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The numbers of peripheral regulatory
T cells are reduced in patients with psoriatic
arthritis and are restored by low-dose

interleukin-2
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Chong Gao and Xiao-Feng Li

Abstract

, Sheng-Xiao Zhang*, Yu-Fei Hao, Meng-Ting Qiu, Jing Luo, Yu-Yao Li,

Background: Although regulatory T cells (Tregs) play crucial roles in the maintenance of
immune hemostasis, the numbers of peripheral Tregs in patients with psoriatic arthritis
(PsA) remain unclear. We measured these numbers and the efficacy and safety of low-dose

interleukin-2 (IL-2] therapy.

Methods: We recruited 95 PsA patients, of whom 22 received subcutaneous low-dose |L-2
[0.5millioninternational units (MIU) per day for 5days] combined with conventional therapies.
The absolute numbers of cells in peripheral CD4™ T cell subsets were measured via modified
flow cytometry. Clinical and laboratory indicators were compared before and after treatment.
Results: PsA patients had lower peripheral Treg numbers than healthy controls (p <0.01),
correlating significantly and negatively with the levels of disease indicators (p < 0.05).
Although low-dose IL-2 significantly increased the Th17 and Treg numbers in PsA patients
compared with the baseline values, the Treg numbers rose much more rapidly than those of
Th17 cells, re-balancing the Th17 and Treg proportions. Low-dose IL-2 combination therapy
rapidly reduced PsA disease activities as indicated by the DAS28 instrument, thus the number
of tender joints, visual analog scale pain, physician global assessment, the dermatology life
quality index score, and the health assessment questionnaire score (all p<0.05).
Conclusion: PsA patients exhibited low Treg numbers. Low-dose IL-2 combination treatment
increased these numbers and relieved disease activity without any apparent side effects.
Additional studies are required to explore the long-term immunoregulatory utility of IL-2

treatment.
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Introduction

Psoriatic arthritis (PsA) is a chronic, immune
system-mediated, disabling inflammatory dis-
ease with a long and repetitive course; the multi-
ple manifestations include peripheral arthritis,
enthesitis, dactylitis, and psoriasis.! Skin and
joint treatments remain suboptimal; PsA is
heterogeneous and the underlying causes are
obscure. It is accepted that activated CD4*" T
helper (Th) subsets (Thl, Th2, and Th17 cells)

play indispensable roles in autoimmune dis-
eases,>® and are the targets of conventional
immunosuppressive therapies. Also, various bio-
logical agents targeting inflammatory cytokines
such as interleukin (IL)-17, IL-23, and tumor
necrosis factor (TNF)-a have been used to alle-
viate the joint and skin symptoms of PsA
patients.® However, the clinical effects remain
unsatisfactory.” New therapies are essential.
Recently, immunosuppressive regulatory T cells
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(Tregs) have been shown to maintain immune
system hemostasis and peripheral tolerance to
self- and non-self-antigens.® CD4*CD25+ T
lymphocytes constitute a well-studied subgroup
of Tregs; the forkhead box transcription factor
FOXP3 mediates the immunosuppressive phe-
notypes.” Disruption of the crucial balance
between Th17 and CD4+*CD25*FOXP3" Treg
numbers, caused by changes in the numbers
and/or functions of either cell type, have been
described in patients with various inflammatory
and autoimmune diseases, including primary
Sjogren’s syndrome (pSS), rheumatoid arthritis
(RA), ankylosing spondylitis (AS), multiple scle-
rosis, systemic lupus erythematosus (SLE), pso-
riasis, and PsA.%12 Notably, Tregs isolated from
both peripheral blood (PB) and psoriatic skin do
not effectively suppress effector T cell actions in
patients with psoriasis.!314 However, the abso-
lute numbers of Treg and Th17 cells in the PB
of PsA patients remain controversial.

