension or
type 2 diabetes or had CKD with an estimated glomer-
ular filtration rate (eGFR) less than 60 and more
than30ml/min/1.73m2, or had experienced a previ-
ous cerebral or cardiovascular event [38]. About 1084
patients were included and randomized into treat-
ment with febuxostat (starting at 10mg/day and
increased up to 40mg/day if uricemia was >2mg/dl)
and no febuxostat treatment (100mg/day allopurinol
was permitted and taken by 27% of the nonfebuxostat
group). Randomization was stratified upon age, eGFR,
diabetes mellitus, and history of a cardiovascular or
cerebral event.The primary end point was a composite
of death by cardiovascular or cerebral event, new or
recurring nonfatal cerebral or myocardial infarction/
unstable angina, cardiac failure requiring hospitaliza-
tion, arterioscleroticdisease requiring treatment, renal
impairment,andnewatrial fibrillation.The trial lasted
for 36 months and suffered from large dropout rates
ealth, Inc. All rights reserved.
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(61 and 65% in the febuxostat and nonfebuxostat
groups, respectively). About 23.3% of the febuxostat
group and 28.7% in the nonfebuxostat group met the
primary outcome [hazard ratio (HR)¼0.750, 95% CI
0.59–0.95, P¼0.017] and the favorable HR correlated
with the extent of uricemia decrease. Among the
secondary outcomes of the study, there was no differ-
ence in deaths because of cardiovascular or cerebral
causes, and the only statistically significant difference
was observed for renal outcome which was favorable
to the febuxostat group [HR 0.745 (0.56–0.087),
P¼0.041]. Results can hardly be compared with those
of the CARES study as included patients were very
different (asymptomatic hyperuricemia in FREED,
gout in CARES), but they suggest that decrease of
uricemia associates with a better cardiovascular and
cerebral outcome, a hypothesis that was not explored
by CARES which did not include a placebo arm.
URICOSURICS

Uricosurics are contraindicated in patients with a
history of kidney stone, when used alone. In addi-
tion, they require tedious precautions to reduce
 Copyright © 2019 Wolters Kluwe
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urinary uric acid concentration by maintaining
urine pH more than 6 and abundant fluid intake,
leading practitioners to prefer xanthine oxidase
inhibitors as first-line ULDs. The recently intro-
duced uricosuric, lesinurad, is not to be used alone
but its combination, at a dose of 200 mg/day, with
allopurinol or febuxostat has been recently
approved in Europe and the United States for
patients who have not met SUA targets under these
xanthine oxidase inhibitors [39–41]. There are few
data on the effect of uricosurics on cardiovascular
disease. In a large observational study using Medi-
care data, treatment with probenecid appeared to be
associated with a modestly decreased risk of cardio-
vascular events versus allopurinol [42

&

], a finding
that needs to be confirmed by RCTs.
XANTHINE OXIDASE INHIBITORS IN
CHRONIC KIDNEY DISEASE PATIENTS

Most regulatory agencies, following the Hande rule
[8], limit the maximal dose of allopurinol as a func-
tion of the level of creatinine clearance, an approach
which frequently leads to the inability to reach the
r Health, Inc. All rights reserved.
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SUA target [43]. The ACR gout management guide-
lines (1) allow to increase the dose of allopurinol
above the authorized posology in CKD patients until
the uricemia targets are reached, provided that allo-
purinol is started at a low dose and the dose is slowly
increased until the serum urate target is achieved, as a
retrospective case-control study involving 54 SCAR
and 157 tolerant patients concluded that this con-
duct substantially reduced the risk of SCARs to allo-
purinol [44]. Incontrast, theEULAR recommends not
increasing allopurinol above the creatinine clear-
ance-adjusted dose [2] and shifting from allopurinol
alone to a combination with uricosurics or to febuxo-
stat when SUA targets have not been obtained.
IN CLINICAL PRACTICE

In our opinion, the order of prescription of oral ULD
in gout should differ according to the presence or
absence of risk factors for allopurinol intolerance
 Copyright © 2019 Wolters Kluwer H
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In patients with gout and no previous allopuri-
nol intolerance and from ethnic populations
with low prevalence of HLA-B�5801 (Fig. 1),
we believe that allopurinol should be the first-
line ULD. Although the ACR guidelines recom-
mended both febuxostat and allopurinol as first-
line ULDs, the FDA-issued public safety alert has
led us to advise allopurinol as the sole first-line
xanthine oxidase inhibitor to our patients [36

&

]
despite persisting uncertainties. Allopurinol
should be started at a low dose (50–100 mg/
day) and progressively titrated until the targeted
SUA is reached or the maximum creatinine
clearance-allowed dose is attained, depending
on which (ACR or EULAR) guideline is applied.
If the SUA target is not attained with allopuri-
nol, the choice should be driven by comorbid-
ities and discussed with the patient. In case of
cardiovascular or cerebrovascular disease, we
believe that a uricosuric drug should be added,
lth, Inc. All rights reserved.
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1040
and, if needed, progressively increased up to the
maximal authorized dose. If the patient has no
serious cardiovascular disease or risk factor nor
history of stroke, a shift to febuxostat, starting at
40 mg/day and progressively titrated, can be
advised, especially in case of CKD. When the
combination or febuxostat alone cannot reach
targeted uricemia, the combination of a urico-
suric with febuxostat should be proposed to the
informed patient.
(2)
 Patients contraindicated to allopurinol should
be started on a uricosuric or febuxostat, accord-
ing to their comorbidities (Fig. 2). When the
targeted uricemia is not obtained after a pro-
gressive dose increase to the maximum allowed
dose, combination of febuxostat with a uricosu-
ric should be discussed with the patient (Fig. 2).
CONCLUSION

Febuxostat remains a useful addition to the ULDs
available for the management of gout and decreased
the number of patients refractory to oral urate-low-
ering treatment. However, recent reinforcement of
concerns about the cardiovascular tolerance leads to
restriction in its role in the management of gout.
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 CURRENT
OPINION Patient perspectives in gout: a review

Jasvinder A. Singha,b,c

Purpose of review
Recent studies have produced evidence regarding the patient perspectives in gout including from disease
experience to disease outcomes. Therefore, an overview on the topic can help improve our understanding
of the patient experience.

Recent findings
This article explores several aspects of the patient perspective including the impact of gout on a patient’s
life, patient knowledge and beliefs regarding gout and its treatments, patient-perceived barriers to optimal
medication adherence in gout and patient’s perception of their gout. This article also summarizes any
evidence of the association of patient perceptions to patient outcomes in gout.

Summary
A recognition of patient perspectives in gout has the potential to positively impact clinical care for gout.
Discussion of disease impact, misperceptions about benefits/harms of urate-lowering therapy (ULT), and
patient values/preferences regarding pharmacological and nonpharmacological treatments can lead to a
better shared decision-making and improved outcomes in gout. These findings emphasize the importance of
inclusion of patient perspective not only in clinical care and quality improvement and research initiatives
but also in the design and implementation of the research agenda in gout. Inclusion of patient-reported
outcomes in clinical research is likely to improve its relevance to patients with gout.

Keywords
gout, gout management, medication adherence, outcomes, patient perspective

INTRODUCTION

Gout, the most common inflammatory arthritis in
adults [1], manifests as joint pain and swelling,
associated functional limitation and disability,
and bony erosions. Managing gout can be challeng-
ing from the patient perspective for many reasons.
Physicians or other healthcare providers treating
gout patients frequently lack the knowledge to opti-
mally manage gout [2], and differ in their recom-
mendations for the same clinical scenarios in gout
[3]. For example, consulting a medical provider
during a gout flare has been associated with
increased risk of inappropriate therapy [4]. Gout
causes significant disabling symptoms when active
(flares) but quiescent periods between symptomatic
flares may be noted during the first few years
of disease onset [5]. Sub-optimally treated (or
untreated) gout or established gout leads to chronic
synovitis, not different from rheumatoid arthritis.

Gout is a chronic disease. Patients commonly
experience the intermittent acute gout attacks as
well as chronic symptoms. Many patients and pro-
viders still remain confused about whether gout
leads to any long-term joint damage or not, in
addition to acute gout flares. Most treatment

guidelines have addressed the management of gout
as a chronic disease [6–9]. One exception is the
recent American College of Physicians (ACP) guide-
line that was focused only on the management of
acute and recurrent gout only [10]. Most patients
with gout do not take their urate-lowering therapies
(ULTs; allopurinol most commonly used) regularly
[11]. High adherence to allopurinol indicated by
medication possession ratio (MPR) of at least 80%,
is achieved in only 17–65% of the gout patients [12–
17]. Suboptimal ULT adherence is a major challenge
to gout management. This review focuses on the
patient perspective in gout, and how it impacts gout
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KEY POINTS

� Suboptimal adherence with ULT medications for the
treatment of gout is a key challenge.

� Patient perception of disease and their ability to control
the disease in gout is associated with better function.

� Key barriers and facilitators to ULT adherence in gout
have been described by several qualitative and
quantitative studies.

� Patient perception of gout goals identified not only flare
prevention and management but also monitoring and
lowering of target serum urate.

Crystal deposition diseases
management, incorporating knowledge from
research in other chronic conditions.
PATIENT NEEDS AND CONCERNS
RELATED TO CHRONIC DISEASE
MANAGEMENT

In a study of chronic disease management, five focus
groups were conducted with 36 patients with chronic
conditions with a mean age of 65 years [18]. Study
participants wanted greater participation in decision-
making concerning their health, increased education
about their illness and medication and individualized
healthcare that took their preferences and personal
and emotional issues into account.

In a study that included 197 patients with oste-
oarthritis, rheumatoid arthritis, low back pain,
lupus or scleroderma, patients identified three learn-
ing interests (the illness, traditional health manage-
ment, and nontraditional health management) and
five main concerns (psychological, coping, medica-
tion, social, and financial). Regression analyses
revealed predictors for the five concerns and three
learning interest topics. The concerns were best
predicted by self-reported disease severity, physical
disability, and psychological distress, whereas learn-
ing interests were best predicted by self-reported
disease severity, pain, and self-help group member-
ship [19].

In a qualitative work with 98 people on chronic
long-term medication prescriptions for heart dis-
ease, patients identified five major concerns/issues
[20]: concerns about and management of side
effects; differing views regarding the use of medi-
cines; cognitive, practical, and sensory problems;
lack of information or understanding; and problems
with access to, and organization of services [20].

In summary, these studies demonstrate key
patient needs and concerns related to chronic dis-
ease management. Patients with chronic diseases
 Copyright © 2019 Wolters Kluwer H

160 www.co-rheumatology.com
need and want education about illness, disease
management (traditional and nontraditional
approaches) and medications, individualized
healthcare, better access to healthcare services,
and more participation in treatment decisions. This
is concordant with patient-centeredness in chronic
illness management, an emerging concept that is
gaining momentum [21].
HOW DO PATIENTS SUCCEED AT
CHRONIC DISEASE MANAGEMENT?

Chronic disease management is a complex issue for
most patients. Successful chronic disease manage-
ment depends on an active behavioral involvement
of the patient [22]. It involves both the adoption of
new behaviors (e.g. blood pressure monitoring,
adherence to medications and laboratory test moni-
toring) and changes in the existing behaviors (e.g.
dietary modification, exercise, etc.). Achieving
behavior change to optimally manage chronic dis-
ease depends on several factors, including patient
perception of health and illness [23] and effective
patient–physician communication [24]. In addi-
tion, the patient disease experience and associated
beliefs, experience with medications and patient
knowledge (and knowledge gaps) in turn, can
impact optimal chronic disease management and
pose challenges or opportunities.

In summary, there are several challenges to
successful management of a chronic disease. One
of the key challenges is suboptimal adherence with
medications. Thus, effective behavioral interven-
tions with individualization based on unique chal-
lenges or opportunities, have the potential to
improve chronic disease management including
suboptimal medication adherence.
HOW DO PATIENTS THINK OF
MEDICATION ADHERENCE AS PART OF
CHRONIC DISEASE MANAGEMENT?

Patient’s medication experience is one of the key
contributors to medication adherence in chronic
diseases, such as gout [25]. Medication experience
‘is an individual’s subjective experience of taking a
medication in his daily life. It begins as an encounter
with a chronic medication. It is an encounter that is
given meaning before it happens and is often a
reaction to the symbol that medication holds’
[25]. Practitioners can help understand patient’s
needs, identify and resolve drug treatment prob-
lems, and tailor patient counseling/education [26].

Due to issues with medication adherence and
adverse drug events, several models and strategies
have been developed. One example of a strategy is
ealth, Inc. All rights reserved.
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that of home medication management based on the
model of Systems Approach to Home Medication
Management (SAHMM) [27]. The SAHMM model is
derived fromasystems’ engineeringmodel forhealth-
care workplace safety. It proposes that patients man-
age their medications at home by working within a
system composed of six components: person (patient
or caregiver, patient’s family or healthcare provider
staff members), tasks (medication and nonmedica-
tion management tasks), tools and technology (med-
ication monitoring tools and nonmonitoring tools
for medication management), internal environment
(physical environment, disruptions), external envi-
ronment (insurers, regulations, community resources
and prescriber habits), and household (family roles,
responsibilities and expectations, living arrange-
ments, interpersonal relationships, social norms).
The interactions between these factors feed into the
process of medication management, which results in
the outcomes that occur as a result of the medication
management process.

Other models for chronic disease and medica-
tion adherence, including the WHO’s Multidimen-
sional Adherence Model (MAM) [28,29], the
Information–Motivation–Behavioral skills (IMB)
model of medication adherence [30–35], and the
Corbin and Strauss’s model of body-self-biographi-
cal time [36–39] have been proposed and tested. As
an example, the MAM indicates that there are five
factors that contribute to medication adherence:
socioeconomic factors, healthcare system-related
factors, condition-related factors, treatment-related
factors, and patient-related factors. In author’s view,
this model of chronic disease medication adherence
provides insights into mechanisms of and interven-
tions for medication nonadherence.

In summary, several theoretical models can help
us understand factors important for medication
adherence as one of the key challenges in chronic
disease management and provide potential compo-
nents for developing effective interventions to
improve medication adherence.
PATIENT KNOWLEDGE AND BELIEFS
REGARDING GOUT AND ITS TREATMENTS

In a study of questions posted on the social news
website Reddit, Dersken et al. analyzed 359 ques-
tions in 287 posts related to gout [40]. The most
common questions were related to the uncertainty
about gout symptoms, the diagnosis of gout, and
disease timeline. Questions and concerns about
gout medications were the next most common,
including deciding whether to start urate-lowering
therapy (ULT), medication side effects, and the risk
of flares after starting ULT [40]. Questions about
 Copyright © 2019 Wolters Kluwe
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medications were generally cautious or negative.
The next most common were the management
questions focused on dietary advice and nonphar-
macological management. Questions about finan-
cial issues, information sources, and perceptions of
gout were less common. In a cross-sectional survey
study, Harrold et al. [41] assessed knowledge and
beliefs of people with gout. Among 240 participants
with gout who returned the survey, most were men
(80%), white (94%), and were 65 years and older
(66%). A majority of the participants knew the
association of serum urate with gout and that crys-
tals caused inflammation in and around the joints
and led to gout flares. Only a minority (<25% each)
were aware of common foods known to trigger gout
(e.g. seafood, beef, pork, and beer), the short-term
risks of worsening gout with ULT initiation or that
ULT should be used long-term [41]. The authors
concluded that knowledge deficits about dietary
factors and gout medications were common [41].
The limited focus of the recent ACP gout treatment
guideline [10] and the documented quality gaps in
the care for gout [13,42,43] and knowledge gaps
among providers regarding gout [2] indicate that
an educational intervention may also be needed for
healthcare providers.

In summary, these and other studies of people
with gout [44–49] highlight the knowledge gaps
related to both the disease and medications used
for the treatment of gout, nonpharmacological
management of gout, and concerns about medica-
tion-related adverse events. Key contributors to
these patient knowledge gaps may include the lack
of patient education materials on gout in physician
offices and online and offline, the lack of emphasis
on self-management during patient–physician
encounters, and the physician knowledge deficits
regarding gout management. Patient recognition of
gout as a chronic disease of urate crystal deposition
that needs complementary pharmacologic and non-
pharmacologic strategies for urate-lowering is a
much needed and important break-through to over-
come disease management challenges ().
HOW DOES GOUT IMPACT A PATIENT
AND HIS/HER QUALITY OF LIFE?

In a qualitative study, Singh [50] examined the
quality of life impact of gout by conducting nominal
group technique (NGT) with 62 patients with gout
with a mean age of 65 years, 64% African American
and 60% men. Gout had a significant impact on
patient lives as evident in patient quotes (Table 1).
For example: ‘I have been shot. I’d rather be shot
than have my gout attack again.’ The most fre-
quently cited life impact concerns related to gout
r Health, Inc. All rights reserved.
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FIGURE 1. The Systems Approach to Home Medication Management (SAHMM) model. Reproduced with permission [27].

Crystal deposition diseases
were the effect of gout flare on daily activities, severe
pain, work disability, joint swelling and tenderness,
food restrictions because of gout, gout medication-
related issues, dependency on family because of
gout-related disability, emotional impact, and the
interference with sexual function [50].

Compared with Caucasians, African Americans
with gout were somewhat more likely to report
 Copyright © 2019 Wolters Kluwer H

Table 1. Example quotes from patients regarding the impact of g

‘Gout is super painful, I’ll do whatever to avoid that pain’

‘Crying while I am in pain’

‘When I have an attack, it shuts down my whole life. I can’t function. I w

‘Have to have wheel chair close to me during an attack’

‘I have to keep my crutches by the bed so that I can get to the bathroom’

‘Could not stand and it would hurt if the cover was touching it’

‘Made my life change in a lot of ways’

‘My whole life changed. I had to accept a lot of things that I did not wan

‘Pain made me change in a lot of ways with my friends, family and the p
your carry yourself’

‘Can’t have anything touching it a sheet, clothes. . . nothing’

‘. . .when it flares up you can’t sleep’

‘I have to sleep a certain way to avoid pain’

‘I have to sleep in a chair’

‘I broke my leg a year ago, I swear gout hurt worse than my fracture’

‘I broke my ankle, not even comparable to acute gout attack (gout was w

‘Pain from gout was worse than neck fusion symptoms’

‘I can feel the pain with every heartbeat’

‘It led to my divorce’

My wife said in her journal ‘. . . seems that he wants to be in pain to avo

‘Since being on allopurinol, I haven’t had a flare for 2 years’

‘Take allopurinol to prevent the handicap’

Data from [44,56].
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dietary restrictions because of gout, associated emo-
tional burden, severe pain during gout flares, the
need for canes/crutches during flares and gout
bringing their day to a halt [50]. Women were more
concerned about the difficulty with footwear,
dependency and joint deformity, whereas men
were more concerned about interference with
sexual activity.
ealth, Inc. All rights reserved.

out on their lives from two studies

ill stay in the bed three to four days while I wait for it to pass.’

t to’

eople that I am normally around. It will have an impact on the way

orse) ‘

id doing things with me’
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In a qualitative study of 17 participants with a
mean age of 71 years, 88% men, authors found that
the physical and psychosocial health-related quality
of life (HRQOL) in gout was affected by character-
istics of acute gout, a lack of understanding of gout
by participants (not considered a disease) and others
(symptoms ridiculed as nonsevere and nonserious,
association with unhealthy lifestyle) and the lack of
information on disease cause and its treatment pro-
vided by physicians [48].

In another single-center longitudinal study eval-
uating quality of life as measured by the Short Form
(SF)-36, of 99 participants (96 men), with a mean age
was 57.1 years and disease duration of 8.2 years, 92
patients were treated with ULT and daily colchicine,
and seven with only colchicine [51]. Baseline mean
serum urate level was 8.9 mg/dl and mean number
of flares was 4.7 over last year. ULT use was associ-
ated with reduction in serum urate and the number
of gout flares (P<0.001 for both) over 12 months.
Therapy with ULT and colchicine or colchicine
alone was associated with 22–70% of the patients
achieving minimal clinically meaningful improve-
ment (MCII) in various SF-36 subscale and summary
scores at 12 months [51]. Effect size estimates ranged
from negligible to large (SF-36 mental component
summary 0.08 vs. SF-36 bodily pain 1.09). Patients
with tophi, comorbidities, polyarticular disease and
radiographic damage had lower SF-36 scores. Reduc-
tion in flares independently predicted improve-
ments in three SF-36 physical scales (P¼0.001–
0.06). Improvement in SF-36 scores was maintained
at 2 years [51].

