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ABSTRACT

The present study is to measure the expression of programmed death (PD)-1 / programmed death ligand-1
(PD-L1) negative costimulatory molecules, soluble format sPD-1 in patients with immune
thrombocytopenia (ITP), and to investigate their correlation with the secretion of cytokines. A total of 35
patients with ITP were included in the present study. Twenty healthy subjects who received physical
examination at our hospital were included as control group. Peripheral blood was collected from all ITP
patients and healthy subjects. Flow cytometry was performed to determine the percentages of PD-
17CD4™T cells and PD-L17DCs in ITP patients and healthy subjects. Enzyme-linked immunosorbent assay
was performed to measure the concentrations of interferon (IFN)-y, interleukin (IL)-17 and sPD-1 in
peripheral blood from ITP patients and healthy subjects. Percentages of PD-1"CD4*T cells and PD-L11DCs
in peripheral blood from ITP patients before treatment were significantly higher than that from healthy
subjects, but were not different from those after treatment. Serum concentrations of IFN-y, IL-17 and sPD-
1 in ITP patients before treatment were significantly higher than those in healthy subjects, and these
concentrations were significantly reduced after treatment. The concentration of sPD-1 was positively
correlated with the concentration of IFN-y, and negatively correlated with platelet count. Percentages of
PD-17CD4*T cells and PD-L17DCs in ITP patients are higher than those in healthy subjects, but elevated
sPD-1 concentration in the blood blocks PD-1/PD-L1 signaling pathway, leading to unaffected Th cell
function. Elevated concentrations of IFN-y and IL-17 in the blood may participate in the occurrence and
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development of ITP.

Introduction

Primary immune thrombocytopenia (ITP) is a kind of dis-
ease that is mainly characterized by humoral and cellular
immune-mediated platelet destruction, and patients with
ITP lose immune tolerance to platelet antigens." Overactiva-
tion of Thl and Th17 cells is observed in ITP patients, and
cytokines secretion by Thl or Thl7 cells are also
increased.>® Th1 cells can secrete interferon (IFN)-y, which
mediates cytotoxicity responses by promoting the activation
and proliferation of cytotoxic lymphocytes (CTL), natural
killer (NK) cells or macrophages. Th17 cells mainly secrete
interleukin (IL)-17, which stimulates the production of
inflammatory mediators and chemokines by various types
of cells, accumulates neutrophils at inflammatory sites, and
mediates inflammatory reactions. Th17 cells also participate
in the occurrence and development of autoimmune diseases,
such as psoriasis, rheumatoid arthritis and multiple system
sclerosis.*®

Programmed death (PD)-1 belongs to CD28/B7 family and
is an important negative regulator that is mainly expressed on
the surface of activated T cells, B cells, monocytes, NK cells,
dendritic cells (DCs) and Treg cells. PD-1 has 2 ligands, pro-
grammed death ligand-1 (PD-L1) and programmed death
ligand-2 (PD-L2). PD-L1 is widely expressed on activated DCs,
Langerhans cells, islet cells and endothelial cells and plays
important roles in inhibiting inflammation and preventing
autoimmune diseases, while PD-L2 is mainly on macrophages,
DCs or some tumor cells.”'® After PD-1 binds with PD-L1,
tyrosine in immunoreceptor tyrosine-based switch motif region
is phosphorylated, and protein tyrosine phosphatase is
recruited to phosphorylate downstream effector cells, playing
negative regulation effect. It is reported that PD-1/PD-LI sig-
naling pathway plays negative regulation roles in autoimmune
diseases such as glomerular nephritis, autoimmune encephalo-
myelitis, psoriatic arthritis, and Sjogren’s syndrome.'""* In
addition, activation of PD-1/PD-L1 signaling pathway in
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rheumatoid arthritis patients effectively inhibits the prolifera-
tion of Thl and Th17 cells and the secretion of IFN-y and IL-
17 cytokines.'®