IL-2 plays stimulatory and inhibitory roles in the
immune system by binding to IL-2 receptors
(IL-2Rs), either high-affinity trimeric receptors
[IL-2Ra (CD25), IL-2RB (CD122), and IL-2Ry
(CD132)] or intermediate-affinity dimeric IL-2Rs
(with B and y chains).!>!® Low-dose IL-2 is
required for the optimal development, survival,
and function of Tregs that express high levels of
IL-2Ra (CD25).17 Exogenous low-dose IL-2
therapy effectively and safely treated autoimmune
disorders primarily by restoring Treg numbers
and functions, and rebalancing the Th17/Treg
ratios.®1® Here, we measured the numbers of
CD4" T lymphocytes of various subsets, includ-
ing Th17 cells and Tregs, and calculated Th17/
Treg ratios in the PB of PsA patients. We also
evaluated the immunoregulatory utility and clini-
cal safety of low-dose IL.-2 combination therapy.

Methods

Patients and healthy controls

We consecutively enrolled 95 patients with PsA
(50 females and 45 males), including 21 new-
onset and 74 previously treated patients. We also
enrolled 106 healthy controls (56 females and 50
males) who visited the rheumatology clinic or the
physical examination center of the Second
Hospital of Shanxi Medical University from
January 2016 to August 2018. The patients ranged

from 23 to 70years of age and met the 2006 PsA
(CASPAR) criteria.!® The exclusion criteria
included an IL-2 allergy or intolerance; any other
autoimmune disease; a malignant tumor; any
heart, kidney, or liver dysfunction; and/or a recent
serious infection. The study was performed in
accordance with all relevant tenets of the
Declaration of Helsinki and was approved by the
Ethics Committee of the Second Hospital of
Shanxi Medical University. Informed consent was
obtained from each patient at the time of study
entry.

Study design and treatment

The absolute numbers of CD4* T lymphocytes in
blood from all subjects were derived via modified
flow cytometry. All patients were on prednisone
and/or other immunosuppressive medications to
control disease activity. A total of 22 patients were
randomly chosen (using a random number table)
to receive subcutaneous human IL-2 (aldesleukin)
at 0.50 million International Units (MIU) per day
for 5days. Laboratory and clinical data were col-
lected before and after treatment for all patients,
but only those receiving low-dose IL-2 underwent
re-evaluation of CD4" T cell subset counts within
2 days of treatment completion.

Outcomes

Efficacy. The primary efficacy outcomes were the
clinical indicators, including the tender joint count
(TJC), swollen joint count (SJC), visual analog
(pain) score (VAS), dermatology life quality index
(DLQI) score, physician global assessment
(PHGA), health assessment questionnaire (HAQ)
score, erythrocyte sedimentation rate (ESR), dis-
ease activity score (DAS) on the 28-ESR instru-
ment, and C-reactive protein (CRP) level.

The indicators of immunological efficacy were
the absolute numbers of CD4" T lymphocytes,
including Th1, Th2, and Th17 cells, and Tregs,
and the Th17/Treg and Th1/Th2 ratios, derived
via modified flow cytometry.® We added the
appropriate monoclonal antibodies and whole
blood directly to BD Trucount tubes. The lyo-
philized antibody pellet dissolved in each tube,
releasing a known number of fluorescent beads.
The absolute numbers (cells/ull) of positive
cells were determined by comparing cellular
and bead events. The absolute numbers of cells
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Table 1. A summary of baseline demographics and disease characteristics of all enrolled patients.

New-onset Treated All PsA patients
n 21 74 95
Sex (female/male) 8/13 42/32 50/45
Age (years) 46 £11.42 45+11.76 44+13.3
Duration of disease (years), median (range) 0.2 (0.10-11) 3(0.05-30) 2 (0.05-30)
DAS28, median (range) 4.5(2.7-6.5) 4.5(2.2-6.5) 4.5(2.2-6.5)
TJC, median (range) 8 (4-16) 8(2-12) 8 (2-16)
SJC, median (range) 2 (0-6) 2 (0-4) 2 (0-6)
ESR (mm/h), median (range) 24 (3-100) 24 (1-120) 24 (1-120)
CRP (mg/l}, median (range) 4.21(1.25-111) 9.16 (1-165) 8.49 (1-165)
VAS, median (range) 7 (4=9) 6 (3-9) 7 (3-9)
PHGA, median (range) 6 (4-8) 6 (3-9) 6 (3-9)
DLQI, median (range) 12 (9-19) 12 (6-18]) 12 (6-19)
HAQ, median (range) 11 (7-17) 10 (5-16) 10 (5-17)
Use of concomitant agents (no. of patients)
Methotrexate 6 24 30
Leflunomide 3 7 10
Sulfasalazine 1 4 5
Cyclophosphamide 0 8 8
Thalidomide 0 4 4
Rapamycin 3 14 17
Tretinoin tablets 14 20 34
Biological agents 12 56 68
Total glucosides of paeony capsules 1 21 22