In summary, patients with gout have a signifi-
cant impairment of their physical and psychological
HRQOL. Gout flares, a lack of understanding of
gout, a lack of information and tophaceous disease
were associated with a negative impact on patient-
reported HRQOL. Use of ULT and reduction in
serum urate and flares was associated with an
improved HRQOL. Race/sex differences in HRQOL
impact indicate higher gout severity in African
Americans with gout and potential sex differences
in disease manifestation and/or perception.
DOES PATIENT’S PERCEPTION OF THEIR
GOUT MATTER?

Dalbeth et al. studied gout perceptions and func-
tional status among 142 patients from primary and
secondary care settings [52]. The mean age was
57 years, 78% were men, 25% had tophi, and the
gout disease duration was 5 years. Participants com-
pleted a gout-specific Brief Illness Perception
Questionnaire (B-IPQ), questionnaires about medi-
cation beliefs and adherence to ULT, and had a
 Copyright © 2019 Wolters Kluwe
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comprehensive assessment of gout disease activity
[flare frequency, functional ability with Health
Assessment Questionnaire (HAQ-II), serum urate].
Patients viewed gout as a chronic condition that had
a moderate impact on their life. They considered
gout to be responsive to treatment but not strongly
influenced by personal actions; on the other hand,
the majority believed that gout was caused by die-
tary intake or alcohol use, rather than comorbid-
ities. This indicated both an overemphasis by the
patients considering gout causation to be related to
personal actions, rather than understanding it to be
a metabolic condition with a strong influence by
comorbidity/obesity/inactivity triad and undervalu-
ing the importance of personal actions as an adjunct
to pharmacologic gout therapy. ULT adherence was
positively associated with a greater perceived under-
standing of gout and inversely associated with per-
ceived gout severity and consequences. Pain score
was the most strongly associated clinical factor with
negative illness perception scores at baseline. In
longitudinal analyses, baseline HAQ-II score was
the strongest factor independently associated with
worsening functional status at 1 year, and baseline
illness perception scores (greater perceived severity
of symptoms and consequences, lower personal and
treatment control), contributed an additional 5–8%
variability to the models. In summary, negative or
pessimistic views about gout were associated with
poorly controlled disease, lower adherence to ULT,
and progression of musculoskeletal disability in
patients with gout [52].

In a study of 1184 UK people with gout, illness
perception was assessed with the revised illness
perception questionnaire (IPQ-R) [53]. The mean
age was 66 years and 84% were men, and 65%
had experienced at least one gout flare/attack in
the last 12 months. In multivariable adjusted anal-
yses (age, sex, deprivation, BMI, alcohol, and comor-
bidities), patients who agreed that they could
control their gout (relative risk 1.66; 95% confi-
dence interval 1.12–2.45) and that treatments were
effective (2.24; 1.32–3.81) were more likely to cur-
rently be using allopurinol than not using allopuri-
nol [53]. However, this significance was attenuated
after adjustment for self-reported gout characteris-
tics (number of gout attacks in the previous
12 months, history of oligo/polyarticular attacks,
age at gout diagnosis, currently experiencing a
gout attack), 1.39 (0.89–2.17) and 1.78 (0.96–
3.29) respectively.

In a recent analysis of 242 patients with gout,
Serlachius et al.[54] examined whether illness per-
ception, assessed with B-IPQ, was related to mortal-
ity. The mean age was 59 years and 73% were men
with mean gout disease duration of 5.3 years. The
r Health, Inc. All rights reserved.
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mean follow-up was 5.1 years and 33 people died
during the follow-up. In an adjusted model (age, sex,
ethnicity, disease duration, serum urate, tophi,
flares, pain score, diuretic use, baseline serum creat-
inine), each 1-unit increase on the consequences
belief scale (ordinal scale, 0–10) was significantly
associated with an 18% higher hazard of mortality
[54]. Findings need to be reproduced in independent
sample.

In summary, patient illness perception and
beliefs regarding consequences of gout and effec-
tiveness of gout medications were not only associ-
ated with the current use of allopurinol and
allopurinol adherence but also to important health
outcomes, including mortality. These findings raise
the possibility that behavioral or educational inter-
ventions to modify illness perception may have the
ability to improve gout outcomes. Adoption of
healthy behaviors, acceptance of long-term ULT
therapy, improved medication adherence, and
improved patient–physician communication are
some potential mechanisms for this improvement.
PATIENT-PERCEIVED BARRIERS TO
OPTIMAL MEDICATION ADHERENCE IN
GOUT

Pharmacologic treatment of gout includes: medica-
tions that lower serum urate and prevent long-term
joint damage and frequent flares (e.g. ULT); and
medications that treat gout flares and provide
anti-inflammatory prophylaxis when ULTs are ini-
tiated [e.g. nonsteroidal anti-inflammatory drugs
(NSAIDs), glucocorticoids or colchicine]. The use
patterns of these medications differ quite a bit; ULTs
are to be used regularly (usually on a daily basis) and
long-term, whereas anti-inflammatory medications
are usually short-term or as needed. Patients may
perceive the benefits of these two groups of medi-
cations differently; for example, benefits of ULT
may be unclear to patients until after at least 1–2
years of continuous ULT therapy (by which time a
large proportion of patients become nonadherent or
nonpersistent), whereas benefits of anti-inflamma-
tory medications may be absolutely clear within
hours of taking them due to associated relief of
pain/inflammation. Adherence and persistence
with medications are defined somewhat differently:
medication adherence is defined as the extent to
which a patient act in accordance with the pre-
scribed interval and dose of a dosing regimen. Med-
ication persistence is defined as the duration of time
from initiation to discontinuation of therapy. This
can create unique challenges to patient willingness
to accept these therapies, tilting the balance in favor
of the treatment of acute gout flares only, or
 Copyright © 2019 Wolters Kluwer H
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predominantly. This is complicated by patient
beliefs that diet changes and diet supplements
(cherry extract, vitamin C, etc.) may be effective
alternatives to ULT [55]. However, even the most
effective diets can lower the serum urate by 15–20%,
and are difficult to sustain long-term; effective, opti-
mal pharmacotherapy can lower serum urate
more impressively.

Several studies have assessed patient-perceived
barriers to ULT. In a qualitative study using NGT
[56], Singh [56] examined facilitators and barriers to
ULT adherence in 43 African Americans with gout
with a mean age of 64 years, two-thirds men, who
participated in nine nominal groups (seven in men,
two in women). Nominal groups were stratified by
ULT adherence of at least 0.80 (three groups; n¼13)
or <0.80 (six groups; n¼30) to examine facilitators
and barriers to ULT, respectively. Adherence was
determined based on the proportion of days in
the last week or month the patient did not forget
to take his/her ULT. The main facilitators to ULT
adherence were the recognition of the need to take
ULT regularly to prevent gout flares, joint pain and
emergency room visits for gout flares and avoid
dietary restriction, and the patient’s positive expe-
rience with ULT with a lack of ULT side effects and
their trust in physicians. The main barriers to opti-
mal ULT adherence were doubts about ULT effec-
tiveness, concerns about ULT cost, side effects, and
drug–drug interactions with concomitant medica-
tions, forgetting to take or refill ULT on time, a large
pill size leading to difficulty in swallowing, patient
preference for alternative medicines (i.e. cherry
juice), competing priorities, and frequent travel
[56]. Patients with high ULT adherence achieved
it using several methods including organizing their
pills using the pillbox and the incorporation of ULT
intake into their routine.

Other qualitative and quantitative studies done
in primarily Caucasian men identified similar
themes/findings, including that gout patients were
concerned about the efficacy of ULT, side effects,
and its potential interaction with other medications
[44,52,57–59], doubted the necessity of ULT [60]
and lacked the awareness of the need for ULT to treat
gout [41].

In summary, the key barriers and facilitators to
ULT adherence in gout have been described by
several qualitative and quantitative studies across
different settings and populations. Patients’ lack of
knowledge about gout and gout treatments, con-
cerns about ULT efficacy, adverse events, and cost
were key barriers to ULT adherence. Key facilitators
to ULT adherence were patients’ recognition of the
need to take ULT regularly to prevent gout flares,
associated emergency room visits, and the patient’s
ealth, Inc. All rights reserved.
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experience positive experience with ULT related to
no adverse events.
PATIENT PERSPECTIVE ON OVERALL
GOALS OF TREATMENT FOR GOUT

In a qualitative NGT study of 36 patients with gout,
Singh et al. examined the patient perspective of the
goals of gout therapy in nominal groups stratified by
sex [61

&&

]. Mean age of the cohort was 62 years,
mean gout duration was 13 years, 53% were men,
and 64% were African American. Ninety-five per-
cent of the participants indicated that gout should
be treated as a chronic disease. The top six patient
treatment goals for gout included: the prevention
and better management of gout flares and improve-
ment in function; elimination of gout flares and
achievement of disease remission; modification of
diet, activity, and lifestyle; patient education and
public awareness of gout as a disease; lowering of
serum urate; and medication management with an
individualized approach, alternative treatment
choices and minimization of side effects [61

&&

].
There were no differences by sex in the top-ranked
treatment goals.
CONCLUSION

In conclusion, widespread knowledge gaps and
misperceptions regarding disease and management
are prevalent in patients with gout and healthcare
providers alike. Concerns about gout medication-
associated adverse effects are widely prevalent.
Patient perceptions and expectations are associ-
ated with gout outcomes, which shifts the focus
to these as targets for intervention. Such interven-
tion studies in people with gout can potentially
address key patient barriers to optimal gout man-
agement including long-term ULT adherence. Mul-
tifaceted interventions might be more likely to
succeed considering multiple barriers to optimal
gout management.
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 CURRENT
OPINION The immune podocyte

Rhea Bhargava and George C. Tsokos

Purpose of review
Lupus nephritis (LN) is a serious manifestation of systemic lupus erythematosus and is characterized by
proteinuria and renal failure. Proteinuria is a marker of poor prognosis and is attributed to podocyte loss
and dysfunction. It is often debated whether these cells are innocent bystanders or active participants in the
pathogenesis of glomerulonephritis.

Recent findings
Podocytes share many elements of the innate and adaptive immune system. Specifically, they produce and
express complement components and receptors which when dysregulated appear to contribute to podocyte
damage and LN. In parallel, podocytes express major histocompatibility complex and co-stimulatory
molecules which may be involved in local immune events. Podocyte-specific cytotoxic cells and possibly
other immune cells contribute to glomerular damage. Autoantibodies present in lupus sera enter podocytes
to upregulate calcium/calmodulin kinase which in turn compromises their structure and function.

Summary
More recent studies point to the restoration of podocyte function using cell targeted approaches to prevent
and treat LN. These strategies along with podocyte involvement in the pathogenesis of LN will be
addressed in this review.

Keywords
LN, podocyte, systemic lupus erythematosus

INTRODUCTION

In this review, we will highlight the properties of
podocytes that support their involvement in the
pathogenesis of lupus nephritis (LN) along with
those that make them targets from the systemic
inflammation in systemic lupus erythematosus
(SLE). Furthermore, we will focus on some immune
mechanisms highlighted by animal studies which
can be targeted in future treatment trials.

PODOCYTES IN THE INNATE IMMUNE
SYSTEM

The complement system plays a dual role in LN both
improving and exacerbating disease. Active LN
involves both classical and alternative complement
pathways. Podocytes express various complement
components. Some of these are expressed by all kid-
ney cells, while others are exclusive to the podocyte.

In order to prevent undesirable complement
activation, regulatory molecules like decay acceler-
ating factor, membrane cofactor protein, and com-
plement receptor type 1 (CR1) are produced by host
cells [1]. Interestingly, in the glomerulus, CR1 is
exclusively expressed in podocytes making it one

of the few epithelial cells expressing CR1 [2,3]. In the
setting of LN there is loss of CR1 which results from
decreased synthesis rather than consumption leav-
ing these cells highly susceptible to complement
mediated injury [4–6]. Complement C2 receptor
inhibitor trispanning (CRIT) is a novel human com-
plement regulatory cell surface receptor. It binds
human complement protein C2 and blocks the
classical pathway of complement activation, thus
protecting the cell against complement attack [7].
This too is expressed exclusively in podocytes in
normal kidney biopsies [8]. Complement deficien-
cies, particularly of components of the classical
pathway, are strong risk factors for the development
of lupus due to defective clearance of nuclear anti-
gens released by injured and apoptotic cells. Locally
produced podocyte Complement Factor H (CFH) is
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KEY POINTS

� Podocytes display properties of immune cells.

� Podocytes can initiate kidney damage in LN.

� Targeted podocyte-specific drug delivery represents a
novel approach to treat LN.

Immunopathogenesis and treatment of autoimmune diseases
important in processing immune complexes in the
subepithelial space, where it limits complement
activation. CFH-deficient MRL/lpr mice have signif-
icantly more albuminuria and develop severe
diffuse LN by 12 weeks, with excessive interstitial
infiltration of macrophages and neutrophils, sub-
endothelial and subepithelial immune deposits and
extensive podocyte foot process effacement when
compared to MRL/lpr mice [9].

On the other hand, it would be remiss to not
mention complement mediated glomerular injury
in LN. Complement activation may result from
formation and insertion of membrane attack com-
plex C5b-9 (MAC) in the resident glomerular cells
[10]. C3 and C4 levels are depressed in greater than
90% of patients with diffuse proliferative LN and a
fall in these proteins often reflects an increase in
disease activity. Complement components includ-
ing C1q, C4d, Factor Bb, C5a and C5b-9 deposit in
the kidney. Among them the detection of factor Bb
predicts poor renal survival in LN [11]. There is
evidence that less profound complement activation
also has important consequences: Notably, sublytic
levels of C5b-9 induce podocyte activation with
release of proteases, oxidants and other mediators,
and cause DNA damage which may itself further
limit podocyte proliferation and repair [12]. Treat-
ment with eculizimab (anti-C5) has been used in a
few cases including cases of severe resistant LN in a
phase I human trial [13–17]. Lack of enough data
makes it difficult to draw definitive conclusions
however, in the right setting this may a viable
therapeutic option.

Isolated glomeruli express TLR1-9 and TRL11
in wild type mice [18,19]. TLR4 has received great
attention in the pathogenesis of LN and is localized
in podocytes [18,19]. Studies have also shown that
lipopolysaccharide (LPS) [a pathogen-associated
molecular pattern (PAMP) ligand for TLR4] can
induce the expression of various cytokines including
CCL2, CCL7, CXCL1, CXCL5, CCL3, CCL5, CXCL7,
CXCL9, CXCL11, and CXCL13 [19]. In a different
model of immune complex-mediated kidney injury,
TLR4 was identified and found to be more abundant
in podocytes of mice with cryoglobulinemic mem-
branoproliferative glomerulonephritis compared to
 Copyright © 2019 Wolters Kluwer H
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wild type animals. TLR4 was unregulated in active
disease and once stimulated lead to the release of
chemokines [18]. The implications of this can
be extended into other immune complex-mediated
diseases like LN and highlight the role of podocyte
as a cell which can sense these molecules and
produce an inflammatory milieu [20–23]. Fibrinogen
which is a DAMP (Damage associated molecular
pattern) ligand, induces the expression of CCL2,
CCL7, CXCL1, and CXCL5 in cultured podocytes
[19]. TLR8 is also localized to podocytes in human
kidneys and in BXSB-Yaa mice, an animal model
of LN. Furthermore, overexpression of Toll-like
receptor 8 correlates with the progression of
podocyte injury in murine autoimmune glomerulo-
nephritis [24].

Retinoic acid-inducible gene 1 belongs to the
family of RIG-I-like helicases, which recognize viral
RNA. It is expressed in podocytes and is fully func-
tional via downstream pathways, interferon regula-
tory transcription factor 3 (IRF3) and NFkB, leading
to increased expression of various inflammatory
cytokines and podocyte injury [25,26]. Genetic
studies have strongly implicated the RLR (RIG-1
like receptor) pathways in SLE susceptibility [27].
These includes variants of proteins of the innate
immune system like MDA5 (Melanoma Differentia-
tion-Associated protein 5) and IPS-1 (IFN-beta
promoter stimulator 1) [28,29]. They are both
responsible for modulating the type I IFN pathway.
The receptor for advanced glycation end products
(RAGE) is a pattern recognition receptor involved in
several innate immune responses. RAGE can use
DAMPs, including advanced glycation end products
and high-mobility group box protein 1, as its
ligands. RAGE is expressed in podocytes and up-
regulated in both human and mouse glomerular
diseases and mediates podocyte injury in adriamy-
cin induced kidney disease [30]. However, deletion
of RAGE exacerbates lymphoproliferative syndrome
and LN in B6-MRL Fas lpr/j Mice suggesting that cell
targeted therapies of this molecule towards either T
cells or kidney resident cells may be more appropri-
ate [31]. Podocytes also express NLRP3 that binds
mtDNA. NLRP3 inflammasomes were activated in
podocytes from lupus-prone mice and from LN
patients. Activation of NLRP3 is involved in the
pathogenesis of podocyte injury and the develop-
ment of proteinuria in LN [32

&

]. These studies sug-
gest that mtDAMPs may act on podocytes to activate
innate immune pathways and this could include
both nucleic acid sensing receptors or inflamma-
somes as described [33–36]. These also raise the
possibility that podocytes are an alternative source
of IFN-a and other cytokines involved in SLE and LN
development.
ealth, Inc. All rights reserved.
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There seems to be a dual role of podocytes in the
pathogenesis of LN. While podocytes are usually
injured by the innate immune responses induced
by PAMPs or DAMPs (including mtDAMPs) and are
susceptible to complement mediated injury, they
also play a role in the regulation of complement
factors that may prevent LN.
PODOCYTES IN THE ADAPTIVE IMMUNE
SYSTEM

Podocytes express both Class I and II major histo-
compatibility complex (MHC) molecules which
increase under inflammatory conditions and
express T cell stimulating cytokines like IL23 along
with various chemokines [37]. The neonatal Fc
receptor (FcRn) is present on podocytes and is
responsible for endocytosis of albumin and immu-
noglobulin G (IgG) and has been shown to promote
immune complex mediated glomerular disease
[38,39]. In an experiment model of anti-glomerular
basement membrane (GBM) disease, deletion of
MHC class II exclusively on podocytes prevented
nephritis. Podocytes were shown to ingest soluble
and particulate antigens, activate CD4þ T cells, and
cross-present exogenous antigen on MHC class I
molecules to CD8þ T cells [37]. This is significant
proof that podocytes behave as antigen presenting
cells. These findings can be extrapolated to the
activation of the adaptive immune system in SLE
and the further development of LN, identifying new
therapeutics targets and mechanisms.

The severity of LN in humans correlates with
podocyte expression of costimulatory molecules,
such as CD80/B7-1 [40

&

]. Mice lacking B7-1 are
protected from LPS-induced nephrotic syndrome,
suggesting a link between podocyte B7-1 expression
and proteinuria [41]. In this study, LPS signaling
through toll-like receptor-4 reorganized the podo-
cyte actin cytoskeleton in vitro, and activation of B7-
1 in cultured podocytes led to reorganization of vital
slit diaphragm proteins [41]. This interaction may
suggest an interface between podocyte actin cyto-
skeleton rearrangement and the adaptive immune
system. Another recent investigation demonstrated
interaction of CD80 and Neph1 via their extracellu-
lar domain [42]. This is supported by the detection
of this molecule in proteinuric renal disease in
humans [41] heralding testing of abatacept, a fusion
protein composed of the Fc region of the immuno-
globulin IgG1 fused to the extracellular domain of
CTLA-4 in glomerular diseases including LN
[43,44

&

]. In the ALLURE Trial abatacept was evalu-
ated for treatment of Class III and IV LN. No differ-
ence in the primary end point of complete remission
was seen at one year with rates of 35 and 33%,
 Copyright © 2019 Wolters Kluwe
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respectively, for abatacept and placebo treatment
groups but patients in the abatacept group had faster
improvement in proteinuria [44

&

].
Calcium signaling plays a key role in the main-

tenance of the actin cytoskeleton of cells. We
demonstrated that calcium calmodulin kinase 4
(CAMK4) expression increased in podocytes of
patients with LN and in MRL/lpr mice. Silencing
this molecule prevented development of nephritis
in lupus prone mice. Interestingly, inhibiting
CAMK4 in podocytes only, prevented immune com-
plex deposition and CD80 upregulation in the
kidney despite ongoing systemic autoimmunity
[40

&

,45
&&

]. These findings displace the dogma of
immune complex deposition being the initiator of
injury in the kidney in SLE and suggests that if
podocytes remain intact, the kidney has enhanced
tolerance towards autoimmune stimuli. Further
genetic confirmation of this and human investiga-
tion of this concept is warranted.