sPD-1 is the soluble form of PD-1 that is obtained by phos-
phoric acid hydrolysis of membrane type PD-1. Studies show
that sPD-1 level is elevated in scleroderma and rheumatoid
arthritis patients.'®'” Furthermore, in vitro experiments show
that PD-1Fc promotes the proliferation of Thl and Th17 cells,
which is related with joint damage of mice with collagen-
induced arthritis. Therefore, sPD-1 is believed to block PD-1/
PD-L1 signaling pathway. However, there are few studies on
the role of PD-1/PD-L1 negative costimulatory molecules and
soluble sPD-1 in the pathogenesis of ITP by now. In the present
study, we determine the expression of PD-1/PD-L1 negative
costimulatory molecules and sPD-1 in ITP patients before and
after treatments, and investigate how their expression is related
with the secretion of cytokines by Th1 and Th17 cells.

Materials and methods
Patients

A total of 35 patients with newly diagnosed ITP who
received treatments at Department of Hematology at The
First Affiliated Hospital of Xinjiang Medical University
between January 2015 and June 2016 were included in the
present study. All patients were diagnosed to have ITP
according to the widely used diagnostic standards in
China.'® The white blood cell counts of 33 patients were 4 —
10 x 10°/L, that of one patient was lower than 4 x 10°/L,
and that of one patients was higher than 10 x 10°/L (aver-
age white blood cell count for all patients was 6.2 & 1.9 x
10°/L). The lymphocyte counts of 5 patients were lower than
1 x 10°/L, that of 20 patients were 1 — 2 x 10°/L, that of 9
patients were 2 — 3 x 10°/L, and that of 1 patient was 3 - 4
x 10°/L (average white lymphocyte count for all patients
was 1.6 £ 0.7 x 10°/L). None of the patients received plate-
let transfusion and splenectomy, or treatment with
corticosteroids and gamma globulin within one month
before the study. Twenty healthy subjects who received
physical examination at our hospital were included as con-
trol group (Table 1). Healthy control subjects received no

Table 1. General information of healthy subjects and patients.

Healthy subjects ITP patients P

Total No. 20 35
Median age (year) 1 42 P > 0.05
Gender P > 0.05

Male 8 14

Female 12 21
Platelet count Before After

(1 x 10%0L) 120 + 20" treatment treatment

176 £122° 105+ 69
0-10 0 12 0

10-20 0 10 0
20-30 0 7 0
30-100 0 6 21
> 100 20 0 14

Note: *, data are expressed as means =+ standard deviations.
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treatment, while patients with platelet count < 30 x 10°/L
were given intravenous infusion with 40 mg dexamethasone
for 4 d after blood collection. On the first day after treat-
ment, blood routine examination was performed, and
hormone therapy was considered effective only if platelet
count was equal to or greater than 30 x 10°/L and at least
2 times higher than baseline platelet count.'” Among the 35
ITP patients, 29 patients (platelet count < 30 x 10°/L) were
given dexamethasone shock therapy, and all treatments were
effective. After treatment, the platelet count in 15 patients
was in the range of 30 — 100 x 10°/L, with a mean value of
70.2 £+ 17 x 10°/L. In addition, the platelet count in the
remaining 14 patients was higher than 100 x 10°/L, with a
mean value of 168 & 71 x 10°/L. Before treatment and on
the day after treatment, peripheral blood (5 ml) was
collected from all ITP patients. Peripheral blood (5 ml) was
also collected from all healthy control subjects. All proce-
dures were approved by the Ethics Committee of Xinjiang
Medical University. Written informed consents
obtained from all patients or their families.