CRP, C-reactive protein; DAS28, disease activity score 28S; DLQI, dermatology life quality index score; ESR, erythrocyte
sedimentation rate; HAQ, health assessment questionnaire score; PHGA, physician’s global assessment; PsA, psoriatic
arthritis; SJC, swollen joint count; TJC, tender joint count; VAS, visual analog (pain) score.

in the various CD4" T subsets were the per-
centages of each CD4" T subset multiplied by
the total number of CD4" T cells. This single-
platform method (the gold standard for absolute
cell assessments) minimizes the risk of aberrant
results.

Safety. The safety indicators included drug resis-
tance, allergy, fever, fatigue, redness, and pain at

the injection site. We assessed the effects of IL-2
on all vital organs and recorded all adverse events.

Statistical analysis

The demographic parameters of healthy controls
and all patients were compared using the unpaired
t-test for parametric data (age) or the independent-
samples Mann—Whitney U test, Kruskal-Wallis
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Figure 1. Comparison of the absolute numbers of peripheral CD4*T subsets between PsA patients (n=95)

and healthy controls (n=106). (a, b, e] No statistically significant difference in the Th1or Th2 cell numbers or
the ratio between the patients and healthy controls. (c, d, f] The levels of Th17 were significantly increased
while that of Tregs reduced in PsA patients, resulting in a higher ratio of Th17/Treg, imbalance of pro- and
anti-inflammation T cells. Data were calculated and compared with Mann-Whitney U test and are presented as

median (range).
PsA, psoriatic arthritis; Tregs, regulatory T cells.

*p<0.05, **p < 0.01, ***p <0.001. Asymptotic significances (2-sided tests) were displayed. The significance level was

p<0.05.

test, or one-way analysis of variance (ANOVA) for
non-parametric data (the TJC, SJC, and CD4* T
cell subset numbers; and routine blood, liver, and
renal function data). We employed the y? test to
compare proportions (sex). Clinical and immune
system efficacy and safety were compared before
and after IL-2 treatment using the Wilcoxon
signed-rank test. We calculated Pearson correla-
tions between CD4" T subset numbers and dis-
ease activities. All p-values are two-tailed; p<0.05
was considered to reflect statistical significance.
We employed SPSS ver. 22.0 and GraphPad Prism
ver. 6.0 software.

Results

Sex and mean age did not differ significantly
between patients and controls (sex: x2=0.001,
p»>0.05; age: t=0.344, p>0.05) or among the
21 new-onset patients, the 74 treated patients,
and the 106 healthy controls (sex: y2=2.286,
p>0.05; age: F=0.254, p>0.05). A total of 22
patients received low-dose IL-2 combination
treatment and completed the entire study. The
baseline clinical characteristics of all patients,
including age; sex; disease duration; DAS28-ESR
index score; ESR; CRP level; VAS, PHGA,
DLQI, and HAQ scores; and combination
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Figure 2. The differences of absolute numbers of CD4*T subgroups between PsA patients (including new-
onset and treated) and healthy controls. (a, b, ¢, e] Absolute numbers (cells/pL) of Th1, Th2, and Th17 cells
and the ratio of Th1/Th2 in PB were not significantly different among the healthy controls (n=106), new-
onset (n=21), and previously treated patients (n="74). (d, f) The absolute numbers of Tregs in PB were lower
and the ratio of Th17/Treg was higher in PsA patients (including new and treated) than healthy controls,
while there was no statistical difference between new-onset and treated patients in these indicators. Data
are presented as median (range). Statistical analysis was performed using the Independent-Samples

Kruskal-Wallis H test.