Crescent formation is a characteristic feature of
class IV diffuse LN. Mouse models and human stud-
ies have now demonstrated that�50% of the cells in
crescents are podocytes [46,47]. The interaction
between immune cells and podocytes is an area of
active research in the pathogenesis of LN. The role of
T cells in glomerular injury may involve antigen
recognition and macrophage recruitment. CD8þ
T cells have been identified in periglomerular infil-
trates in LN and are associated with poor outcomes
after induction therapy [48]. An experimental trans-
genic mouse model expressing ovalbumin and
then egg lysozyme antigens in podocytes, demon-
strated that coinjection of CD8þ cytotoxic T cells
and CD4þ T helper (Th) cells reproduced these
infiltrates leading to structural and functional
kidney damage [49].

In healthy individuals, podocytes are isolated
and protected from contact with immune cells
and hence avoid immune attack. Antigen from
podocytes can activate CD8þ T cells in the draining
lymph node and these activated cells migrate and,
accumulate around the glomerulus with no access to
the target podocytes [49]. Even podocyte-specific
CD8þ T cells accumulate in the periglomerular
region without any invasion of Bowman’s space,
glomerular disorder or podocyte loss. A recent study
demonstrated under control conditions with intact
Bowman’s capsule, podocytes are not accessible to
CD8þT cells. However, breaches in Bowman’s cap-
sule allow access of CD8þ T cells to the glomerular
tuft and podocytes, resulting in their destruction
[50

&&

]. It is entirely possible that this access to podo-
cytes may be the point of conversion of a possibly
reversible glomerulonephritis to an irreversible rap-
idly progressive form leading to end stage renal
r Health, Inc. All rights reserved.
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disease particularly since in severe LN like other
forms of rapidly progressive glomerulonephritis T
cells are found within the glomeruli. Activated renal
CD4þ cells have been isolated from lupus-prone
mice. A study showed that after transfecting
CD4þ cells with the relevant T-cell receptors and
transferring them into mice, induced more severe
glomerulonephritis. These T cells were incapable of
recognizing nucleosomes and hence their antigen
specificity remains a mystery, but one could specu-
late that they might be directed at podocyte-specific
antigens [51]. Furthermore, it was suggested that not
all T cells aid B cells in autoantibody production, but
some may induce injury after antigen recognition in
the glomeruli. It could be speculated that since
professional antigenic presenting cells are sparse
in the glomerulus, podocytes may be the primary
cells involved in this process tying into the earlier
mentioned study that deletion of MHC Class II
ameliorated anti-GBM disease in mice.

Immune responses are mostly thought to be
controlled at the transcriptional level. However,
translational modifications can occur through
micro RNAs. MicroRNA-92a is enriched in podo-
cytes of patients and mice with crescentic glomeru-
lonephritis and targets p57Kip2. Interestingly,
podocyte-specific deletion of miR-92A ameliorated
crescentic glomerulonephritis in mice highlighting
their role in the development of these lesions [52].
Micro RNA profiling of kidneys from patients with
LN demonstrated 24 dysregulated micro RNA pat-
terns. Micro RNA 155 has been shown to control the
generation and function of T follicular cells and has
a protective role in podocyte injury [53

&

]. This area
of investigation is promising and could lead to a new
class of therapeutics in SLE.
ANTIBODIES AND PODOCYTES

Autoantibodies contribute to SLE through the
formation of immune complexes, direct agonist or
antagonist action, and by interference with intra-
cellular functions. Antibodies against podocyte-
specific antigens, mainly a-enolase and annexin
AI have been identified in human studies [54].
Accumulating evidence suggests that in addition
to forming immune complexes and triggering com-
plement activation, antidsDNA antibodies contrib-
ute to the pathogenesis of LN through binding,
either directly or indirectly, to cross-reactive anti-
gens or chromatin materials, triggering downstream
cellular activation and proliferation as well as
inflammatory and fibrotic processes. Several cross-
reactive antigens that mediate antidsDNA antibody
binding have been identified, such as annexin II and
alpha-actinin present in podocytes [55–57].
 Copyright © 2019 Wolters Kluwer H
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Immune complex deposition and proteinuria
correlate poorly in LN. Increased podocyte efface-
ment is present in patients with nephrotic LN
compared to disease with less proteinuria. It is
hence plausible that the proteinuria (particularly
nephrotic range proteinuria) occurs independently
of immune complexes and may be due to indepen-
dent podocyte injury mechanisms.

Podocytes express the transcript for the low-
affinity Fcg receptors (FcgRIIB and FcgRIII) along
with the neonatal Fc receptor [39]. Our lab has
demonstrated that LN-derived IgG enters podocytes
via FcRn (neonatal Fc receptor) and upregulates
CAMK4, which is followed by increased expression
of genes known to be linked to podocyte damage
including the expression of the costimulatory mol-
ecule CD86 and decrease of critical proteins like
nephrin, synaptopodin and actinin-4. CAMK4 is a
serine threonine kinase which plays a key role in the
maintenance of podocyte cytoskeleton. Targeted
inhibition of CAMK4 in podocytes led to reduction
in CD86 expression and preservation of the
podocyte cytoskeleton. Recently, we also reported
that podocytes from patients with LN displayed
increased expression of CaMK4, but not CaMK2.
Mechanistically, CaMK4 modulated podocyte
motility by altering the expression of the GTPases
Rac1 and RhoA and suppressed the expression of
nephrin, synaptopodin, and actin fibers in podo-
cytes. In addition, it phosphorylated the scaffold
protein 14-3-3b, which resulted in the release and
degradation of synaptopodin. Most interestingly, as
stated above targeted delivery of a CaMK4 inhibitor
to podocytes in lupus prone mice preserved their
ultrastructure, averted immune complex deposition
and crescent formation, and suppressed proteinuria
by preserving the podocyte structure despite ongo-
ing systemic autoimmunity. Hence CAMK4 and
calcium signaling, which is required for its activa-
tion, may be a link between immune mediated
glomerulonephritis and podocyte injury [40

&

,45
&&

].
Furthermore, this data establishes the prominent
role of podocytes in the development of LN and
possible treatment pathways which target the pres-
ervation of the podocyte cytoskeleton in turn pre-
venting LN. While we were able to demonstrate
upregulation of CAMK4 in podocytes after exposure
to IgG from patients with LN, this was not the case
in IgG isolated from patients with SLE but with no
prior renal involvement despite other manifesta-
tions of lupus.

dsDNA antibodies can be endocytosed by cul-
tured podocyte cell lines without affecting their
viability and migratory capacity. The internalized
dsDNA antibodies are enclosed by membranous
structures and reach the cytosol via clathrin-
ealth, Inc. All rights reserved.
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dependent endocytosis. The process of internaliza-
tion was time and dose dependent and reversible.
When compared to primary podocytes from
patients with LN, IgG-positive aggregates in the
cytosol are noted [58]. While this data suggest that
there may be some inherent defect in podocytes of
patients with LN to degrade IgG, our data suggests
that IgG from patients with LN may be modified
itself compared to patients with lupus without any
renal involvement. One could hypothesize that
pathogenicity of these IgG due to formation
of complexes with nucleic residues leading to
enhanced activation of nucleic acid sensing path-
ways causing cell injury. cGAS and STING are both
involved in DNA recognition and have been studied
in the pathogenesis of SLE. Interestingly, STING-
depleted cells had lower levels of IFN-I-stimulated
genes, indicating that STING plays a major role in
carrying out IFN-I activities [59]. Consequently,
STING-dependent stimulation of IFN-I-stimulated
genes correlated with disease activity. While there
is still hope that targeting this pathway may yield
new therapeutics, STING/lpr mice (STING depleted
lupus prone mice) display accelerated onset and
progression of disease with worse proteinuria and
nephritis. These mice had an increase in anti-
SmRNPs, RNA specific antibodies and an interferon
stimulated gene (ISG) signature suggesting a protec-
tive or regulatory role of this pathway in the devel-
opment of lupus [60]. These findings may reflect the
need for targeting molecules in specific cells to
modulate disease. For example, STING-deficient
macrophages failed to express negative regulators
of immune activation and thus are hyperresponsive
to TLR ligands, producing abnormally high levels
of proinflammatory cytokines. This hyperreactivity
corresponds to dramatically elevated numbers of
inflammatory macrophages and granulocytes in
vivo. This might explain the controversial findings
demonstrated in the above model while targeting
kidney resident cells like podocytes may yield dif-
ferent results. Other modifications like glycosyla-
tion and podocyte cytosolic IgG receptors may
play a role in modifying the effector function of
immunoglobulins in LN and may reveal novel
therapeutic targets.

Our studies have also revealed that silencing
FcRn prevents entry of IgG into podocytes and
ameliorates podocyte injury after exposure to IgG
from patients with LN [40

&

]. FcRn has been used in
several gastrointestinal therapeutics to deliver drugs
into specific cells and modulating their rate of deliv-
ery. This is another potential therapeutic target for
LN and may be considered to deliver engineered
therapeutics directly to podocytes. Lastly, pathways
involved in processing of immunoglobulins in
 Copyright © 2019 Wolters Kluwe
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podocytes and analysis of podocyte-specific anti-
bodies in lupus patients remain an active area of
research.
NON-IMMUNE LINKS TO PODOCYTE
INJURY

Podocytes in the urine may be markers of the severity
ofLN.Theirpresence is detectedonly inactivedisease
[61] and disappearance of podocyturia occurs after
treatment [62]. There has been consideration of
developing this as a marker of measurement of dis-
ease activity and severity particularly after treatment.
Increased glomerular Notch activity has been
reported in patients with chronic glomerular disor-
ders, including SLE [63]. More so, there is positive
linear correlation between the number of podocytes
expressing activated Notch2 and the number of resid-
ual podocytes in human nephrotic specimens. Spe-
cific activation of Notch2 ameliorates proteinuria
and glomerulosclerosis and its knockdown increases
podocyte apoptosis while its activation rescues them
in FSGS [63]. Further investigation of notch signaling
may be a novel clinical strategy for the amelioration
of glomerulosclerosis in LN.

Ubiquitin C-terminal hydrolase-L1 (UCH-L1) is
expressed in injured podocytes with an increase in
expression in proliferative glomerulonephritis like
LN compared to nonimmune complex-mediated
glomerulonephritis [64]. Its expression correlates
with the number of diseased podocytes [65]. The
significance of these results is yet to be determined
but it is known that the ubiquitin–proteasome path-
way has a number of functions including involve-
ment in immune and inflammatory responses but if
targeted, the drug should be kidney specific given
the abundance of this molecule in other cells of the
body including neurons.

Calcineurin is a ubiquitously expressed serine/
threonine phosphatase. The best-characterized
function of calcineurin is the regulation of the
nuclear factor of activated T-cells (NFAT) signaling.
The immunosuppressive action of the calcineurin
inhibitor, cyclosporin stems from the inhibition of
NFAT signaling in T-cells. While the antiproteinuric
effect of cyclosporine is thought to be due to the
inhibitory effect on T cells, there is evidence dem-
onstrating regulation of dephosphorylation and
thus stability of the podocyte protein synaptopodin
by CsA maintaining the cell’s cytoskeleton. Benefit
from this drug on glomerular filtration function
may be independent of T- or B-cells and likely due
to maintenance of the podocyte cytoskeleton
[66

&

,67–69]. Lupus podocytopathy has emerged as
a special entity of LN with distinct clinical–morpho-
logic features divided into two subtypes-minimal
r Health, Inc. All rights reserved.
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FIGURE 1. The immune podocyte. Molecules which are shared between immune cells and the podocyte are depicted
suggesting an active involvement in immune-mediated injury of the kidney. DAMPs/PAMPs, damage-associated molecular
patterns/pathogen-associated molecular patterns.

Immunopathogenesis and treatment of autoimmune diseases
change and FSGS [70]. Evaluating these patients
might be fruitful is deciphering further mechanisms
of podocyte injury in LN.
CONCLUSION

There is significant data highlighting the role of
podocytes in the pathogenesis of LN along with
animal data that demonstrates the therapeutic value
of preserving the podocyte cytoskeleton in this
disease (Fig. 1). Studies are needed to focus on
identifying pathways that may directly target renal
resident cells and maintain kidney tolerance to
autoimmunity. This can lead to novel approaches
and forego the use of prolonged immunosuppres-
sion in patients with lupus with the hope of reduc-
ing infections which are a major cause of death in
patients with LN.
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 CURRENT
OPINION Postactivated B cells in systemic lupus

erythematosus: update on translational aspects
and therapeutic considerations

Eva Schrezenmeiera,b, Sarah Y. Weißenberga,d, Ana-Luisa Stefanskia,c,
Franziska Szelinskia,d, Annika Wiedemanna,d, Andreia C. Linoa,d,
and Thomas Dörnera,d

Purpose of review
This review summarizes recent insights and current understanding of the role of postactivated B cells in SLE
and related pathogenic and potential therapeutic implications.

Recent finding
B cells are considered key players in SLE and experience from various B-cell-targeted therapies underlines
their clinical relevance. In the last years, new insights have been obtained on B-cell abnormalities within
the complex pathophysiology of SLE. These insights involve a revised understanding of BCR signaling, that
has been reported to be hyperresponsive in the past, but newer studies suggest a postactivation functiotype
in terms of reduced BCR and TLR signaling. Despite comprehensive efforts to delineate B-cell abnormalities
on assessing large-scale genomic, epigenomic and proteomic data, understanding functional impairments
of cellular interactions and subcellular functions remains crucial. A recently identified enhanced protein
tyrosine phosphatase (PTP) activity was found in relation to diminished BCR responses in SLE. This finding
together with reduced cytokine production upon TLR9 activation appears to mark postactivated lupus B
cells. Other studies identified increased PTP activity in line with a gain-of-function mutation of phosphatase
PTPN22, one of the strongest SLE risk alleles. Improved understanding of these B cell abnormalities in SLE
holds promise to gain further insights in mechanisms of autoimmunity and pave the way for selective
therapies targeting key principles of chronic autoimmunity.

Summary
SLE B cells (similar as previously described for lupus T cells) are characterized by a postactivation
(exhausted) functiotype mandating consideration for innovative therapies.

Keywords
autoimmunity, B cell, postactivation, systemic lupus erythematosus

INTRODUCTION

B cells are considered to play a key role in systemic
lupus erythematosus (SLE) as (auto)antigen-present-
ing cells, precursors of autoantibody-producing
plasma cells, and their ability to produce cytokines
and chemokines. So far, only belimumab targeting
the B cell cytokine BAFF/BLyS has shown repeatedly
superiority in clinical trials in SLE that confirms the
role of B-lineage cells in this disease.

Together with T cells, B-cell development is
intimately linked to long-term autoimmune mem-
ory, which continuously feeds the pool of autoanti-
bodies leading to a detrimental ‘feed forward loop’
of chronic immune activation resulting into tissue
damage [1

&&

]. Another key observation in SLE is

related to type I interferon (IFN). It is not known
whether and how B-cell abnormalities are related to
type I IFN in SLE including induction of autoreactive
plasma cells leading to a plethora of autoantibodies.

aDepartment of Medicine/Rheumatology and Clinical Immunology,
bDepartment of Medicine/Nephrology and Medical Intensive Care,
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KEY POINTS

� Four successful trials of belimumab in SLE indicate that
blocking BAFF/BLySS, and therefore indirect B-cell
targeting is of clinical value.

� Recent data on B cells in SLE patients suggest that they
are in a postactivation (exhausted) status with
diminished responses upon BCR and TLR stimulation.

� The underlying mechanism(s) of this functiotype remains
to be fully delineated, whereas epigenetic (e.g.
differential methylation of immune-related genes)
changes related to type I IFN, imbalances of protein
tyrosine kinase (PTK) versus increased protein tyrosine
phosphatases (PTP) appear to be involved.

� The mechanisms of induction, maintenance and how to
overcome the status of B-cell postactivation mandate
further research and could lead to new
selective treatments.

Immunopathogenesis and treatment of autoimmune diseases
With regard to B cells, however, studies on
antidsDNA and nucleosome autoantibodies and
peripheral plasmablasts correlating with lupus activ-
ity [2] led to the consideration of ‘hyperactive B cells
in SLE.’ Notably, there is not sufficient evidence that
lupus B cells have substantially decreased activation
thresholds for B-cell receptor (BCR) or toll-like
receptor (TLR) signals, respond abnormal to signals
in terms of activation or differentiation or produce
enhanced cytokines or chemokines. In contrast,
recent studies [3] found that SLE B cells produce
overall lower amounts of cytokines and chemo-
kines. In this review, we will present recent insight
into postactivated (exhausted, anergic) B cells in SLE
and potential therapeutic implications.
POSTACTIVATED B CELLS (EXHAUSTED;
ANERGIC) IN SYSTEMIC LUPUS
ERYTHEMATOSUS ARE CHARACTERIZED
BY DIMINISHED B-CELL RECEPTOR
SIGNALING

A key regulator of B-cell development is proper sig-
naling including specific BCR activation that is also
key for abnormal B-cell differentiation in autoimmu-
nity [4]. Genome-wide association studies (GWAS)
found risk genes within the BCR signaling cascade
(e.g. LYN, BLK and BANK1) associated with SLE
(Fig. 1) [5,6]. However, despite comprehensive efforts
to delineate B-cell abnormalities by assessing large-
scale ‘omics’ approaches, functional consequences of
these risk genes have not been fully delineated.

Recent studies started to evaluate BCR signaling
in human lupus B cells and identified impaired BCR
 Copyright © 2019 Wolters Kluwer H
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signaling characterized by reduced phosphorylation
of the BCR downstream kinase spleen tyrosine
kinase (Syk) and subsequently reduced Ca2þ mobi-
lization [7

&

] consistent with impaired responsive-
ness. Reduced Syk phosphorylation also negatively
affects the phosphorylation and activation of Bru-
ton’s tyrosine kinase (Btk) (own unpublished data)
but not protein kinase B (Akt) serine phosphoryla-
tion [7

&

]. This indicates a selective regulatory mech-
anism of BCR signaling rather than a more global
cellular inhibition. A recent preclinical study iden-
tified altered TLR responsiveness in B cells from NZB
mice, which is also present in NZBxNZW F1 and
B6xNZB F1 suggesting a dominant heritable defect
in B-cell tolerance. This study showed that TLR 4, 7
and 9 stimulation was able to overcome B-cell hypo-
responsiveness [8]. Studies in humans also found
impaired TLR9 signaling in B cells from patients
with SLE [9

&

]. In this context, reduced frequencies
of activated CD69þCD86þ and TACIþCD25þ B
cells and reduced IL-6 and IL-10 cytokine produc-
tion was found upon TLR9 stimulation of SLE B cells
[9

&

] (Fig. 2).
’B cell anergy’ has been termed mainly based on

diminished intracellular Ca2þmobilization together
with reduced PTK phosphorylation and represents a
nonreactive state of B cells [10]. A subset of
CD19þCD21� B cells was termed ‘exhausted’ based
on reduced BCR responsiveness [11]. In this context,
impaired functionality of the T-cell receptor (TCR)
associated CD3z Zeta-chain-associated protein
kinase 70 (ZAP-70) signaling complex [12] for CD4
T cells and CD8 T-cell exhaustion in virus infections
and autoimmunity was reported [13]. Thus, the role
of reduced BCR signaling in the development and
progression of autoimmunity may be co-existent
with T-cell hyporesponsiveness and needs to be fur-
ther assessed. Consistent with preclinical models
[14], current data support that B cells in SLE are
undergoing continuous activation by chronic anti-
gen or proinflammatory exposure. There is a possi-
bility that cognate autoreactive T cells can induce
autoreactive plasma cells. To which extent ‘postacti-
vated’ B cells can contribute to the autoreactive
plasma cell pool and which key signals are required,
is not clear, whereas both naive and memory B cells
can directly differentiate into lupus plasma cells [15].

No clear definition or nomenclature exists for a
controlled status after activation of lymphocytes.
Therefore, terms, such as postactivation, anergic,
aged, exhausted are used but possibly reflect a com-
parable functional status that carries an enhanced
activation threshold of adaptive immune receptor
and prevents detrimental cell loss by overactivation,
and thus preserves immunological memory. As
such, the identified B-cell functiotype advances
ealth, Inc. All rights reserved.
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FIGURE 1. Lupus risk genes with potential involvement in impaired B-cell receptor and T-cell receptor signaling. Risk genes
from GWAS studies are shown in brown. BANK1, B-cell scaffold protein with ankyrin repeats 1; BCR, B-cell receptor; BLNK,
B-cell linker protein; BTK, bruton tyrosine kinase; CSK, C-Src kinase; CTLA4, cytotoxic t-lymphocyte-associated protein 4; DAG,
diacylglycerol; ERK, extracellular-signal regulated kinases; FCgRIIB, Fc-g receptor IIB; IP3, inositol trisphosphate; IP3R, inositol
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transcription 4; Syk, spleen tyrosine kinase; Traf6, TNF receptor-associated factor 6; TCR, T-cell receptor; TLR, toll-like receptor;
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induced protein 3.

Postactivated B cells in SLE Schrezenmeier et al.
our understanding of stability and adaptation of
humoral memory at the expense of positive selec-
tion in autoimmunity and possibly impaired
immune protection.