PsA, psoriatic arthritis; PB, peripheral blood; Tregs, regulatory T cells.
*p<0.05, **p <0.01, ***p <0.001. Asymptotic significances (2-sided tests) were displayed. The significance level was

p<0.05.

therapies are listed in Table 1 and Supplementary
Table 1.

CD4* T cell subset numbers

The absolute numbers and percentages of circulat-
ing CD4" T subset cells in all subjects were derived
via modified flow cytometry. PsA patients exhib-
ited significant increases in the absolute number of

Th17 cells (Z=2.120, p<0.05), significant reduc-
tions in Treg numbers (Z=2.953, p<0.05), and a
higher Thl17/Treg ratio (Z=3.833, p»p<<0.001)
(Figure 1) compared with normal controls. No sig-
nificant difference in Thl (Z=0.237, p>0.05) or
Th2 (Z=1.191, p>0.05) cell numbers or the ratio
(Z=0.034, p>0.05) was evident between patients
and controls (Figure 1), indicating that Th17 cells
and Tregs were more relevant to PsA pathogenesis
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Figure 3. Correlation of the absolute numbers of Th17 with disease activities. (a-i) The absolute counts of
Th17 were not significantly correlated with disease activity indicators including ESR (a), CRP (b), DAS28-
ESR (c), TJC (d], SJC (e), VAS (f], PHGA (g), DLQI (h), HAQ (i). Statistical analysis was determined by Pearson

coefficient.

CRP, C-reactive protein; DAS28-ESR, disease activity score on the 28-ESR instrument; DLQI, dermatology life quality
index score; ESR, erythrocyte sedimentation rate; HAQ, health assessment questionnaire score; PHGA, physician global
assessment; SJC, swollen joint count; TJC, tender joint count; VAS, visual analog (pain) score.

than were Thl or Th2 cells. In contrast, the pro-
portions of other CD4* T subsets did not differ
significantly between patients and controls, unlike
their absolute numbers (Supplementary Figure
S1), indicating that the cell proportions did not
completely parallel their absolute numbers. This
suggested that reduced absolute numbers of Tregs
affected PsA development.

Peripheral CD4* T cell subset numbers in new-
onset and previously treated patients

Compared with healthy controls, the absolute
numbers of peripheral Tregs in new-onset PsA
patients (Z=2.174, p<<0.05) and patients on
immunosuppressants (Z=2.561, p<<0.05) were
significantly reduced, but no significant differ-
ence in the level of Thl, Th2, or Th17 cells was
apparent (all p>0.05) (Figure 2). Notably, the
levels (both percentages and absolute numbers)
of CD4* T subset cells did not differ significantly

between new-onset and treated patients (all
p»>0.05) (Figure 2, Supplementary Figure 2).
The Treg numbers were significantly (negatively)
correlated with many disease activity indicators,
including the TJC and the VAS, PHGA, DLQI,
and HAQ scores; the Th17 numbers were not so
correlated (Figures 3 and 4). This suggested that
a decrease in the absolute number of Tregs rather
than Th17 cells played the more important role in
PsA pathogenesis and disease activity.

Clinical outcomes of IL-2 treatment

PsA patients who received IL-2 treatment for 5 days
exhibited significant improvements in most disease
activity measures: TJC (Z=3.868, p<<0.05), SJC
(Z=2.295, p<0.05), VAS (Z=3.687, p<<0.05),
ESR (Z=2.511,p<0.05), DAS28-ESR (Z=3.360,
$»<<0.05), HAQ (Z=3.612, p<0.05), DLQI
(Z=3.750, p<0.05), and PHGA (Z=3.567,
$<<0.05) (Figure 5).
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Figure 4. Correlation of the absolute numbers of Tregs with disease activities. (a-i) The absolute numbers of
Tregs were significantly negatively correlated with disease activity indicators including TJC (d), VAS (f], PHGA
(g), DLAI (h), HAQ (i), but not with ESR (a), CRP (b), DAS28-ESR (c], SJC (e). Statistical analysis was determined

by Pearson coefficient.