The molecular mechanisms inducing, maintain-
ing and resolving the functiotype of B-cell postacti-
vation have not been fully delineated. Potential
candidates, such as protein tyrosine phosphatases,
epigenetic regulation and costimulatory interaction
with T cells will be addressed below.
INCREASED PROTEIN TYROSINE
PHOSPHATASE ACTIVITY IN
POSTACTIVATED B CELLS

There is great complexity of receptor-type and non-
receptor type phosphatases with distinct substrate
specificity and involvement in certain cellular path-
ways and lymphocytes.
 Copyright © 2019 Wolters Kluwe
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As noted above, protein tyrosine kinase (PTK)
abnormalities appeared to be critically involved in
BCR signaling and possibly also cell fate decisions.
Here, a homeostasis between PTK and protein tyro-
sine phosphatase (PTP) activity appears to be in
place under healthy conditions whereas a disba-
lance may lead to abnormal function including
emergence of autoimmunity. One of the most
prominent and well studied PTPs playing a role in
autoimmunity is PTPN22, a nonreceptor-type pro-
tein tyrosine phosphatase. PTPN22 has been
described as negative regulator of BCR signaling
by dephosphorylating kinases of the Scr or Syk
families and operates in diverse pathways, for exam-
ple, antigen receptor signaling like BCR and T-cell
receptor (TCR) but also plays a role in TLR-mediated
signaling and cell adhesion [16,17]. Previous GWAS
found an association between the R620W polymor-
phism of PTPN22 and various autoimmune diseases,
r Health, Inc. All rights reserved.
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Immunopathogenesis and treatment of autoimmune diseases
for example, SLE [18
&

], rheumatoid arthritis [19] and
primary Sjögren’s syndrome (pSS) [20]. The R620W
polymorphism has been linked to an increased
autoreactive compartment in B cells [21]. Homozy-
gote and heterozygote carriers of the risk allele,
although being nonautoimmune, exhibit extended
numbers of polyreactive transitional and naive B
cells [22]. A subsequent study provided proof that
inhibition of PTPN22 results in a reduced number of
autoreactive cells in mice [23]. Other preclinical
data suggested an intrinsic mechanism of PTPN22
for autoreactivity as B cells carrying these risk loci
exhibited more self-reactivity [23]. R620W is con-
sidered a gain-of-function variant with reduced
phosphorylation on inhibitory site Tyr536 [24]
linked to reduced BCR responses.

Other nonreceptor-type phosphatases like phos-
phatase and tensin homolog (PTEN), a protein tyro-
sine and phosphatidylinositol phosphatase and
phosphatidylinositol phosphatase SHIP-1 are also
of interest. PTEN is an antagonist in the phosphoi-
nositide 3-kinase (PI3K)/Akt signaling pathway and
 Copyright © 2019 Wolters Kluwer H
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regulates cell cycle, proliferation and cell survival.
PTEN has been reported to be downregulated by
microRNA-198 [25

&

] and microRNA-130b [26]. Both
microRNAs are increased in SLE and correlate with
disease activity [26]. Similar to PTEN, SHIP-1 also
negatively regulates PI3K pathways. Mouse models
with SHIP-1 deficiency in regulatory B cells exhibit a
lupus-like phenotype [27]. Both findings suggest an
important role of phosphatases in the prosurvival
regulation of autoimmune lymphocytes.

T-cell studies identified further phosphatases
with potential interest regarding their lymphocytes
modulation capacity. Notably, serine/threonine
protein phosphatase 2A (PP2A) has been intensively
investigated for SLE T cells. In previous studies,
mRNA and protein levels of the catalytic subunit
of PP2A were increased in T cells from SLE patients
[28]. One function of PP2A is to supress IL-2 pro-
duction, a characteristic deficiency of patients with
SLE [28]. Caution should be taken in case of target-
ing PP2A as a Treg-specific PP2A deficiency can lead
to severe autoimmunity [29].
ealth, Inc. All rights reserved.
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We are just at the beginning to understand the
complexity of phosphatases and their role in regu-
lating lymphocyte functions in autoimmunity.
Although there is lack of sufficiently selective phos-
phatase modulators [30], intervening and fine-tun-
ing phosphatase activity could be an innovative
strategy to overcome immune abnormalities in SLE.
EPIGENETICS OF POSTACTIVATED B
CELLS IN SYSTEMIC LUPUS
ERYTHEMATOSUS

Epigenetic changes have been suggested to contribute
to SLE pathogenesis. Here DNA methylation is the
most studied. Among other epigenetic modifications,
DNA hypomethylation is associated with active gene
expression, whereas cytosine guanine methylation is
linked to decrease DNA accessibility and gene silenc-
ing. It is widely known that promoter regions of SLE
susceptibility-associated genes are hypomethylated
[31,32]. Furthermore, a lupus-like syndrome can be
induced inmiceby the transferof lymphocytes treated
with inhibitors of DNA methylation [33].

A recent study analyzed DNA methylation of
whole blood from 548 SLE patients and 587 healthy
donors using Illumina HumanMethylation 450k
BeadChip (HM450K) and confirmed a characteristic
demethylation of type I interferon regulated genes
in SLE, independently of disease activity. Among the
31 most differentially methylated CpGs (DMCs)
were CpGs localizing to genes like IFI44L, IRF7 or
MX1 and only three were type I interferon unrelated
[34]. Absher et al. studied DNA methylation of
CD19þ B cells, CD4þ T cells and CD14þmonocytes
from 49 SLE patients and 58 healthy donors using
HM450K technology. In all populations, hypome-
thylation of type I IFN-regulated genes, for example,
IRF7 and IFI44L was found. Interestingly, 166 CpGs
were found in B cells, 1033 and 97 DMCs were found
in T cells and monocytes, respectively [35]. It is of
interest that the study identified seven B-cell specific
DMCs located in seven genes, including TMEM127
[35], a negative regulator of mTOR involved in B-cell
survival as well as a hypermethylated CpG located in
STAT3 [35]. How these DMCs contribute to the
induction and maintenance of SLE B-cell abnormal-
ities is not known.

A recent study analyzed DNA methylation in
pairs of SLE-discordant twins using an HM450K
approach and pyrosequencing for conformation.
The study found that, with the exception of hypo-
methylated IFN type I-regulated genes (e.g. IFI44L),
B cells presented with hypermethylated CpGs in the
promoter regions of 470 genes, among them DDR1
[36

&&

], that encodes for CD167a, a receptor tyrosine
kinase involved in B-cell signaling. They further
 Copyright © 2019 Wolters Kluwe
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observed a flare-dependent interferon signature,
which is in contrast with previous reports [35].

Hypomethylation of type I interferon-regulated
genes raised the question if this can be predictive of
further SLE induction [37]. In this context, Zhao
et al. probed DNA methylation levels of two CpG
located in the promoter region of IFI44L in 1350
healthy donors and in 1144 SLE, 429 RA and 199 pSS
patients. They found that hypomethylation at these
CpGs was highly specific of SLE and proposed it as
biomarker of SLE disease activity. These data need
confirmation as at least one CpG reported has also
been described to be highly hypomethylated in B
cells from pSS patients [38].

In summary, DNA methylation analyses provide
evidence that SLE B cells are apparently affected by
type I IFN. Type I IFN candidates as potential
inducer or at least co-factor of B cell postactivation,
but formal proof and identification of the underly-
ing mechanisms are lacking.
ROLE OF COSTIMULATION AND
COINHIBITION IN SYSTEMIC LUPUS
ERYTHEMATOSUS

Costimulatory and coinhibitory pathways represent
major regulatory principles of immune activation
and maintaining homeostasis by checks and balan-
ces. This has relevance for both host defense and
maintenance of self-tolerance. For T-cell and B-cell
interaction, the CD40/CD40L costimulatory axis is of
special interest as the ligation not only activates T
cells but also promotes B-cell class switching and
somatic mutation during germinal center reaction.
Recently, an expanded population of nonexhausted
‘peripheral helper’ T cells characteristically express-
ing PD-1hiCXCR5-CD4þwas found in the synovium
of rheumatoid arthritis (RA) patients [39

&&

]. These
cells were found to promote B-cell responses leading
to the suggestion that T-cell help to B cells at the site
of inflammation might also be key for activation of
postactivated B cells. The importance of T-cell help in
autoimmunity is further emphasized by enhanced
induction of T-follicular helper cells in SLE. Early
studies blocking CD40/CD154 interaction with a
monoclonal antibodyshowedclinical improvements
in SLE [40] and idiopathic thrombocytopenic pur-
pura (ITP) [41] but had severe thromboembolic com-
plications, likely because of Fc activity on platelets
and endothelial cells. However, characteristic abnor-
malities of lupus B cells could be restored under this
therapy [42]. This may not only indicate that block-
ing CD40 is a potential pathway to overcome post-
activation of B cells but also indicates that T-cell help
is crucial for their activation. In this context, BCR
signaling of an autoreactive anergic B-cell subset has
r Health, Inc. All rights reserved.
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been restored by TH2 signals (IL-4 and CD40L) [43].
Along this line, a phase I clinical trial using a pegy-
lated monoclonal (dapirolizumab) showed improve-
ment in disease activity, changes in genes associated
with B and plasma cell function and reduced expres-
sion of type I IFN-response genes [44

&&

].
Regarding coinhibitory interactions including

(PD-1 family or PD-L1/L2-family) [45] little is known
about their expression and functionality in SLE
[46,47].

CTLA4, another coinhibitory receptor, inhibits
T-cell co-stimulation via CD28 by binding to CD80/
CD86 with a higher affinity as CD28. In GWAS
analysis, CTLA4 co-stimulatory signal during T-cell
activation was highly associated with the risk of SLE
[5] but interventions using abatacept, approved for
rheumatoid arthritis, showed no clear efficacy in
SLE, although well tolerated [48–50].

Structurally and functionally related to CD28, the
costimulatory receptor inducible T-cell costimulator
(ICOS) (CD278) is essential for T-cell activation, pro-
motes humoral immunity and is known to be higher
expressed in SLE CD4þ and CD8þ T cells [51]. A
human antibody that targets ICOS ligand (ICOSL,
 Copyright © 2019 Wolters Kluwer H

Table 1. Clinical developments targeting B-lineage cells (directly

Mechanism Target Compound

Cytokine inhibition IL-21 BOS161721

IFN-alpha antagonist IFN-alpha kinoid

IFN-alpha inhibitor RSLV-132

Cytokine as target IL-2 agonist ILT-101

Co-stimulatory pathways S1P1 receptor antagonist Cenerimod

CD28 Theralizumab

CD40L Dapirolizumab p

CD40 BI 655064

CD40 CFZ533

CD28 Theralizumab TA

B cell CD19 XmAb-5971/SM

FCgRIIB modulator SHP652 (SM10

CD20 Obinutuzumab

BAFF/APRIL Atacicept

Receptor bound BAFF VAY 734

Plasma cells Proteasomeinhibitor KZR-616

Intracellular kinases JAK1 and JAK2 Baricitinib

JAK1 Filgotinib

Tyk2 BMS-986165

Bruton’s tyrosine kinase/BTK M2951

GDC-0853

Syk Fostamatinib (R7

GS-9876

Phase II; www.clinicaltrialsgov; accessed 3 November 2018. FCgRIIB, Fc-g receptor
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CD275), is currently in clinical trials and promising
results of active SLE arthritis have been reported [52].

So far first therapeutic interventions interfering
with costimulatory pathways (CD40L and ICOSL)
remain promising, whereas coinhibitory pathways
of B-cell activation have not been intensively stud-
ied in clinical programs.
EXTRACELLULAR TARGETS

In addition to blockade of key cytokines involved in
B-cell development, such as IL-21, there are cur-
rently clinical developments evaluating surface
molecules as targets of interventions in SLE
(Table 1), such as CD19 (including CAR T cells) as
well as FCgRIIB. Data on efficacy and safety from
these phase II trials will guide further evaluations.

Rituximab followed by belimumab treatment
has been tested in human disease, first in case
reports of SLE [53,54] and pSS [55]. It is known if
autoreactive B cells have an increased requirement
for BAFF [56] and that serum BAFF levels correlated
with changes in antidsDNA antibody titers [57].
There is the possibility that after the depletion of
ealth, Inc. All rights reserved.
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postactivated B cells by anti-CD20 therapy repopu-
lating B cells are prevented from B-cell activating
factor (BAFF)exposureasa potential factor connected
to their hyporesponsiveness. Recent data from clini-
cal trials show inconclusive results. The phase IIA,
single arm study of Kraaij et al. [58] reported promis-
ing results in reaching its primary endpoint, but with
the limitation of a lacking control group. The CALI-
BRATE study, which was performed as a prospective
randomized study, did not observe a difference in
active lupus nephritis comparing prednisone/cyclo-
phosphamide versus add on rituximab followed by
belimumab group [59]. Further studies need to eval-
uate theclinicalbenefitof sequential or simultaneous
B-cell depleting therapy.
INTRACELLULAR B-CELL TARGETS

Targeting BCR downstream PTKs provide a further
rationale of drug development. Signaling through
Syk leads to the activation of BTK and PI3K path-
ways. The inhibition of Syk has been studied in
clinical trials of RA patients where fostamatinib
overall showed modest efficacy [60]. Nevertheless,
in ITP it has been granted for treatment of refractory
cases in 2018 [61] indicating its clinical value. Syk is
not only related to BCR signaling but also involved
in signaling of TLR [62] as well as activating Fc
receptors expressed by macrophages, platelets, nat-
ural killer (NK) cells and osteoclasts [63]. Thus, the
clinical impact of Syk inhibition is very likely not
exclusively because of targeting BCR signaling.

The downstream kinase, BTK is also not only
uniquely expressed by B cells but also by monocytes/
macrophages and neutrophils. BTK inhibitors can be
irreversible inhibitors that form a covalent bond
with the amino acid residue Cys481 or reversible
inhibitors that access the specific SH3 pocket of BTK
[64]. The most commonly used inhibitors approved
as treatment of CLL, ibrutinib and acalabrutinib are
irreversible inhibitors but have so far not been stud-
ied in autoimmunity [64]. Currently it is not clear if
any of the BTK inhibitors have an acceptable risk/
benefit profile and if there are differences between
reversible or irreversible inhibitors. Currently a
phase II clinical trial is ongoing with evobrutinib
in SLE (NCT02975336), which has met its primary
endpoint in a phase IIb clinical trial in patients with
multiple sclerosis (NCT02975349).
ROLE OF PLASMABLASTS/PLASMA
CELLS IN SYSTEMIC LUPUS
ERYTHEMATOSUS

Plasma cells and plasmablasts are producers of auto-
antibodies, some of them, such as pathogenic
 Copyright © 2019 Wolters Kluwe
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antidsDNA are considered to be expressed by
short-lived plasma cells, whereas anti-extractable
nuclear antigen antibodies producing plasma cells
appear to be produced by long-lived plasma cells.
The number of circulating plasmablasts is increased
in SLE [2] and has been confirmed as marker of
disease activity [65]. It has been known for a long
time that plasma cells do not sufficiently respond to
conventional or B-cell-targeting therapies, and thus,
autoreactive as well as protective plasma cells are
maintained in the bone marrow.

Inhibition of B-lineage survival factors APRIL
and BAFF and their receptors have been studied
extensively during the last years. Whereas trials
targeting APRIL and BAFF by atacicept (TACI-Ig)
[66], targeting BAFF by tabalumab [67,68] or blisi-
bimod [69

&

] has not been successful so far, but four
independent trials using belimumab [70–73] in SLE
reached their primary endpoint and also demon-
strated biologic efficacy on plasma cells as evidenced
by reducing immunoglobulin levels. Long-term
studies of belimumab could show that immuno-
globulin reductions do not enhance global or spe-
cific infectious risk [74]. From the reverse
translational perspective, data on belimumab as
the only approved biologic for SLE, provide cur-
rently compelling evidence that B-lineage targeting
is a valuable approach and provides the foundation
to expand beyond BAFF inhibition.

Treatment with the proteasome inhibitor borte-
zomib (Bz) has a potential to co-target plasma cells as
reported for a lupus model of MLR/MpJ-lpr/lpr mice
with decreased antidsDNA and immunoglobulin
titers [75]. In humans, the effect of Bz has been
studied in small open clinical trials. One study
showed significant depletion of short-lived and
long-lived plasma cells and a decrease of serum
immunoglobulin levels, but a rapid recurrence of
short-lived plasma cells after the treatment cycle
was observed suggesting that combination with
selective anti-B-cell therapies might enhance efficacy
[76]. In another study with 14 refractory SLE patients,
most of the patients discontinued treatment, some
because of adverse effects (neurotoxicity), and no
decrease of antidsDNA levels was detected [77]. Data
with the new generation proteasome inhibitor car-
filzomib are awaited for lupus patients.

Targeting CD38 expressed on plasma cells as
well as activated (T and B) lymphocytes using dar-
atumumab (approved for multiple myeloma) could
be another therapeutic strategy targeting plasma-
blast/plasma cell based on their high expression of
CD38. Daratumumab leads to profound depletion of
plasmablast/plasma cell in vitro [78] and is expected
to deplete CD38 expressing B and T cells, but no
clinical data are available for SLE.
r Health, Inc. All rights reserved.
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Another study showed that CXCL13 levels in
serum of patients correlate with plasmablast fre-
quencies and disease activity, suggesting enhanced
migration to germinal centers followed by increased
plasmablast generation [79].

Phenotypic characterization of circulating plas-
mablast in lupus patients revealed that at least two
plasmablast subsets are present in the blood of SLE
patients. First, a systemic IgG phenotype expressing
CD62L and secondly a mucosal phenotype express-
ing IgA, CCR10 and b7 integrin constituting almost
half of the plasmablast compartment with varying
co-expression [80

&

]. These two plasmablast/plasma
cell signatures suggest that SLE patients carry an
overwhelmingly activated immune system that
constitutes systemic as well as mucosal immune
activation.

It remains to be shown if selective targeting of
plasma cells in a heterogeneous disease, such as SLE
will have a sufficient impact on the disease or
whether additional cotargeting of other cell types
is required for sufficient clinical utility along with
acceptable safety.
CONCLUSION

B-lineage cells are considered key players in SLE
pathogenesis, and experiences with anti-BAFF block-
ade using belimumab provide evidence that anti-B
lineage therapy in SLE has clinical relevance. Within
the last years, new insights have been obtained on B-
cell abnormality in this complex disease.

Most notably and in contrast to prior notions of
hyperresponsive B cells in SLE, these cells carry a
postactivation functiotype in terms of BCR and TLR
signaling. This has been confirmed in a widely
accepted mouse model as well as in human disease.
Current research addresses the question whether
postactivation is regulated on the transcriptional,
epigenetic or proteomic level. Abnormalities in
phosphatase activity provide evidence that these
enzymes are involved in diminished BCR responses
of postactivated SLE B cells. To which extent other
signaling pathways, such as Jak/Stat, costimulatory
and coinhibitory pathways might also be involved
in induction, maintenance or resolution of this
cellular condition with potential therapeutic impli-
cations will be the subject of ongoing preclinical and
clinical research. Targeting intracellular signaling B-
cell pathways, that is, inhibition of BTK, Syk as well
as key nodes of cell–cell interactions, such as check-
point molecule interaction are subject of ongoing
clinical developments.
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 CURRENT
OPINION Gene-function studies in systemic lupus

erythematosus

Florencia Rosettia, Abigail de la Cruzb, and José C. Crispı́na

Purpose of review
The aim of this review is to discuss recent developments in our understanding of how systemic lupus
erythematosus (SLE)-associated genes contribute to autoimmunity.

Recent findings
Gene-function studies have revealed mechanisms through which SLE-associated alleles of IFIH1, TNFAIP3,
IRF5, and PRDM1 likely contribute to the development of autoimmunity. Novel research has identified Mac-
1 (encoded by ITGAM), CaMK4, and iRhom2 as plausible therapeutic targets in lupus nephritis.

Summary
The work discussed in this review has broad implications for our understanding of the pathogenesis of SLE
and for the development of novel therapeutic strategies.

Keywords
CAMK4, IFIH1, IRF5, PRDM1, RHBDF2, systemic lupus erythematosus, TNFAIP3

INTRODUCTION

The pathogenesis of systemic lupus erythematosus
(SLE) is not fully understood. Environmental fac-
tors trigger a loss of immune tolerance that pro-
gressively develops into a chronic autoimmune
response. This response becomes pathological
when, in the context of a heightened inflamma-
tion, it causes target organ damage [1]. As the
triggers linked to SLE are ubiquitous, the current
paradigm assigns importance to elements that
skew responses to environmental factors towards
inflammation and self-reactivity. The identifica-
tion of common genetic variants enriched in
patients with SLE, represents an opportunity to
analyze whether their presence affects the expres-
sion and/or function of genes in a manner that
facilitates the development of lupus or a lupus-
associated clinical phenotype [2]. Knowledge of
how each disease-associated variant impacts gene
expression in a cell-dependent and context-depen-
dent fashion, will allow us to understand the path-
ways through which each hereditary element
affects the development of disease. On the other
hand, genes not identified in genomic screens have
been associated with SLE through functional stud-
ies. In such cases, the altered expression and func-
tion of the gene may stem from cellular adaptation
to disease, for example, through epigenetic mech-
anisms. Although not primary, defects in the

function of these genes may undoubtedly contrib-
ute to disease. The aim of this review is to discuss
recent developments in our understanding of how
SLE-associated genes contribute to autoimmunity.

ITGAM

Nonsynonymous single nucleotide polymorphisms
(SNPs) located in ITGAM, the gene that encodes
CD11b (Mac-1 integrin a chain), are strongly asso-
ciated with SLE [3–5]. Mac-1 regulates signaling
pathways essential for effector functions of myeloid
and B cells, including type I interferon (IFN) recep-
tors, Fcg receptors, Toll-like receptors (TLRs), and B-
cell receptors [6–9]. The SLE-associated SNPs repre-
sent hypofunctional mutations, as they confer
defects in Mac-1 ligand binding [10]. Functional
analysis of the R77H variant (rs1143679) revealed
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KEY POINTS

� Genetic variants associated with SLE increase the
inflammatory capacities of lymphoid and myeloid cells
by affecting gene regulation or protein sequence.

� Disease-associated genetic variants may exert their
effects in specific cells, upon specific triggers.

� Regulation of genes not linked to SLE through
association studies may be altered in autoimmune
disease as a consequence of other inflammatory stimuli
or epigenetic changes.
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an important role for the b propeller in the allosteric
relay that allows integrin activation [11]. As the
complete activation of Mac-1 is necessary for its
effector functions, defects on the mechanisms that
govern this process can dampen its regulatory capac-
ity and contribute to inflammation in SLE.

Activation of Mac-1 with an agonist (LA1), sup-
pressed TLR-induced type I interferon (IFN) produc-
tion, through an AKT-FoxO3-IRF3/7 pathway.
Importantly, pharmacological activation of Mac-1
corrected the defective inhibition of TLR signaling
observed in cells carrying SLE-associated ITGAM
SNPs [12

&

]. LA1 decreased cytokine production
and mortality in mice subjected to cecal ligation
and puncture, a model of sepsis. In lupus-prone
MRL/lpr mice, LA1 ameliorated skin inflammation,
antidsDNA antibody production, and nephritis,
suggesting that Mac-1 activation could represent
a useful therapeutic strategy, in particular, in
patients with SLE that carry ITGAM genetic variants
[12

&

].
IFIH1

IFIH1 (also known as MDA5) is a helicase that senses
long cytoplasmic double-stranded RNA (dsRNA) and
induces the production of type I IFN and other pro-
inflammatory cytokines whenever activated [13]. A
nonsynonymous SNP (rs1990760), located in exon
15 of IFIH1 (A946T) was associated with type 1
diabetes [14]. Later studies linked this SNP to other
autoimmune diseases, including SLE [15,16].

The pathogenic relevance of IFIH1 was sug-
gested by the development of an IFN-dependent
lupus-like syndrome characterized by the develop-
ment of autoantibodies (antinuclear and anti-
dsDNA) and immune-mediated nephritis, in mice
with a gain-of-function mutation in Ifih1 [17]. In
concordance, transgenic overexpression of the wild-
type allele of Ifih1 worsened disease in Fcgr2b-/-

lupus-prone mice [18]. These studies demonstrated
that increased function of IFIH1 could contribute to
 Copyright © 2019 Wolters Kluwer H
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SLE by increasing the production of type I IFN and
perhaps other cytokines.

Early work analyzing the effects of the A946T
substitution suggested it represents a gain-of-function
variant [19,20]. When peripheral blood mononuclear
cells (PBMCs) from healthy donors, homozygous for
the risk or the protective allele, were compared, the
presence of the A946T substitution was associated
with increased transcription of IFN-b and type I
IFN-induced genes (ISGs). The differences were mod-
est and, intriguingly, were observed before and after
stimulation with poly(I:C) [21

&&

]. In the same report,
the effects of the A946T variant were analyzed in
HEK293 cells deficient in ADAR1, an enzyme that
performs adenosine-to-inosine RNA editing. This pro-
cess destabilizes duplexes derived from repetitive ele-
ments in RNA. Therefore, the lack of ADAR1 increases
the abundance of cytoplasmic self-RNA duplexes. In
these cells, the presence of the IFIH1 risk allele led to a
significant increase in the transcription of IFN-b, sug-
gesting that IFIH1 is able to sense self-RNA ligands
[21

&&

]. Finally, Gorman, et al., analyzed a knock-in
mouse harboring the A946T substitution. The lupus-
associated variant was associated with increased titers
of antidsDNA antibodies in a lupus model [22]
induced by the transfer of BM12 CD4þ T cells into
C57BL/6 mice [21

&&

].
An interesting observation of the studies that

analyze the effects of the IFIH1 variants, is that the
allele that confers risk for SLE and other autoim-
mune diseases by increasing IFN-b (A946T), confers
protection against viruses, both in in-vitro [21

&&

]
and in-vivo systems [18,21

&&

]. This illustrates how
a genetic variant that is not intrinsically pathogenic
and can even represent an evolutionary advantage,
can, in certain settings, promote autoimmune dis-
ease (Fig. 1).
TNFAIP3

A20, encoded by TNFAIP3, downregulates signaling
through the NF-kB pathway in response to a large
number of stimuli including TNF-a, IL-1b, and
pathogen-associated molecular patterns (Fig. 2)
[23]. The importance of this gene is illustrated by
the severe inflammatory phenotypes that complete
or partial TNFAIP3 deficiency causes in mice [24]
and humans [25].

Polymorphisms in TNFAIP3 have been linked to
SLE and other autoimmune and inflammatory dis-
eases [26,27]. However, risk-conferring polymor-
phisms in TNFAIP3 are noncoding and have been
proposed to fall within regulatory regions.

TNFAIP3 is located in the center of a �305 kb
topologically associating domain (TAD) that con-
tains multiple putative enhancers marked by
ealth, Inc. All rights reserved.
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FIGURE 1. The autoimmunity-associated IFIH1 allele represents a gain-of-function variant. In the setting of a viral infection, it
induces a more robust IFN response that leads to a more efficient viral clearance. However, the risk allele can also enhance
the detection of nonpathogenic self-RNA and drive an unwanted IFN response that can contribute to autoimmunity. IFN,
interferon; ISG, IFN-stimulated genes.
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histone 3 lysine 4 monomethylation (H3K4me1).
This is important, because several SLE-associated
SNPs overlap with enhancers [28

&&

]. Mice deficient
in Tnfaip3 were crossed with mice carrying bacterial
artificial chromosomes (BAC) encoding the human
TNFAIP3 along with large adjacent genomic regions.
The BAC transgenes restored the expression of A20
in different cell lineages. However, A20 expression
was significantly lower in mice with a BAC that
lacked the downstream untranslated region of the
gene. These mice exhibited higher mortality in an
LPS challenge and spontaneously developed arthri-
tis. Thus, the genomic region downstream of
TNFAIP3 contains essential enhancers needed to
achieve physiological levels of A20 [28

&&

].
Two SLE-associated SNPs (rs148314165 [-T] and

rs200820567 [T>A]) affect an NF-kB-binding site
located within an enhancer in the genomic region
 Copyright © 2019 Wolters Kluwe
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downstream of the TNFAIP3 [28
&&

,29]. The TT>A
allele binds NF-kB with less affinity and is associated
with decreased expression of A20 [29]. Sokhi et al.
[28

&&

], targeted it using CRISPR/Cas9; its deletion
significantly reduced the transcription of TNFAIP3,
in particular in lymphocytes. Interestingly, the
effects of deleting the TT>A enhancer were less
marked in macrophages and synovial fibloblasts
[28

&&

]. In concordance, Wang et al. [30
&&

] used tran-
scription activation-like effector nucleases (TALENs)
to disrupt the TT>A enhancer in HEK293 cells.
Again, loss of the NF-kB-binding site impaired A20
expression. Interestingly, the formation of DNA
loops between the enhancer and the promoter
regions of TNFAIP3 was lost when the NF-kB binding
site was mutated [30

&&

].
In summary, polymorphisms in TNFAIP3 asso-

ciated with SLE impair A20 expression by altering
r Health, Inc. All rights reserved.
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FIGURE 2. Inflammation-induced A20 downregulates NF-kB signaling. NF-kB, activated by inflammatory cytokines or
pathogen-associated molecular patterns, binds to an enhancer downstream of the TNFAIP3 (A20) transcription start site (TSS),
promoting the formation of a DNA loop that facilitates transcription. SLE-associated variants exhibit lower NF-kB binding and
consequently are associated with decreased levels of A20 that promote increased inflammation. SLE, systemic lupus
erythematosus.
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the binding of NF-kB and interfering with the for-
mation of enhancer–promoter DNA loops. Defec-
tive downregulation of NF-kB signaling and,
consequently, increased inflammation probably
facilitate autoimmune organ damage in carriers of
these variants (Fig. 2).
PDP2

Cell metabolism is intimately involved in CD4 T-cell
differentiation [31] and metabolic abnormalities
have been documented in T cells from patients
and mice with lupus [32]. The balance between
glycolytic and oxidative metabolism is regulated
by pyruvate dehydrogenase (PDH), whose activity
is controlled by PDH kinases and phosphatases [33].

The transcriptional repressor ICER (inducible
cAMP early repressor), excessively abundant in
T cells from patients with SLE, promotes Th17
 Copyright © 2019 Wolters Kluwer H
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differentiation [34]. A recent report identified PDH
phosphatase catalytic subunit 2 (PDP2) as a gene
involved in the regulation of IL-17 expression by
ICER [35

&

]. Through the activation of PDH, PDP2
inhibits glycolysis, and therefore Th17 differentia-
tion. Th17-skewing conditions induce the expression
of ICER [34], which suppresses PDP2 transcription.
Through this mechanism, ICER facilitates the differ-
entiation of Th17 cells [35

&

]. In patients with SLE,
increased ICER expression maintains PDP2 levels
low, favoring Th17 differentiation [35

&

].
INTERFERON REGULATORY FACTOR 5

IRF5 (interferon regulatory factor 5) becomes acti-
vated by pattern recognition receptors, such as TLRs
and NOD2. Activated IRF5 migrates into the nucleus,
where it promotes the transcription of type I IFN and
other pro-inflammatory cytokines [36]. Genetic
ealth, Inc. All rights reserved.
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variants of IRF5 have been robustly associated with
SLE; the risk-conferring alleles increase the expres-
sion of IRF5 and allow the expression of unique iso-
forms produced by alternative splicing [37].

IRF5 is involved in the differentiation of macro-
phages into the M1 phenotype [38]. Its activation
allows macrophages to instruct the differentiation
of CD4 T cells into the pro-inflammatory subsets
Th1 and Th17 [38]. Therefore, increased expression
of IRF5 could grant excessive pro-inflammatory
capacities to macrophages from individuals carrying
the risk allele.

In human monocyte-derived macrophages,
IRF5 modulates M1 differentiation through Akt2-
dependent metabolic changes. Macrophages from
individuals homozygous for IRF5 SLE-associated
alleles expressed higher IRF5 levels, increased
Akt2 activation upon exposure to muramyl dipep-
tide, and increased MAP kinase and NF-kB signal-
ing. Collectively, these features led to augmented
glycolysis and M1 polarization following NOD2
activation [39]. As inhibition of glycolysis has
improved autoimmunity in mouse models of lupus
[40], this mechanism may be susceptible of being
modulated pharmacologically.

IRF5 is also expressed by lymphocytes and has
been shown to regulate several processes in B cells.
In mice, IRF5 plays a role in isotype switching and
plasma cell differentiation [41,42]. Accordingly, Irf5
deficiency ameliorates disease in pristane-induced
lupus [42] and in MRL/lpr mice [43]. The differenti-
ation of age-associated B cells (ABCs), a B-cell subset
associated with autoimmunity [44], depended on
Irf5 in DEF6 and SWAP-70 double knockout mice
[45]. Therefore, evidence generated in murine mod-
els suggests that IRF5 overexpression in B cells may
contribute to autoimmunity.

A report that explored the role of IRF5 in human
naı̈ve B cells using RNA interference, found that it is
an early regulator of activation, essential for B-cell
proliferation, isotype switching, plasmablast differ-
entiation, and IgG secretion [46

&

]. Whether IRF5
overexpression exerts B cell-intrinsic effects in SLE
is, however, controversial. Although initial reports
showed that the risk alleles increased the expression
of IRF5 in EBV-immortalized B-cell lines [37], or
transcription of IRF5-dependent genes in B cells
infected with EBV [47], a recent study conducted
on primary B cells from healthy individuals chal-
lenged this notion as it found that SLE-associated
IRF5 alleles do not modify the expression of IRF5 in
human B cells [48

&

]. This same work did observe risk-
allele-associated increased IRF5 expression in mye-
loid cells, raising the possibility that the polymor-
phisms linked to SLE exert their effect mainly
through myeloid cells.
 Copyright © 2019 Wolters Kluwe
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CALCIUM/CALMODULIN-DEPENDENT
PROTEIN KINASE IV

Podocytes, essential for the maintenance of the
glomerular filtration barrier, are affected during
lupus nephritis [1]. They surround glomerular
capillaries with specialized foot processes whose
structure depends on the regulation of actin fila-
ments by calcium signaling [49]. Abundance of
CaMK4 (calcium/calmodulin-dependent protein
kinase IV) is increased in glomeruli of patients with
SLE [50]. This anomaly is likely involved in the
development of podocyte injury, as increased func-
tion of CaMK4 alters actin dynamics through the
dephosphorylation and subsequent proteolytic deg-
radation of nephrin and synaptopodin, critical reg-
ulators of this process [50]. To evaluate the relevance
of excessive CaMK4 activity in podocytes during
glomerulonephritis, podocyte-specific CaMK4 inhi-
bition was tested. Nanolipogels loaded with KN93, a
specific CaMK4 inhibitor, were aimed at podocytes
by coating them with antipodocin or antinephrin
antibodies. This targeted therapy significantly
reduced glomerular damage in MRL/lpr mice, as
evidenced by decreased immune complex and C3
glomerular deposition, proteinuria, and histological
injury. Expression of nephrin and synaptopodin was
restored by podocyte-specific inhibition of CaMK4
[51

&&

]. These results highlight the concept that non-
immune tissue-resident cells play an important role
in the pathogenesis of autoimmune diseases by
determining tissue resilience to inflammatory
insults. Moreover, they illustrate the potential ben-
efits of targeting nonimmune cells.
RHBDF2

ADAM17 (A disintegrin metalloprotease-17), is a
membrane-bound enzyme involved in the release
of TNF-a [52] and epidermal growth factor (EGF)
receptor ligands [53]. Accordingly, mice that lack
ADAM17 in myeloid cells are resistant to endotoxin
shock and inflammatory arthritis [54,55]. iRhom2
(encoded by RHBDF2) regulates the maturation and
substrate selectivity of ADAM17 [56]. In fact, it is
required for ADAM17-induced TNF-a shedding from
myeloid cells [54,55].

A recent article identified iRhom2 as a molecule
involved in the development of renal damage
in Fcgr2b�/� mice [57

&&

]. Deficiency of Rhbdf2
protected Fcgr2b KO mice from developing renal
damage. This was associated with attenuated tran-
scription of pro-inflammatory and pro-fibrotic gene
signatures, in particular of transcripts induced by
TNF-a and EGF. Blockade of TNF-a (p75TNFR.Fc) or
EGFR (Erlotinib, an EGFR tyrosine kinase inhibitor)
ameliorated interstitial kidney damage, without
r Health, Inc. All rights reserved.
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FIGURE 3. The systemic lupus erythematosus-associated PRDM1 risk allele generates a binding motif for KLF4 that acts as a
transcriptional repressor. Low levels of BLIMP-1 deficiency allow enhanced Cathepsin S expression and IL-6 production. This
promotes the generation of follicular helper T cells (TFH) that drive germinal center formation and antibody production.
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modifying the glomerular injury. As heparin-bind-
ing EGF is abundantly expressed in the renal inter-
stitium of patients with SLE [57

&&

], this pathway
may represent a therapeutic target able to diminish
interstitial inflammation and fibrosis, a major con-
cern in lupus nephritis [58].
PRDM1

A SNP found in the intergenic region between ATG5
and PRDM1, the gene that encodes BLIMP1, is asso-
ciated with SLE [15,59]. The risk allele, associated
with decreased BLIMP1 expression in patients with
SLE [60], generates a binding motif for the transcrip-
tion factor KLF4. Consequently, in monocyte-
derived dendritic cells from risk variant carriers,
BLIMP1 expression is suppressed by KLF4 through
a mechanism dependent on histone deacetylases
[61

&

]. This explains why the risk allele does not affect
BLIMP1 expression in B cells, which do not express
KLF4 [60].

BLIMP1 is an essential modulator of dendritic
cell function. Dendritic cell-specific Prdm1 defi-
ciency unleashes the secretion of IL-6, increasing
 Copyright © 2019 Wolters Kluwer H
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the number of follicular helper T (TFH) cells and
germinal center B cells. In female mice, these effects
drive the development of a spontaneous lupus-like
phenotype [62].

BLIMP1 was recently shown to repress transcrip-
tion of Cathepsin S, a cysteine protease that cleaves
the invariant chain, allowing peptides to be loaded
onto MHC class II molecules [63

&

]. Interestingly,
increased Cathepsin S expression was associated
with a more diverse T-cell receptor Vb repertoire
in TFH cells, probably because of the presentation of
an altered pool of antigenic peptides [63

&

]. Inhibi-
tion of Cathepsin S ameliorated the development of
lupus-like disease in dendritic cell-specific Prdm1-
deficient mice [63

&

]. These findings demonstrate a
mechanism through which the SLE-associated SNP
in PRDM1 could contribute to loss of tolerance and
SLE development (Fig. 3).
CONCLUSION

Our knowledge of the mechanisms through which
each gene contributes to the pathogenesis of SLE is
improving gradually. The work discussed in this
ealth, Inc. All rights reserved.
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Gene-function studies in SLE Rosetti et al.
review has broad implications with regards to our
understanding of the pathogenesis of the disease
and indicates a number of potential therapeutic
targets. How these (and other) anomalies in the
expression and function of individual genes interact
with each other and how the main defects amenable
of therapeutic intervention are identified in each
patient remain open questions.
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 CURRENT
OPINION Neutrophils in lupus nephritis

Hiroshi Nishia and Tanya N. Mayadasb

Purpose of review
Systemic lupus erythematosus (SLE) is a multiorgan autoimmune disease characterized by IgG-
autoantibodies to nuclear antigens that can deposit in the kidney and trigger lupus nephritis. Neutrophils
accumulate in the kidneys of patients with proliferative LUPUS NEPHRITIS and neutrophil products and a
subset of granulocytes, called low-density granulocytes (LDG) may contribute to lupus nephritis
pathogenesis. Here, we will discuss recent studies implicating neutrophils in the pathogenesis of human SLE
nephritis and then examine studies that provide mechanistic insights into how these cells are recruited to the
glomerulus following immune complex deposition and how their products may promote lupus nephritis.

Recent findings
SLE patients display unique blood transcriptional signatures linked to Type I interferon and myeloblast
differentiation, which could help stratify lupus nephritis progression. Multiphoton intravital microscopy
of kidney glomerular capillaries revealed a role for neutrophil FcgRs in the rapid capture of neutrophils
following immune complex deposition. The view that reduced degradation of neutrophil extracellular traps
(NETS) contributes to lupus nephritis progression, is now challenged by experimental data in lupus-prone
mice that genetically fail to produce NETS but still are afflicted.

Summary
A greater understanding of the neutrophil dependent mechanisms that promote lupus nephritis may
potentially inform on newer therapeutic options that target neutrophil accumulation and reactivity in the
nephritic kidney.

Keywords
immune complex, lupus nephritis, neutrophil, neutrophil extracellular traps, systemic lupus erythematosus

INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease with aberrations in many
aspects of the immune system. Lupus nephritis
develops in approximately 60% of patients and is
the leading cause of end stage renal failure [1,2]. A
loss of immune tolerance followed by generation of
high titers of complement-fixing IgG-autoantibod-
ies against self-antigen is considered a requisite for
the initiation of SLE whereas the activation of
immune cells by glomerular IgG-immune com-
plexes and other derivatives of autoimmunity pro-
mote end organ damage.