CRP, C-reactive protein; DAS28-ESR, disease activity score on the 28-ESR instrument; DLQI, dermatology life quality
index score; ESR, erythrocyte sedimentation rate; HAQ, health assessment questionnaire score; PHGA, physician global
assessment; SJC, swollen joint count; TJC, tender joint count; Tregs, regulatory T cells; VAS, visual analog (pain) score.

The effect of IL-2 treatment on CD4* T

lymphocyte numbers

The numbers of anti-inflammatory Tregs in
the PB of patients treated with low-dose IL-2
rose dramatically from 25.5*+13.83 to
77.0£51.26 cells/ul. (Z=3.95, p<0.001)
(Figure 6d, Supplementary Figure S3d). The
absolute numbers of pro-inflammatory Th17
cells increased modestly from 7.7 =6.54 to
16.5£19.39 cells/uL. (Z=2.81, p<0.01) (Figure
6¢, Supplementary Figure S3¢). Thus, the Th17/
Treg ratio tended to decrease, although statisti-
cal significance was not attained (Z=0.82,
p>0.05) (Figure 6f). The levels of Th1 and Th2
cells, and the Th1/Th2 ratio, did not change sig-
nificantly after IL-2 treatment (p > 0.05) (Figure
6a, b, and e; Supplementary Figure S3a and b).

The safety of low-dose IL-2 therapy
Of the 22 PsA patients who received low-dose I1.-2
(0.5 MIU/day for 5days), 1 developed a skin rash at

the injection site on day 4. This healed spontane-
ously within 1week. All blood, liver, and renal func-
tion data were within normal ranges (Figure 7).

Discussion

Previous studies have suggested that increases in
Th17 cells and pro-inflammatory cytokines play
major roles in PsA immunopathology, and that
immunosuppressive therapies are required.%20
However, in patients with various autoimmune
diseases, including PsA, Tregs play vital roles in
immune system homeostasis and the prevention
of autoimmunity development in both mice and
humans.* Tregs (CD4"CD25"Foxp3* T cells)
not only control the immune response, but also
promote tissue homeostasis by suppressing inflam-
mation and aiding tissue repair.?! It is clear that
decreases in the absolute numbers of Tregs, or
dysfunction of such cells, underlie many illnesses,
not only those of the immune system.®12 However,
evidence supporting the suggestion that low Treg
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Figure 5. The changes of disease activities after low-dose IL-2 combination therapies. (a-i) The levels
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ESR (i) decreased significantly after IL-2 treatment, while CRP (c) showed no significant change. Within-
group comparisons were made using the Wilcoxon test before (blue] and after (red) IL-2 therapy. *p <0.05,
***p < 0.001. Asymptotic significances (2-sided tests) were displayed. The significance level was p <0.05.
CRP, C-reactive protein; DAS28-ESR, disease activity score 28-ESR; DLQI, dermatology life quality index score; ESR,
erythrocyte sedimentation rate; HAQ, health assessment questionnaire score; PHGA, physician’s GLobal assessment; SJC,
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numbers play a critical role in PsA development is
lacking.

We found fewer Tregs and more Thl7 cells in
the PB of PsA patients than controls; also, the
absolute number of Tregs was significantly (nega-
tively) correlated with PsA disease activity. The
CD4" T subset numbers (including those of
Tregs) did not differ significantly between new-
onset and treated patients, indicating that the
decrease was associated with the disease per se
rather than the use of glucocorticoids or immuno-
suppressive agents.?? This reduction may be
increased by conventional therapies, especially
immunosuppressive agents, increasing the risks of
malignancy and infection.?3-25

A recent meta-analysis found that the proportion of
Tregs in patients with active SLE was lower than that

in patients in remission, suggesting that SLE activity
is related to a decrease in Treg numbers.?® Similarly,
Miao er al.® showed that a decrease in the absolute
number of circulating CD4*t Tregs, rather than an
increase in either the absolute number or proportion
of Th17 cells, crucially affected the immune disorders
of pSS patients; pSS is also a chronic, autoantigen-
mediated inflammatory disease. Tregs inhibit the pro-
inflammatory activity of macrophages, which are the
principal immune effector cells in patients with TNF-
mediated psoriasis.?” Thus, increasing Treg numbers
may be therapeutically effective in PsA patients.

Although the cause of the decrease in the abso-
lute number of peripheral Tregs in PsA patients
remains unclear, it is possible that a relative
deficiency of IL-2 is in play.?® IL-2, a cell
growth factor, critically regulates the immune
system balance by enhancing the survival and
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Figure 6. Efficacy of short-term and low-dose IL-2 treatment in regulating levels of CD4*T subsets. (a, b, e,
f) Absolute numbers of Th1, Th2 and the ratio of Th1/Th2 and Th17/Treg in PB were no statistical difference
after IL-2 treatment. (c, d) Absolute numbers of Th17 and Treg cells in PB, especially Tregs, were significantly
increased in patients after IL-2 treatment. Within-group comparisons were made using the Wilcoxon test

before (blue) and after (red) IL-2 therapy.

IL-2, interleukin-2; PB, peripheral blood; Tregs, regulatory T cells.
**p < 0.01, ***p < 0.001. Asymptotic significances (2-sided tests) were displayed. The significance level was p <0.05.

proliferation of various types of T cells.?° The
pleiotropic functions of IL-2 depend on the
dose; high-dose IL-2 enhances anti-cancer
immune responses by activating effector T
cells. Low-dose IL-2 increases Treg numbers
and activates the cells; the therapeutic potential
is thus broad.?® IL-2R signaling is required to
control T cell activation, to maintain homeo-
stasis, and to prevent the development of auto-
immunity.?? Tregs express high levels of CD25
(IL-2Ra) and are thus sensitive to low-dose
IL-2; effector T cells are not.

Restoration of IL-2 levels in patients with auto-
immune diseases, thus increasing Treg numbers,

may be therapeutically valuable. Some recent
studies found that low-dose IL-2 alleviated some
autoimmune disease activities by regulating the
balances of lymphocyte subsets,®31:32 which
would be expected to inhibit PsA development.
We found that low-dose IL.-2 not only alleviated
disease activity (the TJC and SJC; and the VAS,
DAS28-ESR, DLQI, HAQ, and PHGA scores)
but also increased the absolute numbers of cer-
tain CD4" T cell subsets, notably Tregs. Of
interest, although Thl7 cell numbers also
increased slightly after IL.-2 treatment, the dis-
ease activity indices decreased significantly, con-
firming that a lack of Tregs, rather than an
increase in Th17 cell numbers, may play an
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Figure 7. Safety outcomes of routine blood count, liver and kidney functions. The levels of white blood cell
(a), hemoglobin (b), platelets (c), lymphocyte (d), alanine aminotransferase (e), aspartate aminotransferase
(), blood urea nitrogen (g), and serum creatinine (h) showed no significant difference before and after IL-2
treatment. Within-group comparisons were made using the paired-samples t test before (blue) and after (red)
IL-2 therapy. Asymptotic significances (2-sided tests) were displayed. The significance level was p<0.05.

IL-2, interleukin-2.

important role in PsA pathogenesis. Low-dose However, we gave IL-2 for only 1week; long-
IL-2 rapidly increases Treg numbers, controlling term evaluation of efficacy and safety is required.
pSS, SLE, RA, and AS disease activities.?%32 We focused principally on a role for low-dose
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IL-2 in terms of enhancing peripheral Treg pro-
liferation and remitting arthritis. However, our
skin and rash clinical data were incomplete; we
could not accurately score the extent of skin
involvement. The lack of skin rash data is an
important limitation; we will follow this clinical
index carefully in future. We are also testing
other methods that may maintain immune sys-
tem competence in the long term; we seek to
induce and reconstitute immune tolerance in
immunodeficient patients.

Conclusion

We found that a decrease in the absolute number
of Tregs, rather than a percentage fall or a higher
level of Th17 cells, played a crucial role in PsA dis-
ease progression. Low-dose IL-2 injections com-
bined with conventional therapies may rapidly
alleviate PsA symptoms. This would not constitute
over-treatment. We recorded no side effects, but
the long-term benefits afforded by such immu-
noregulatory therapy require further clarification.
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