Neutrophils are the most abundant type of cir-
culating leukocytes in humans and are the first
innate immune effector cell to be recruited to sites
of infection where they recognize and destroy
microbes using a combination of cytotoxic mecha-
nisms, including phagocytosis, generation of a
respiratory burst, release of digestive enzymes, and
the expulsion of their intranuclear contents as neu-
trophil extracellular traps (NETS) [3]. The latter as
well as additional mediators released by neutrophils

have also been shown to influence the adaptive
immune response [3]. Although these mechanisms
are important in host defense, they play injurious
roles in the context of sterile inflammation.

NEUTROPHIL FINGERPRINTS IN LUPUS
NEPHRITIS

The presence of neutrophils in renal biopsy speci-
mens is associated with active lupus nephritis [4–8],
suggesting that circulating neutrophil-derived
inflammatorypeptides and cytokinesmaycontribute
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KEY POINTS

� Circulating neutrophil transcripts are enriched in
patients with active lupus nephritis (lupus nephritis).

� Multiphoton intravital microscopy of the kidney
revealed FcgR mediated neutrophil capture by IgG/
immune complexes deposited in glomerular capillaries.

� Mitochondrial ROS contribute to NETosis while
the NADPH oxidase is not universally required for
NETosis.

� Alterations in NET formation or destruction have been
reported in human SLE samples but results in lupus-
prone mouse strains with genetic depletion of PAD4 or
NADPH oxidase components challenge the importance
of NETs in the pathogenesis of lupus nephritis.

Immunopathogenesis and treatment of autoimmune diseases
to active lupus nephritis. Multiple independent stud-
ies revealed that SLE patients display unique blood
transcriptional signatures linked to Type I interferon
(IFN) and myeloblast differentiation [9–13], albeit
sample size and study period were either not large
or long enough. A signature of neutrophil activation
in peripheral blood is associated with pediatric and
adult SLE [4] and an enrichment of neutrophil tran-
scripts and neutrophil activation in the blood of
patients with active, Type IV lupus nephritis but
not skin/musculoskeletal or serological modules
has been reported using a computational analysis
and transcriptional profile of 924 longitudinal blood
samples from 158 pediatric SLE patients [14

&&

]. The
authors showed that the neutrophil inflammation
module was enriched only in the renal and global
component groups indicating an association with
kidney involvement. They also reported a gradual
enrichment of neutrophil transcripts during lupus
nephritis progression and distinct signatures in
response to treatment in different nephritis sub-
classes by utilizing models that incorporate disease
activity, demographics, treatments, SLE disease
activity index (SLEDAI) components, and nephritis
classes. In order to investigate association of tran-
scriptional profile and genotype, they identified sin-
gle nucleotide polymorphisms (SNPs) in cis on genes
that correlates with disease activity (DA) and evalu-
ated those sequences in groups where DA correlated
with distinct cell type lineages. This analysis revealed
that many genes in cis with SNPs and specific to each
patient groups are related to myeloid/neutrophils,
lymphoid lineage/B cells or both, supporting the
accuracy of their analysis. Some of the neutrophil
fingerprint in blood may reflect an increase in circu-
lating neutrophils as is the case following corticoster-
oid treatment. On the basis of their data, the authors
 Copyright © 2019 Wolters Kluwer H
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conclude that an increase in the IFN response and
generation of short-lived plasmablasts occur before
clinical onset of disease and is followed by kidney
disease mediated by neutrophils and other myeloid
cells. Also, another modular repertoire analyses
from microarray data revealed that the blood neutro-
phil signature could be a biomarker for stratifying
lupus nephritis risk and for monitoring treatment
response [15

&

].
Neutrophil gelatinase-associated lipocalin

(NGAL), a lipocalin engaged in the transmembrane
transportation of lipophylic substances, was origi-
nally isolated from neutrophil granules. The eleva-
tion of neutrophil lipocalin in the sera and urine of
patients at risk of renal failure represents a newly
recognized biomarker of kidney injury and may help
predict pediatric lupus nephritis activity [16] albeit
elevated levels of NGAL may reflect its release by
damaged renal tubular cells where is has been shown
to be highly expressed [17] rather than neutrophils.
GLOMERULAR NEUTROPHIL
ACCUMULATION IN LUPUS NEPHRITIS
FOLLOWING IMMUNE COMPLEX
DEPOSITION

In antibody-mediated nephritis, such as lupus
nephritis, the kidney may be particularly vulnerable
to neutrophil-mediated inflammation and subse-
quent damage as circulating neutrophils may access
the Fc-portion of deposited immune complexes and
associated activated complement components via
open fenestrae in glomerular capillary endothelial
cells [18]. SLE-antiendothelial cell antibodies
(AECA) may similarly directly attract and locally
activate neutrophils. It is noteworthy that unlike
neutrophil recruitment in other organs, which
occurs primarily through the postcapillary venules,
the majority of the recruitment in the kidney begins
in small diameter glomerular capillaries (Fig. 1).

Our laboratory has promoted the concept that
neutrophil FcgRs serve as proximal mediators of neu-
trophil recruitment following glomerular immune
complex deposition based on in-vitro and in-vivo
models. FcgRs, receptors for IgG, are expressed on
several leukocyte subsets. Human and murine-acti-
vating FcgRs on neutrophils differ structurally. Mice
express FcgRIII and FcgRIV that rely on the Immuno-
Tyrosine Activating Motif (ITAM)-containing g-
chain for expression and signaling whereas humans
express a single polypeptide ITAM-containing
FcgRIIA and the glycophosphotidylinositol (GPI)-
linked FcgRIIIB [19]. Studies in vitro suggest that
human neutrophils may be recruited via their own
FcgRs. Plate immobilized immune complexes sup-
port neutrophil adhesion under physiological flow
ealth, Inc. All rights reserved.
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FIGURE 1. Kidney glomerular neutrophil dwelling. In the kidney, neutrophil recruitment primarily occurs in small diameter
glomerular capillaries. Neutrophil Fc g receptors promote initial neutrophil recruitment following glomerular IC deposition.
Mac-1 (CD18/CD11b) may initially curtail but then, once activated, sustain FcgR-mediated adhesion and associated ROS and
proteinase release responsible for kidney glomerular injury.

Neutrophils in lupus nephritis Nishi and Mayadas
conditions that is dependent on FcgRIIIB [20,21],
whereas FcgRIIA predominates when AECA (includ-
ing those from SLE patients) decorate tumor necro-
sis factor (TNF)-activated endothelium [21,22

&&

]. In
vivo, mice deficient in the common g-chain (g-/-),
required for expression and function of the murine-
activating FcgRs are protected in a wide spectrum of
IgG-mediated inflammatory diseases including
lupus nephritis, acute and proliferative antiglomer-
ular basement membrane (GBM) glomerulonephri-
tis and arthritis that is associated with a reduction in
neutrophil accumulation where studied [23,24].
Expression of human FcgRIIA alone selectively on
neutrophils of g-/- mice, was sufficient to restore
neutrophil accumulation, tissue injury and the gen-
eration of NETs in g-/- mice [25–27]. More recently,
a humanized antibody against FcgRIIA was bioen-
gineered and demonstrated to reduce neutrophil
infiltration following acute anti-GBM antibody-
induced nephritis in humanized mice [28

&

]
and could, therefore, serve as a biologic to curtail
FcgRIIA-mediated neutrophil recruitment and
other functions.

Multiphoton intravital imaging in the kidney
has for the first time allowed a detailed analysis of
the behavior of neutrophils in the glomerulus,
which lie 100 mm below the surface of the kidney.
These studies have revealed that neutrophils
 Copyright © 2019 Wolters Kluwe
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undergo an increase in dwell time within the glo-
merular capillary in response to anti-GBM antibody
[22

&&

,29], a paradigm that differs from leukocyte
recruitment in postcapillary venules, which
requires leukocyte rolling by selectins and arrest
andtransmigrationbyleukocyteintegrinsandadhe-
sion molecules on the activated endothelium [30].
Mac-1is requiredfor theincrease inneutrophildwell
time and reactive oxygen species (ROS)-induced
proteinuria following anti-GBM deposition
[29,31]. As FcgR-ITAM signaling activates Mac-1
[32] and initial immune complex-induced glomeru-
lar neutrophil capture requires neutrophil FcgRs
[20,22

&&

], we propose that FcgR/ITAM signaling trig-
gered by deposited immune complexes rapidly acti-
vates Mac-1, which in turn sustains FcgR-mediated
adhesion and associated ROS and proteinase-medi-
ated glomerular injury. We show that anti-GBM
deposition leads to rapid FcgRIIA-dependent neu-
trophil capture within the glomerular capillary in
theabsenceofpriorrollingorcrawling.Wealsoshow
that this is an active process requiring Abl-Src non-
receptor tyrosine kinases [22

&&

]. Olaru et al. [33]
employed in-vitro and in-vivo approaches to dem-
onstrate that a proinflammatory population of 6-
sulfo LacNAcþ (SLAN) monocytes similarly utilize
FcgR to engage immobilized immune complexes
within glomerular capillaries. Our recent work
r Health, Inc. All rights reserved.
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suggests that early FcgRIIA-mediated cell capture by
immune complexes is regulated. We show that
FcgRIIA-mediated capture by immune complexes
is initially downregulated by CD18 integrins,
which curtail FcgRIIA affinity for IgG via extracel-
lular cis interactions between sialic acid on FcgRIIA
and divalent cations on the integrin ligand-bind-
ing aI-domain [34

&&

]. This inhibition may be
released upon integrin activation by stimuli
generated by the activated endothelium [34

&&

].
Therefore, like integrins, whose activity is tightly
regulated to prevent inadvertent neutrophil
recruitment and activation, the affinity of FcgRIIA
for IgG, and therefore neutrophil recruitment to
deposited immune complexes is strictly calibrated.

A recent study showed that engineered sialyla-
tion of anti-GBM antibody in vivo with soluble gly-
cosyltransferases attenuated glomerular injury.
Although this was attributed to the preferential
engagement of sialylated IgG with inhibitory FcgR,
it could also potentially reflect a reduction in the
interaction of activating FcgRs with deposited
IgG and subsequent leukocyte recruitment and
activation [35].
NEUTROPHIL EXTRACELLULAR TRAPS
IN LUPUS NEPHRITIS

Neutrophil extracellular traps

Neutrophils respond to bacterial infection by
releasing fibrous structures called NETS. These
NETS were considered antimicrobial and are con-
stituted of DNA, histones, and neutrophil proteins,
such as myeloperoxidase [36] (Fig. 2). Several stud-
ies, including the original identification of NETs
have shown a requirement for ROS in NETosis
[36,37]. However, much of this work used phorbol
myristate acetate as a stimulus, while work with
immune complexes has shown that NETs can be
generated in the absence of the NADPH oxidase.
Recent work investigating calcium ionophore-
induced NETosis, provided evidence for a cal-
cium-activated pathway of NETS that depends on
mitochondrial ROS and is independent of the
NADPH oxidase-derived ROS [38]. Our data also
demonstrate that in the absence of gp91, encoding
NADPH oxidase 2, neutrophils still make NETS in
response to immune complex engagement of FcgRs
[39]. A newly reported ELISA for neutrophil mye-
loperoxidase (MPO) and histone may be capable of
quantifying MPO–histone complexes with anti-
bodies against N-terminal histone tails, which
are specific for NADPH oxidase-dependent NETs
[40], thus allowing the identification of ROS-
dependent versus ROS-independent NETosis.
 Copyright © 2019 Wolters Kluwer H
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Neutrophil extracellular traps in lupus
nephritis

NETS have been extensively studied in the context
of autoimmune diseases. Circulating neutrophils
from SLE patients release more NETs than those
from healthy donors [41] and various studies have
shown a correlation between NETS and organ dam-
age in SLE. Both exuberant NET formation and
impaired clearance of NETs have been implicated.
Endonuclease DNase1, capable of disassembling
NETS are present at suboptimal levels in SLE, thus
leading to impaired NET degradation and poten-
tially increased presentation of self-antigens to host
cells [7]. DNase-I activity is inhibited by deposited
C1q, which in turn could prevent NET degradation
[42]. The ability of SLE patient serum to degrade
NETS is highly associated with lupus nephritis as are
low complement levels and elevated levels of anti-
bodies directed against histones and DNA [43].

Lupus neutrophils release NETS containing
DNA, LL37, HMGB1, and neutrophil proteins that
facilitate the uptake and recognition of mammalian
DNA by plasmacytoid dendritic cells (pDCs) [44]
that in turn release IFN-a in a DNA-dependent
and TLR9-dependent manner. Recent work suggests
that LL37-DNA complexes and NETs are endocy-
tosed by human memory B cells and activate
TLR9 to trigger polyclonal B-cell activation and
generation of anti-LL37 antibodies. Notably, anti-
neutrophilic and anti-LL37 antibodies were gener-
ated only in B cells from lupus and not healthy
donors and NETTing activity of lupus neutrophils
correlated with blood anti-LL37 Abs levels in these
patients [45]. A ‘pathogenic’ subpopulation of
peripheral blood mononuclear cells (PBMCs) called
low-density granulocytes, first described in 1986
[46] are present in the PBMC fraction of peripheral
blood of SLE patients. These cells display surface
markers of mature neutrophils but nuclear morphol-
ogy of immature cells [10,47] and their presence
correlates with disease activity. NETS generated by
LDG in SLE patients contains matrix metalloprotei-
nases-9 (MMP-9), which in turn activates endothe-
lial MMP-2 and subsequently leads to endothelial
dysfunction and apoptosis [48]. Immune complexes
containing MMP-9 and anti-MMP-9 are present in
SLE sera [48], which could potentially stimulate
NETs release from SLE neutrophils.

Recently, oxidized mitochondrial DNA (mtDNA)
complexes retained within SLE neutrophils were
extruded when mitophagy, an autophagy-mediated
machinery to remove damaged mitochondria, is not
fully engaged [49

&&

]. An enrichment of oxidized
mtDNA in NETs from lupus neutrophils stimulated
with immune complexes also suggests that
ealth, Inc. All rights reserved.
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Kidney tissue injury
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FIGURE 2. Lupus nephritis and NETosis. NETS are constituted of DNA, histones, and neutrophil proteins, such as
myeloperoxidase (MPO). NET formation may be NADPH-oxidase dependent and may also rely on mitochondrial ROS or it
may occur in the absence of ROS as is the case when FcgRs are engaged byimmune complexes. Lupus NET components, such
as DNA and neutrophil proteins promote plasmacytoid dendritic cells (pDCs) activity and the subsequent cellular release of
IFN-a. NETS may also contain matrix metalloproteinases-9 (MMP-9), which in turn activates endothelial other
metalloproteinases and subsequently leads to endothelial damage. NET-derived DNA may up-regulate endothelial Snail-1
expression, and thus endothelial-to-mesenchymal transition (EndMT), resulting in vascular leakage and albumin leakage. NET,
neutrophil extracellular trap.
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mitochondrial ROS plays a role in NETosis in lupus
nephritis [50

&&

].
Interstitial cell activation leading to fibrosis is

known to predict poor prognosis of patients with
glomerulonephritis [51]. Endothelial-to-mesenchy-
mal transition as well as activation of pericyte or
resident fibroblast are presumed as initial culprits of
kidney interstitial damage [52]. A recent article
showed that NET-derived DNA conferred Snail-1
expression and a mesenchymal phenotype to
 Copyright © 2019 Wolters Kluwe
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cultured endothelial cells. The NET-associated neu-
trophil elastase digested vascular endothelial-cad-
herin at endothelial cell–cell borders, which
facilitated vascular leakage and the transendothelial
passage of albumin [53]. The authors also showed
that NET formation in glomeruli correlated with the
severity of proteinuria in human lupus nephritis and
MRL/lpr mice [53], suggesting that the inhibition of
NET-associated elastase activity could represent a
potential therapeutic strategy.
r Health, Inc. All rights reserved.
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Peptidylarginine deiminase 4 activity in
lupus nephritis
Posttranslational modifications (PTM) of histone
play an important role in regulating chromatin struc-
ture and function, including chromatin deconden-
sation/condensation and transcription regulated by
citrullination. A decade ago, an increase in histone
citrullination associated with chromatin deconden-
sation during NET formation was reported by two
groups [54,55]. The conversion of histone Arg or
monomethyl-Arg to citrulline residues is catalyzed
by PAD4. Treatment of animals with a chemical
inhibitor of PAD4, N-a-benzoyl-N5-(2-chloro-1-imi-
noethyl)- L-ornithine amide, also referred to as Cl-
amidine reduced NETs [56]. Consistent with this,
neutrophils from mice with a genetic deletion of
PAD4 were shown to be incapable of NETosis [57].
Dwivedi et al. [58] identified histone H1 as a substrate
of PAD4, localized H1 within NETS, and detected
autoantibodies to citrullinated H1 in 6% of sera from
patients with SLE and Sjögren’s syndrome.

The functional impact of NETs on lupus nephritis
have been evaluated in a number of spontaneous and
induced lupus mouse models. Lupus-prone NZM
mice, which have a high titer of antinuclear DNA
autoantibodies exhibit a tendency towards enhanced
NET formation at baseline, suggesting the possibility
that NET-derived nuclear material may serve as a
source of autoantigens [4,59]. The same group pro-
vided evidence that NET formation is accelerated in
MRL/lpr mouse neutrophils, and that a chemical
PAD4 inhibitor attenuated proteinuria and immune
complex deposition in the kidneys [60,61]. However,
genetic deletion of PAD4 in a background of MRL/lpr
mice showed no reduction in anti-DNA titers or
kidney damage [62

&

] and pristane-induced lupus
was aggravated in PAD4-deficient mice as well as
neutrophil-deficient mice (Mcl1DMyelo mice) [63].
These findings indicate that PAD4-induced NETosis
is not pathogenic in lupus nephritis and may actually
play a regulatory role in pristane (drug)-induced
lupus. Nox2-deficient lupus-prone mice had
markedly exacerbated lupus, including more severe
renal disease and elevated and altered autoantibody
generation [37]. In fact, Ncf2 genetic depletion and
even its haplosufficiency significantly accelerated
lupus kidney disease on the NZM 2328 background
whereas the same genetic depletion on the B6 back-
ground led to susceptibility to fungal infection but no
lupus-like disorders. These findings have relevance in
humans as point mutations predicted to reduce Nox2
activity have been identified in lupus patients. More-
over, mice with Ncf2 deletion exhibited normal
spontaneous NETosis observed in the NZM lupus
background and normal NETosis in response to lupus
serum [64

&

]. In conclusion, the NADPH oxidase is not
 Copyright © 2019 Wolters Kluwer H
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required for NET generation in this disease model and
plays a protective role in mouse models of lupus
through as yet unknown mechanisms. Moreover,
the studies in mouse models have not provided evi-
dence that NETs promote lupus despite the data from
human samples suggesting that they induce
humoral autoreactivity.
CONCLUSION

Accumulating evidence, from classical pathological
analysis to very recent experimental data, suggest
that neutrophils contribute to lupus nephritis.
Inhibiting the renal recruitment and/or subsequent
functions of neutrophils may not only prevent neu-
trophil-mediated target organ injury but also may be
expected to dampen intrarenal autoimmune
responses, given the ability of neutrophils to gener-
ate mediators that impact the adaptive immune
response as reviewed elsewhere [3]. Targeting dis-
ease-relevant LDGs or NETs or inhibiting initial
neutrophil recruitment could also reduce the
increased risk of lupus nephritis progression. Further
studies into the mechanisms that promote neutro-
phil recruitment into the kidney, NETosis and the
release of other effectors of autoimmunity by neu-
trophils and LDGs will provide important therapeu-
tic leads to curtail the damaging effects of
neutrophils in lupus nephritis.
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 CURRENT
OPINION The microbiome in systemic autoimmune disease:

mechanistic insights from recent studies

Carina Dehner, Rebecca Fine, and Martin A. Kriegel

Purpose of review
The resident bacterial communities and the host immune system have coevolved for millennia. However,
recent changes in modern societies have disrupted this coevolutionary homeostasis and contributed to a
rise in immune-mediated conditions. The purpose of this review is to provide an overview of recently
elucidated mechanisms of how certain taxa within the bacterial microbiome propagate autoimmunity.

Recent findings
Interactions between the bacterial microbiome with innate and adaptive immune cells propagate
autoreactivity, chronic inflammation, and tissue damage in susceptible hosts. These interactions contribute
to autoimmune diseases such as rheumatoid arthritis or systemic lupus erythematosus, which are the focus
of this review. Recent findings suggest that autoimmune manifestations in genetically susceptible individuals
can arise through cross-reactivity with commensal orthologs of autoantigens or commensal-mediated
posttranslational modification of autoantigens. Physiologic responses to gut, oral, or skin commensal
bacteria can thus be misdirected toward such autoantigens in susceptible hosts. In addition, recent studies
highlight that a breach of the gut barrier and translocation of commensal bacteria to non-gut organs can
trigger several autoimmune pathways that can be prevented by commensal vaccination or dietary
interventions.

Summary
Complex host–microbiota interactions contribute to systemic autoimmunity outside the gut. On a molecular
level, posttranslational modification of, and cross-reactivity with, autoantigens represent mechanisms of
how the microbiota mediates autoimmunity. On a cellular level, translocation of live gut bacteria across
a dysfunctional gut barrier allows for direct interactions with immune and tissue cells, instigating
autoimmunity systemically.

Keywords
citrullination, commensal translocation, cross-reactivity, gut barrier, orthologs, pathobionts

INTRODUCTION

Systemic autoimmune disorders are characterized
by tissue damage in anatomically diverse locations.
Inflammation is mediated by innate cells, migrating
autoreactive lymphocytes, and circulating patho-
genic autoantibodies. How these complex processes
are triggered and sustained remains incompletely
understood but host–microbiota interactions in the
context of a genetically susceptible host are increas-
ingly implicated [1]. The adaptive immune response
to gut commensal bacteria plays an integral role in
maintaining homeostasis [2]. Environmental fac-
tors, genetic polymorphisms, and gut microbial
diversity shape adaptive immune system responses
[3]. Furthermore, the neonatal period is critical for
the development of lymphoid structures, matura-
tion of T and B cells, and acquisition of immune
tolerance to gut commensals [4,5]. Alteration in

microbial communities during this critical time
can result in immune dysregulation and subsequent
immune-mediated diseases such as allergies or
autoimmunity.

Various T-cell subsets both maintain protective
immunity against pathogens and prevent inflamma-
tory immune responses against self and microbiota-
derived antigens. Instructed by the environment and
innate antigen-presenting cells, CD4þ T-helper (Th)
cells differentiate into functionally diverse subsets
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KEY POINTS

� Gut and oral pathobionts in RA may promote Th17
systemically and induce hypercitrullination of
autoantigens.

� A defined set of Ro60 ortholog-expressing gut, oral,
and skin commensals trigger cross-reactivity with human
Ro60 in Ro60þ SLE.

� Translocation of live gut commensals across the gut
barrier triggers several innate and adaptive
autoimmune pathways that are reversible with a
commensal-specific vaccine.

� TLR7 controls gut barrier integrity and TLR7-mediated
IFN and autoimmune disease can be exacerbated by
a diet-sensitive Lactobacillus strain.

Immunopathogenesis and treatment of autoimmune diseases
including Th1, Th2, Th17, and regulatory T cells
(Tregs). The balance of these cells, in particular that
of Th17/Treg, influences the transition from homeo-
stasis to disease and is profoundly affected by the gut
microbiota [1,3]. For example, a single commensal
microbe, Candidatus Savagella or segmental filamen-
tous bacteria (SFB) colonizing the small intestine, is
sufficient to induce mucosal Th17 cells [6]. Others
exert their effect on Th cell subsets in concert, such as
Treg-inducing Clostridia consortia [7,8].

Another T-cell subset, follicular helper T (Tfh)
cells, are specialized CD4þ T cells that enable B-cell
proliferation and differentiation in germinal centers
and are critical for pathogenic autoantibody produc-
tion in the autoimmune-pronehost [9]. Tfhbiology is
also determined through interactions with gut
microbiota via innate MyD88 signaling pathways
[10]. Importantly, B-cell development occurs in the
intestinal mucosa where microbial colonization
influences the immunoglobulin repertoire [11,12].
Different gut commensals elicit both T cell-depen-
dent and T cell-independent immunoglobulin A
(IgA) that coat the healthy microbiota [13] and some
even co-opt IgA for mucosal colonization [14]. Inter-
estingly, excessive IgA coating within the human gut
microbiome of patients with inflammatory bowel
disease identified pathobionts that confer increased
susceptibility to colitis in gnotobiotic models [15]. It
is unclear whether coating by other isotypes marks
pathobionts that elicit systemic immune responses as
seen in non-gut rheumatic diseases. However,
human IgA deficiency, frequently associated with
various autoimmune conditions, interestingly leads
to a perturbed microbial community composition
and compensatory IgM coating [16

&&

].
Systemic IgG responses toward commensals

occur in the absence of a functional innate immune
 Copyright © 2019 Wolters Kluwer H
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system [17]. Furthermore, functional gut barrier
disturbance during gastrointestinal infection indu-
ces inflammatory anticommensal T cells that
acquire a memory phenotype consistent with path-
ogen-specific T cells [18]. Various environmental
insults may therefore trigger anticommensal
responses by the adaptive immune system. In indi-
viduals with a susceptible major histocompatibility
complex haplotype, these responses could theoreti-
cally convert into cross-reactive autoimmune
responses in humans as recently shown experimen-
tally and discussed further below [19

&

]. We next
elaborate on cross-reactivity and other mechanisms
by which the microbiome influences autoimmu-
nity, focusing on rheumatoid arthritis (RA) and
systemic lupus erythematosus (SLE) as paradigms.
GUT PATHOBIONTS IN RHEUMATOID
ARTHRITIS

RA is a chronic, systemic autoimmune disease affect-
ing a variety of organs if left untreated. Inflamma-
tion of the articular and extraarticular structures of
the body results in synovitis, disability and signifi-
cant comorbidity [20]. Genetics, particularly specific
human leukocyte antigen (HLA) polymorphisms,
predispose people to RA via presentation of patho-
genic epitopes of posttranslationally modified anti-
gens to autoreactive lymphocytes. Activation of the
adaptive immune system by these modified proteins
is a result of host genetics interacting with environ-
mental factors such as smoking, periodontitis, and
other microbial stimuli [21]. In particular, mucosal
inflammation has been linked with development of
RA with implications for oral, gut, and lung micro-
biota as potential triggers [22,23]. The gut as an
inciting origin of RA has long been hypothesized
but difficult to study experimentally in humans
except indirectly through gross surgical interven-
tions undergone for unrelated indications [24].

Animal models of RA have demonstrated a
mechanistic link between the gut microbiota and
RA-like disease. Specific bacterial strains may differ
between mice and humans but the immunologic
processes induced by murine gut bacteria summa-
rized above help better understand how host-micro-
biota interactions could occur in human RA. The K/
BxN model of autoimmune arthritis is highly depen-
dent on the gut microbiota [25]. As stated above, the
differentiation of mucosal Th17 cells is promoted by
colonization with SFB in the ileum of nonautoim-
mune-prone animals [6]. Remarkably, colonization
with SFB alone was sufficient to promote RA-like
disease in germ-free K/BxN mice [25] but the mech-
anisms involved Tfh as opposed to Th17 differenti-
ation [26,27]. SFB colonization drove Tfh
ealth, Inc. All rights reserved.
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differentiation in the Peyer‘s patches of the animals
and migration of Tfh with dual T cell receptors to
systemic sites, enhancing autoantibody production
and polyarthritis. These studies exemplify how a gut
commensal can redirect physiologic mucosal adap-
tive immune responses to systemic autoimmune
responses in the right genetic context. Similarly,
Treg-inducing Clostridia may not be tolerogenic in
some hosts that carry genetic polymorphisms affect-
ing Treg function [28].

The human gut microbiome from RA patients has
also been explored by several groups. Not surpris-
ingly, RA patients have microbiomes distinct from
healthy controls if studied either in the United States
or China [29]. 16s rDNA and shotgun sequencing of
stool samples from North American patients with
new-onset RA showed an enrichment of Prevotella
copri that was colitogenic in the gnotobiotic setting
[30]. Fecal metagenomic studies from Chinese RA
patients did not find an increased abundance of this
species during the first year of disease [29], suggesting
geographic variability among other factors contrib-
uting to heterogeneity of microbiome studies. Impor-
tantly, monocolonization with P. copri in a germ-free
arthritis model induced synovitis and peripheral
Th17 cells as shown by a Japanese group that studied
also a small cohort of early RA patients with P. copri
enriched in a subset [31

&

]. Finally, subgroups of RA
patients were shown to mount systemic IgA
responses toward antigens from P. copri that correlate
with anticitrullinated peptide antibodies [32]. Taken
together, these studies support that P. copri is a plau-
sible gut pathobiont in a subset of early RA patients
that warrants further investigation.
ORAL PATHOBIONTS IN RHEUMATOID
ARTHRITIS

Apart from the fecal microbiome, oral and lung
microbiota have also been profiled in RA based on
the mucosal origin hypothesis [22,23]. A large meta-
genomic study from China showed that dental
microbial community signatures before and after
therapy with methotrexate could be predictive of
response to therapy [29]. Periodontal disease has
long been linked to prevalence and severity of RA.
Oral commensal bacteria invading the periodon-
tium and alveolar bone are thus intriguing candi-
dates for driving similar processes at the synovial
membrane of joints. Indeed, antibodies against Por-
phyromonas gingivalis, a well known periodontal
pathogen, have been associated with high-risk,
autoantibody-positive individuals at increased risk
of developing RA [33]. The long-standing hypothe-
sis that P. gingivalis could contribute to RA patho-
genesis via citrullination has recently been refuted
 Copyright © 2019 Wolters Kluwe
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[34
&&

,35], but other mechanisms such as those
detailed above could be involved apart from com-
plement subversion and toll-like receptor (TLR) acti-
vation [36,37]. A murine study, for instance,
demonstrated that P. gingivalis promotes experi-
mental arthritis via innate TLR2-dependent inter-
leukin-1 signals skewing Th17 differentiation [38].
Another oral pathobiont, however, was mechanisti-
cally linked to hypercitrullination of autoantigens
in human RA [34

&&

,39]. This elaborate study showed
that Aggregatibacter actinomycetemcomitans (A.
actino.) produces a pore-forming toxin that activates
citrullinating enzymes in neutrophils [34

&&

]. The
HLA-DRB1 shared epitope alleles associated with
anticitrullinated antibodies only in RA patients with
signs of exposure to the toxin. The high prevalence
of A. actino. exposure in early RA patients was
recently confirmed in a Dutch cohort [39,40]. Addi-
tional epidemiologic and mechanistic studies in vivo
are needed but this new paradigm on how systemic
autoimmunity against citrullinated antigens can
arise is promising.
CROSS-REACTIVE COMMENSALS IN
SYSTEMIC LUPUS ERYTHEMATOSUS

SLE is a prototypical systemic autoimmune disease
of unknown cause with a highly variable prevalence
based on geography, suggesting environmental fac-
tors in addition to genetics contribute to its patho-
genesis [41]. SLE presents with a variety of clinical
subphenotypes, which are partly related to activa-
tion of different innate and adaptive immune path-
ways [42]. The plasmacytoid dendritic cell (pDC)/
interferon (IFN) axis as well as neutrophil-mediated
inflammation are two major innate immune path-
ways in SLE [43]. Adaptive immune targets are
diverse because of the fact that autoantibodies in
SLE target various nuclear and cell membrane struc-
tures released during apoptosis. Autoantibodies
against the Ro60 antigen are considered the earliest
antibodies detected, often years before the first
occurrence of symptoms, followed by epitope
spreading to other autoantigens [44]. Environmen-
tal or mucosal triggers within the microbiome are
thus plausible in SLE patients with the HLA predis-
position to cross-react with microbial antigens simi-
lar in sequence or structure to the Ro60 autoantigen.

Cross-reactive triggers within the murine micro-
biome have also been identified in other non-gut
autoimmune disease such as models of uveitis or
autoimmune diabetes [45,46]. Interestingly, the
cross-reactive target in the autoimmune diabetes
model was recently shown to be protective against
colitis when targeted by CD8þ T cells [47]. This
phenomenon might explain why several
r Health, Inc. All rights reserved.
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nonmucosal autoimmune diseases spare the gut as
in SLE where overt gut inflammation is exceedingly
rare. Peptide cross-reactivity with Ro60 epitopes
targeted in SLE patients was shown with a murine
T-cell hybridoma [48]. Consistent with this finding,
we identified cross-reactive responses between
human gut, oral, and skin microbiota from SLE
patients and human Ro60 [19

&

]. This study was
based on the peculiar fact that commensal orthologs
of Ro60 exist in certain bacteria. As Ro60 ortholog-
expressing commensal bacteria chronically colonize
the skin and mucosal sites of genetically predisposed
hosts, cross-reactive responses are likely to sustain
autoimmunity in vivo. Indeed, we demonstrated
that monocolonization of germ-free mice with
one Ro60 commensal bacterium was able to induce
and sustain antihuman Ro60 IgG autoantibodies in
the systemic circulation [19

&

]. Interestingly, one
bacterial Ro60 ortholog was expressed in a skin
commensal, Propionibacterium propionicum, which
was detected in the skin lesions of patients with
subacute cutaneous lupus erythematosus (SCLE).
Because anti-Ro60 antibodies are well known to
contribute to SCLE immunopathology, it is tempt-
ing to speculate that this skin commensal drives
SCLE lesions in colonized patients. Although sun-
light is a trigger for SCLE flares, UV light would be
expected to uniformly lead to skin eruptions.
Instead, SCLE lesions are either psoriasiform or
annular, both of which cannot be explained by
UV light alone. We therefore hypothesize that envi-
ronmental triggers such as UV light together with
outgrowth of Propionibacterium propionicum contrib-
ute to the phenotype of SCLE lesions, which needs
to be tested experimentally in vitro and in vivo using
gnotobiotic models. Importantly, the commensal
Ro60 ortholog-directed responses may also promote
systemic autoimmune responses. Sera from anti-
Ro60þ lupus patients immunoprecipitated com-
mensal Ro60 ribonucleoproteins and CD4þmemory
T-cell clones cross-reacted with Ro60 orthologs.
Unpublished data from our group also suggest that
Ro60 knockout (KO) mice crossed with the lupus-
prone TLR7.1 transgenic mice produce significant
levels of serum antihuman Ro60 IgG [49]. The pro-
duction of anti-Ro60 antibodies in the absence of
murine Ro60 further supports the hypothesis that
microbial Ro60 contributes to anti-Ro60 autoimmu-
nity. This paradigm should be advanced further by
generating microbial mutants of Ro60 and by
extending peripheral blood and microbiome studies
to pre-SLE cohorts.

As more evidence arises on cross-reactivity, fur-
ther efforts should be made to investigate the
remaining ortholog candidates. Corynebacterium
amycolatum, for example, can colonize the lacrimal
 Copyright © 2019 Wolters Kluwer H
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duct and could therefore be involved in the patho-
genesis of dry eye symptoms in anti-Ro60þ Sjögren’s
syndrome patients. In addition to cross-reactivity,
naturally polyreactive antibodies recognizing the
microbiota also contribute to autoantibodies with
germline-encoded gene segments [50]. Finally,
cross-specific antibodies recognizing only a limited
set of microbes were recently defined and could
theoretically also target certain host antigens in
genetically susceptible individuals [51].
GUT COMMENSAL TRANSLOCATION IN
SYSTEMIC LUPUS ERYTHEMATOSUS

In addition to T- and B-cell cross-reactivity on a
molecular level, Th17 and Tfh cells also contribute
to the pathogenesis of SLE at a cellular level [42].
Recent work from our laboratory shows that an
unusual gram-positive gut commensal, Enterococcus
gallinarum, translocates across the gut barrier and is
capable of inducing Th17 and Tfh cells as well as
innate immune pathways such as the pDC/IFN axis
[52

&

]. Monocolonization of E. gallinarum alone in
germ-free nonautoimmune-prone mice was suffi-
cient to induce peripheral Th17 and to break toler-
ance, generating anti-dsDNA and anti-RNA
autoantibodies [52

&

]. Importantly, E. gallinarum
was found to cross the gut barrier and colonize
extraintestinal organs such as the mesenteric lymph
nodes, liver, and spleen, contributing also to organ-
specific autoimmunity (i.e., autoimmune hepatitis-
like inflammation). E. gallinarum DNA and anti-E.
gallinarum adaptive immune responses were detect-
able in blood and liver tissues from both patients
with either autoimmune hepatitis or SLE, and
human hepatocyte co-cultures with E. gallinarum
products elicited similar pathways as in mice in vivo
[52

&

]. Translocation of E. gallinarum, the autoim-
mune pathways, and the autoimmune phenotypes
were prevented in mice treated with an oral antibi-
otic targeting gram-positive bacteria or, more spe-
cifically, with an intramuscular vaccine targeting E.
gallinarum but not phylogenetically related Entero-
coccus faecalis or unrelated gut bacteria [52

&

].
In addition to E. gallinarum, we explore other

microbiota, most notably lactobacilli, which also
translocated to human livers along with Enterococcus
spp. [52

&

]. Lactobacilli are highly immunomodula-
tory bacteria with a wide range of host effects includ-
ing promotion of tolerogenic and pro-inflammatory
pathways. We recently identified a Lactobacillus reu-
teri strain, typically viewed as a probiotic, that was
enriched in the fecal and ileal microbiome of lupus-
prone TLR7.1 transgenic mice [53

&

]. This lupus
model is predominantly driven by the pDC/IFN
pathway. L. reuteri exacerbated this pathway in
ealth, Inc. All rights reserved.
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the transgenic model and an inducible lupus model
triggered by exogenous TLR7 activation via imiqui-
mod. Importantly, even in the germ-free setting, L.
reuteri monocolonization alone was able to promote
the pDC and type I IFN pathway induced by imi-
quimod. Interestingly, L. reuteri could be recovered
from mesenteric lymph nodes, liver, and spleen of
these animals and translocation was mechanisti-
cally linked to TLR7 using TLR7 KO mice, but the
autoimmunity-promoting effects of L. reuteri devel-
oped before detectable translocation, suggesting
metabolites secreted by L. reuteri may contribute
 Copyright © 2019 Wolters Kluwe

FIGURE 1. Examples of microbiota in rheumatoid arthritis (R
systemic autoimmunity. (a) Pathobionts linked to RA. In the oral ca
[38] and complement activation (not shown) [36,37]. Posttranslat
leukotoxin A from A. actino. [34&&]. This toxin induces citrullinate
cytolysis leading to neutrophil extracellular traps (not shown). In th
both innate and adaptive signaling pathways [30,31&]. (b) Patho
and type I IFN innate pathways in genetically prone hosts leading
the jejunum and ileum but drives autoimmunity by translocating to
Tfh cells, autoantibodies and pDCs (not shown) [52&]. Ro60 ortho
P. propionicum, or C. amycolatum (not shown), induce cross-reac
targeted in SLE and Sjögren’s syndrome [19&]. IFN, interferon; pD
molecular patterns; AhR, aryl hydrocarbon receptor.
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to lupus-like manifestations [53
&

]. Furthermore,
fecal Lactobacillus spp. were enriched in a subset
of SLE patients with concomitant decrease of Clos-
tridiales, as seen in the TLR7-driven murine models
[53

&

]. In mice, Clostridiales and other short-chain
fatty acid-producing gut commensals could be
enriched by a starch diet that in turn suppressed
L. reuteri via short-chain fatty acids in vitro and in
vivo. Consistent with suppressed L. reuteri growth,
starch feeding prevented lupus-like disease and all
pDC and type I IFN signatures induced by TLR7
signals [53

&

].
r Health, Inc. All rights reserved.

A) and systemic lupus erythematosus (SLE) that propagate
vity, P. gingivalis skews autoimmune responses through TLR2

ional modification of RA autoantigens is mediated by
d peptides in neutrophils, which generates neo-epitopes and
e colon, P. copri promotes Th17 differentiation, engaging

bionts linked to SLE. In the ileum, L. reuteri promotes pDC
to SLE-related manifestations [53&]. E. gallinarum colonizes
extraintestinal organs and inducing autoreactive Th17 and
log-expressing Bacteroides thetaiotaomicron,
tive T and B cell responses towards the Ro60 autoantigen
C, plasmacytoid dendritic cell; MAMPs, microbe-associated
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In summary, an otherwise innocuous gut
commensal, promoted as a probiotic for healthy
individuals, can become a pathobiont in genetically
or environmentally prone hosts suffering from
enhanced TLR7 pathway-related signals. This study
cautions against the unrestricted use of probiotics
and provides a dietary intervention that may be bene-
ficial for autoimmune-prone individuals with a type I
IFN signature, a hypothesis that could be tested in a
human pilot study. SLE patient subsets carrying the
type I IFN signature should be explored more specifi-
cally for a dysbiosis of Lactobacillus spp. versus Clos-
tridiales. Clearly, the SLE microbiome will not be
uniformly altered given the subphenotypes that are
already well defined both clinically and genetically.
CONCLUSION

We summarized recent studies that identified mech-
anistic links between the mucosal (gut, oral, and
gingival) or skin microbiota and autoimmune path-
ways in RA and SLE, respectively. Older studies and
numerous association studies without deeper mech-
anistic insights were not part of this review but con-
tribute equally to the burgeoning literature on the
microbiome in systemic autoimmune diseases. Sev-
eral pathobionts have been identified in RA and SLE
(Fig. 1) that warrant further mechanistic work as well
as investigation of their prevalence in geographically
distinct regions. The microbiome is, however, a par-
adigm for personalized medicine, so even if all tech-
nical and study-related biases are avoided, biologic
differences in patient microbiomes will likely persist.
Personalizedapproaches, such as longitudinal studies
in individual patients as well as microbiota-targeted
interventions in prescreened patient subsets, might
be solutions to this hurdle.

In summary, posttranslational modification and
cross-reactivity are two molecular mechanisms of
how the microbiota and its antigens or toxins can
promote systemic autoimmunity. Other processes
such as bystander activation and epitope spreading
are also likely to contribute to disease [1]. Cellular
mechanisms include translocation of bacteria to
target organs and Th cell skewing. Furthermore,
apoptosis induced in infected host cells may lead
to autoreactivity as shown for pathogens [54], and is
also plausible for translocating gut bacteria. In gen-
eral, recent studies highlight gut commensal trans-
location to internal organs as an important step in
autoimmune host–microbiota responses. These
studies put mucosal barriers at the center of non-
gut autoimmune diseases – barriers that are fre-
quently dysfunctional in humans exposed to med-
ications (e.g., NSAIDs, proton pump inhibitors),
mucosal pathogens, or other barrier-altering factors.
 Copyright © 2019 Wolters Kluwer H

206 www.co-rheumatology.com
Consistent with this paradigm in SLE, other gut
commensals identified in RA microbiome profiling
studies have recently been found to alter gut perme-
ability and disease severity in experimental arthritis
[55]. In addition, synovial fluid 16S rDNA sequenc-
ing suggests candidates such as P. copri, discussed
above, might also reach target tissues in RA [56].
Finally, some systemic rheumatic diseases, most
notably ankylosing spondylitis, are associated with
well-documented subclinical gut inflammation and
altered permeability [57]. Gut commensal translo-
cation to joints or other systemic tissues likely con-
tribute to autoimmune disease in this setting.
Overall, this review summarized molecular and cel-
lular mechanisms of how recently identified path-
obionts contribute to systemic autoimmunity.
Microbial antigens, toxins, soluble factors, or direct
interactions with host tissues after translocation
from mucosal sites are all mechanisms to be
explored further in this fascinating field.
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 CURRENT
OPINION Low-dose interleukin-2 therapy for the treatment

of systemic lupus erythematosus

Jens Y. Humrich and Gabriela Riemekasten

Purpose of review
To provide an overview behind the concept and recent advances of low-dose interleukin-2 (IL-2) therapy in
systemic lupus erythematosus (SLE).

Recent findings
A disruption of regulatory T cell homeostasis caused by an acquired deficiency of IL-2 is a crucial event in
the pathogenesis of SLE. Here, we highlight the key rationales for the clinical translation of low-dose IL-2
therapy in SLE and summarize the main findings from two independent, early phase uncontrolled clinical
studies that investigated the immunological and clinical responses to low-dose IL-2 therapy in patients with
active SLE. Important commonalities and differences between these studies with regard to study design and
results are discussed.

Summary
Low-dose IL-2 therapy is capable to promote the selective expansion of a functionally competent regulatory
T cell population in a well-tolerated way and may have the potential to influence the clinical course in
patients with active SLE. Although a clearer proof for the clinical efficacy of low-dose IL-2 therapy in SLE is
still outstanding, these early studies provide important rationales and the scientific basis for more
comprehensive and placebo-controlled trials in the future.

Keywords
immunotherapy, interleukin-2, regulatory T cell, systemic lupus erythematosus

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex
and heterogeneous disease in terms of clinical pre-
sentation as well as from an immunological point of
view. Despite growing knowledge about the
immune-pathogenesis and the underlying patho-
physiological processes in SLE, the implementation
of novel therapeutics has largely failed so far, reflect-
ing the requirement for different therapeutic strate-
gies in this heterogeneous disease. Recent progress
in the understanding of the role of interleukin-2 (IL-
2) deficiency and its negative impact on regulatory T
cell (Treg) homeostasis in the pathogenesis of SLE
has led to the clinical translation of this targeted
therapeutic approach. Low-dose IL-2 therapy in SLE
mainly aims to restore Treg homeostasis in a physi-
ological way by compensating for this deficiency
and thereby to avoid a global immunosuppression.
Thus, in contrast to most other autoimmune con-
ditions, which are currently under investigation for
the applicability of IL-2 therapy, there is a strong
rationale for low-dose IL-2 therapy in SLE coming
from pathophysiological findings.

DISRUPTION OF THE TREG-INTERLEUKIN-2
AXIS IN SYSTEMIC LUPUS
ERYTHEMATOSUS: THE
PATHOPHYSIOLOGICAL RATIONALE FOR
INTERLEUKIN-2 THERAPY

Already back in the 1980s, briefly after IL-2 was
firstly discovered and molecularly cloned, lupus
researchers found that T cells from SLE patients
and lupus-prone mice produce less IL-2 than healthy
individuals [1–3]. Although the pathologic rele-
vance and mechanisms behind this phenomenon
have not been clear at these days, it could be
regarded as the birth of the concept of IL-2
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KEY POINTS

� Low-dose IL-2 therapy selectively expands a functionally
competent Treg population in patients with active
SLE.

� The therapy has a very good safety profile in short-term
observations and is commonly well tolerated within a
certain dose range.

� Preliminary clinical data suggest that low-dose IL-2
therapy can influence disease activity in SLE
patients.

� Low-dose IL-2 therapy directly addresses the
pathophysiology in SLE and thus has the potential to
become a novel targeted treatment strategy in SLE with
a unique mode of action.

� Placebo-controlled trials are currently ongoing to
provide more robust evidence for the clinical efficacy of
low-dose IL-2 therapy in patients with SLE.

Low-dose IL-2 therapy in SLE Humrich and Riemekasten
deficiency in SLE pathogenesis and paved the way
for IL-2 substitution as a possible treatment option
for SLE. The notion that shortage of IL-2 was some-
how involved in tolerance breach in autoimmune
syndromes could indeed be confirmed by studies in
genetically IL-2-deficient mice approximately
10 years later [4]. These mice developed generalized
autoimmunity and autoimmune hemolytic anemia
because of an unleashed hyperactivity of B and T
cells with remarkable similarities to SLE, including
the production of autoantibodies [5]. A first hint for
the potential of IL-2 as a therapeutic agent for lupus
came from studies in MRL/lpr mice which were
infected with a recombinant vaccinia virus-based
vector system that encodes for IL-2. These mice
showed prolonged survival and reduced autoanti-
body production and immunopathology in the tar-
get organs [6], although the mechanisms of how IL-2
supplementation ameliorated murine lupus
remained unresolved at this time. After the intro-
duction of the concept of immune regulation by
Treg by Sakaguchi et al. [7,8], subsequent studies in
IL-2-deficient mice could clearly link IL-2 deficiency
to a profound homeostatic impairment of Treg and
thus could prove that IL-2 is a key factor in Treg
biology [9–11]. Considering the crucial role of Treg
in immune tolerance, it was not surprising that also
lupus researchers started to explore the role of Treg
in SLE pathogenesis. What they most consistently
discovered was a reduction of CD25þ cells among
CD4þ T cells or a reduced expression of CD25 on
Treg [12–15], suggesting a dysregulated expression
of the IL-2 receptor a-chain, which constitutes a
typical feature of IL-2 deficiency.
 Copyright © 2019 Wolters Kluwe
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Consecutively, a causal relationship between an
acquired deficiency of IL-2 and a progressive
impairment of Treg homeostasis was identified in
lupus prone [New Zealand Black x New Zealand
White (NZBxNZW)] F1 mice [16]. This self-amplify-
ing disruption of the Treg-IL-2 axis promoted T cell
hyperactivity and accelerated disease progression,
providing the first evidence for the pathogenic rele-
vance of lL-2 deficiency in lupus pathogenesis. On
the other hand, the substitution of IL-2 increased
the size of the Treg population and ameliorated
established and active disease in these mice pointing
to the reversibility of these Treg defects and provid-
ing the rationale for IL-2 therapy in lupus at a
pathophysiological level [16,17]. Of note, IL-2 defi-
ciency in lupus-prone mice develops during disease
progression and is not absolute, despite some
intriguing immunological similarities with geneti-
cally IL-2-deficient mice [9,16]. More recently, it
could be shown that also in patients with SLE, Treg
defects are associated with shortage of IL-2 in anal-
ogy to those observed in (NZBxNZW) F1 lupus mice.
These defects were characterized by a progressive
homeostatic disbalance between Treg and conven-
tional CD4þ T cells (Tcon) and a substantial reduc-
tion of the CD25hi expressing Treg subset that is
enriched for functionally and metabolically compe-
tent Treg with a high suppressive capacity. Such
hallmarks of IL-2 deficiency correlated with disease
activity and could be selectively reversed in vitro and
in vivo by stimulation with low doses of IL-2 [18

&

].
The pathophysiological findings in animal mod-

els and humans described above and their revers-
ibility by IL-2 substitutions provided the key
rationales for the clinical translation of IL-2 therapy
in SLE with the aim to recover Treg homeostasis by
means of compensating for the lack of IL-2, and thus
to restore a physiological state [17].
CLINICAL TRANSLATION OF LOW-DOSE
INTERLEUKIN-2 THERAPY FOR THE
TREATMENT OF SYSTEMIC LUPUS
ERYTHEMATOSUS

IL-2 therapy was firstly clinically introduced for the
treatment of malignancies in a high-dose setting
with the rationale to broadly stimulate the antitu-
mor activity of T and natural killer (NK) cells [19–
21]. High-dose IL-2 therapy, however, was accom-
panied by very severe side-effects and toxicities, thus
strongly limiting the use of such high-dose regimens
in autoimmune diseases. In contrast to cancer ther-
apy, IL-2 therapy in autoimmune diseases aims to
enhance Treg activity, which could be achieved
selectively by the use of low doses of IL-2 according
to animal studies [17,22,23]. However, at this stage,
r Health, Inc. All rights reserved.
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before the clinical implementation of IL-2 therapy
for the treatment of SLE, the availability of an
appropriate and well-tolerated dosing regimen for
the treatment of autoimmune diseases in humans
was an unresolved issue. This changed when two
independent pioneer studies reported the clinical
and immunological effects of low-dose IL-2 therapy
in hepatitis-C-associated vasculitis and in graft-
versus-host disease, respectively [24,25]. Impor-
tantly, these studies provided dosing regimens that
were appropriate to safely and efficiently expand the
Treg population in humans with immune-
mediated diseases.

Consecutively, the first patient with active and
refractory SLE was treated in 2013 in a compassion-
ate setting at our site with a cyclic and subcutane-
ously applied low-dose IL-2 regimen in accordance
to the treatment regimen published by Saadoun
et al. [24]. The treatment was well tolerated and
rapidly induced clinical remission which was
accompanied by an efficient and cyclic expansion
of the Treg population [26

&

].
CLINICAL STUDIES ON LOW-DOSE
INTERLEUKIN-2 THERAPY IN SYSTEMIC
LUPUS ERYTHEMATOSUS

Encouraged by these results, we initiated a prospec-
tive, open-label, uncontrolled, dose-adaption, sin-
gle-center phase 1/2a trial, in which we primarily
addressed the safety, the tolerability, and the
response of the Treg population to low-dose IL-2
therapy in patients with active and refractory SLE.

The primary endpoint of this proof-of-concept
trial was to demonstrate an increase in the propor-
tions of CD25hi expressing cells among FoxP3þC-
CD127lo Treg by two-fold after four cycles of low-
dose IL-2 therapy. This endpoint was chosen
because SLE patients were found to have reduced
proportions of this Treg subset compared to healthy
subjects and the decline in CD25þ Treg, as a hall-
mark of IL-2 deficiency, correlated with disease
activity [18

&

]. Secondary endpoints included the
clinical responses and changes in diverse serological
and immunological parameters. Between 2014 and
2016, 10 patients were enrolled into the trial in
addition to two patients that were treated ahead
of the study with the same regimen in a compas-
sionate use setting. The treatment regimen con-
sisted of four treatment cycles each with daily
subcutaneous injections of recombinant human
IL-2 (aldesleukin) for 5 consecutive days separated
by washout-phases of 9–16 days. The single daily
dose in the first cycle was 1.5 million IU or 7.5
million IU per cycle for all patients. The single dose
in the consecutive cycles was either increased to 3.0
 Copyright © 2019 Wolters Kluwer H
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million IU or decreased to 0.75 million IU according
to tolerability, adverse events, changes in laboratory
parameters, and the magnitude of the Treg response.

All 12 treated patients showed very remarkable
and dose-dependent increases in the proportions
and numbers of CD25hi cells among Treg and of
total FoxP3þCD127lo Treg. In addition, there was a
substantial treatment-related upregulation of CD25
expression in Treg [27]. The Treg response was very
distinct and reproducibly observed in all patients
after each of the four treatment cycles, indicating
that, in general, the responsiveness to IL-2 in Treg
cells from SLE patients is not impaired, as it was
suggested by two recent studies on IL-2-induced
signaling events in SLE T cells [28,29]. However,
the response was also of a transient nature and
declined almost to baseline levels in between the
cycles, which suggests that the cyclic treatment
modality may be suboptimal to induce a persistent
expansion of the Treg population. A clinical
response with a complete disappearance of clinical
manifestations such as skin rash, arthritis, myositis,
and alopecia assessed by SLE disease activity index
modified in the Safety of Estrogens in Lupus Eryth-
ematosus National Assessment (SELENA-SLEDAI)
was achieved in 8 of the12 treated patients
(66.7%). In all responding patients, induction of
remission occurred rapidly after one or two treat-
ment cycles. However, no significant decrease in
levels anti-dsDNA-antibodies or other autoantibod-
ies and only transient increases in the complement
factor C3 were observed, suggesting that low-dose
IL-2 therapy has no direct influence on humoral
activity [30,31]. A significant correlation between
the increase in proportions of CD25hi expressing
cells among Treg and the clinical response was
observed, suggesting that a stronger expansion of
the CD25hi Treg population leads to a better clinical
outcome (Humrich et al., unpublished data). In
addition, low-dose IL-2 therapy preferentially and
dose-dependently promoted the proliferation of
Treg which resulted in partial restoration of the
homeostatic balance between Treg and Tcon. The
IL-2-expanded Treg population displayed a pre-
served suppressive capacity and proportions of Treg
expressing Helios, a marker that distinguishes thy-
mic-derived from so-called inducible Treg, remained
stable at high levels during the IL-2-induced Treg
expansion [27]. While addressing the pleiotropy of
IL-2, we found that low-dose IL-2 therapy also
enhanced the proliferation of CD4þ Tcon, of
CD8þ T cells, of NK T cells, and especially of NK
cells in a dose-dependent fashion, which, however
and in contrast to the Treg population, did not lead
to an increase in cell numbers of these lymphocyte
subsets [27]. The therapy was well tolerated at the
ealth, Inc. All rights reserved.
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single doses of 0.75 Mio IU and 1.5 million IU of IL-2
and no serious adverse event or serious infection
occurred during the treatment phase. Still, a higher
rate and severity grade of adverse events and a
general discomfort was observed with the highest
single dose of 3.0 million IU, rendering a daily dose
of 1.5 million IU or 7.5 million IU per cycle, the
maximal well-tolerated dose in our trial [30,31]. In
particular, there was no evidence that low-dose IL-2
therapy in any of the applied doses aggravates auto-
immunity or induces organ toxicities, although the
induction of a mild acute-phase reaction consisting
of treatment-related increases in C-reactive protein
and other acute phase proteins was reliably observ-
able in most patients (Humrich et al., unpublished
data).

Together, these findings indicate that low-dose
IL-2 therapy is capable to safely promote the selec-
tive expansion of a thymic-derived and functionally
competent Treg population that expresses high lev-
els of CD25. These cellular effects were accompanied
by an efficient reduction in disease activity in the
majority of treated patients, suggesting that low-
dose IL-2 therapy is also clinically effective. Thus,
in view of the refractory state of the treated popula-
tion and despite the limitations in the interpreta-
tion of the clinical data because of the small sample
size and the lack of a placebo group, the results of
this study can be considered encouraging.

Recently, He et al. [32
&

] reported the clinical
responses and some immunological effects of a
low-dose IL-2 regimen on top of standard-of-care
treatment in 38 patients with active SLE obtained
during an uncontrolled single-center study. The
regimen here consisted of three treatment cycles
each with injections of 1.0 million IU of recombi-
nant human IL-2 every other day for 2 weeks (7.0
million IU per cycle) separated by therapy-free inter-
vals of 2 weeks. They observed a significant increase
in the proportions of CD25hiCD127lo T cells, which
they defined as Treg, and in parallel found a decrease
in the proportions of follicular T helper cells (Tfh)
and of Th17-like cells among CD3þCD4þ T cells,
whereas there were no significant changes in pro-
portions of Th1 and Th2 like cells. Furthermore, the
IL-2-expanded Treg exhibited a better in-vitro sup-
pressive function compared to baseline assessments.
From our point of view, some of these immunologi-
cal findings are not entirely convincing for the
following reasons: first, the Treg lineage marker
FoxP3 was not included in the flow cytometric panel
and Treg were defined only by expression of CD25
and CD127. This approach is problematic as a large
proportion of Treg lacks expression of CD25 in SLE
patients as a consequence of IL-2 deficiency and a
clear separation from Tcon, which usually do not or
 Copyright © 2019 Wolters Kluwe
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only transiently express FoxP3 but do express CD25
upon activation and stimulation with IL-2, becomes
impossible. Second, only cell frequencies in relation
to total CD3þCD4þ T cells, which included also the
expanded Treg population, but no changes in abso-
lute cell numbers, which could have clearly
strengthened their conclusions regarding the
decrease in Th17 and Tfh cells, were reported. In
addition, CD4þ T helper cell subsets were only
defined by their chemokine receptor expression
repertoire and not by lineage-specific markers or
cytokines such as interleukin-17, interferon-g, or
interleukin-4. Effects on other lymphocyte subset,
such as CD8þ T cells or NK cells, which can respond
to IL-2 even when applied in low doses as shown by
our study, were not addressed in this work. The most
remarkable finding, however, was the clinical
response: they observed a reduction in SELENA-SLE-
DAI in 100% and a SLE responder index-4 response,
a complex composite index for the assessment of
clinical changes in SLE trials, in nearly 90% of
treated patients after three treatment cycles. In con-
trast to our study, they also reported a highly signif-
icant decrease in levels anti-dsDNA-Abs, very
distinct increases in complement factors, and a sig-
nificant reduction in the dose of glucocorticoste-
roids. In addition, the large majority of SLE-
associated manifestations disappeared or improved
including hematological abnormalities and renal
protein excretion. On the first view, these results
seem impressive, but are rather unusual for a het-
erogeneous and complex disease like SLE, especially
in consideration of the rather disappointing results
from previous clinical trials with other promising
drugs in SLE. The most plausible explanation for this
exceptional clinical response is that many patients
had a quite intense background therapy including
high doses of glucocorticosteroids (up to 60 mg per
day), mycophenolate and cyclophosphamide,
which may have substantially influenced the clini-
cal outcome in this study. Indeed, the putative
control group, which was assessed after the main
study for immunological and clinical responses
under a similar background therapy, showed a com-
parable good clinical response. In consideration of
this robust background therapy and in comparison
to our study, in which a similar cumulative dose per
cycle was administered, the low rate of reported
adverse events also appears quite notable. Even
though most adverse events in our study were only
mild to moderate, which implies a very good safety
profile of this treatment in general, the rate of
adverse events in our trial population indeed was
by far higher (159 adverse events in 10 patients)
compared to the study by He et al. [32

&

] (7 adverse
events in 38 patients).
r Health, Inc. All rights reserved.
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CONCLUSION

In essence, both studies convincingly confirm that
low-dose IL-2 therapy is capable to promote the
effective and selective expansion of the Treg popu-
lation in a well-tolerated way and provide prelimi-
nary evidence for its therapeutic potential in
patients with SLE. Overall, despite some reasonable
skepticism with regard to study design, data inter-
pretation, or sample size, the results of both of these
studies can be considered promising and justify the
further exploration and clinical development of this
novel therapeutic approach [33]. Placebo-controlled
phase 2 trials are currently ongoing and will provide
a clearer estimation of the therapeutic potential of
low-dose IL-2 therapy in the clinical management of
SLE. The potential use of modified IL-2 analogues or
of anti-IL-2 antibodies complexed with IL-2 could
further increase the selectivity for Treg thereby
avoiding unwanted pleiotropic effects and improv-
ing its tolerability [23,34,35].
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