were

Flow cytometry

Into a flow cytometric tube (labeled as T tube), 5 ul CD4-
PERCP, PD-1-PE, and CD3-APC mouse anti-human mono-
clonal antibodies (BD Biosciences, Franklin Lakes, NY,
USA) were added. Into another flow cytometric tube
(labeled as DC tube), 5 wl linl-FITC, HLA-DR-PE-cy7,
CD11c¢c-PERC, and PD-L1-PE mouse anti-human monoclo-
nal antibodies (BD Biosciences, Franklin Lakes, NY, USA)
were added. Anticoagulant blood (100 wl) was added into
each of the 2 tubes before thorough mixing, and the 2 tubes
were kept in dark at room temperature for 20 min. Then,
1,000 pl red blood cell lysis buffer (BD Biosciences, Frank-
lin Lakes, NY, USA) was added into each tube. After thor-
ough mixing, the tubes were placed in dark at room
temperature for 10 min for lysis of red blood cells. After
centrifugation at 1,000 rpm for 5 min, the supernatant was
discarded. After resuspension in 2 ml phosphate-buffered
saline (PBS), the samples were centrifuged again at
1,000 rpm for 5 min before discarding supernatant. Then,
the cells were resuspended in 500 ul PBS before flow
cytometry (Ariall; BD Biosciences, Franklin Lakes, NY,
USA). SSC-FSC-CD3"-CD4" was defined as CD4*T lym-
phocytes, and the percentage of PD-1"CD4" T lymphocytes
in all CD4'T lymphocytes was calculated. SSC-FSC-
linl " HLA-DR"-CD11c" was defined as CD11c*DCs, and
the percentage of PD-L1"CD11c¢*DCs in all CD11c*DCs
was determined.

Enzyme-linked immunosorbent assay (ELISA)

Peripheral blood was centrifuged at 2,500 rpm for 10 min
before separating serum. Serum was subjected to ELISA using
sPD-1, IFN-y and IL-17 detection kits (eBioscience, San Diego,
CA, USA) according to the manufacturer’s manuals. First,
50 pl serum and standards were added into 96-well plates, and
then 50 ul biotinylated antibodies were added into each well
before incubation at 37°C for 1 h. After washing the ELISA
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plate for 3 times, 80 ul streptavidin-horseradish peroxidase
were added into each well before incubation at 37°C for
30 min. After washing for 3 times, 50 ul substrate A and 50 ul
substrate B were added before incubation at 37°C in dark for
10 min. Finally, 50 ul stop solution was added and absorbance
was measured at 450 nm. Then, serum concentrations of sPD-
1, IEN-y and IL-17 were calculated. Negative and positive con-
trols were also set in the 96-well plate to ensure the quality of
the tests.

Statistical analysis

The results were analyzed using SPSS17.0 statistical software
(IBM, Armonk, NY, USA). All data were expressed as means £
standard deviations. Differences between groups of measure-
ment data were analyzed using independent t-test. Correlation
test was performed using Pearson correlation analysis. Differ-
ences with P < 0.05 were considered statistically significant.

Results

Treatment against ITP cannot alter the percentage
of PD-11CD4™" T cells or PD-L1"DCs in ITP patients

To examine the percentages of PD-1"CD4™T cells and PD-
L1"DCs, flow cytometry was performed. The data showed that
the percentage of PD-1"CD4™T cells in peripheral blood from
ITP patients was significantly higher than that from healthy

subjects (P < 0.05) (Fig. 1A and B). In addition, the percentage
of PD-L1*DCs in peripheral blood from ITP patients was also
significantly higher than that from healthy subjects (P < 0.05)
(Fig. 1C and D). Of note, the percentages of PD-1"CD4™" T cells
and PD-L17DCs after treatment were not significantly different
from those before treatment, respectively (Fig. 1A-D). The
results suggest that treatment against ITP cannot alter the per-
centage of PD-1"CD4 T cells or PD-L17DCs in ITP patients.

Percentage of PD-1"CD4™ T cells in ITP patients
is correlated with platelet count, and treatment of ITP
decreases IFN-y and IL-17 concentrations in the blood

To test how the secretion of cytokines, ELISA was used to
determine the serum levels of IFN-y and IL-17. The data
showed that serum concentrations of IFN-y and IL-17 in ITP
patients before treatment were significantly higher than those
in healthy subjects, respectively (P < 0.05) (Fig. 2A and B).
Moreover, serum concentrations of IFN-y and IL-17 in ITP
patients after treatment were significantly lower than those in
ITP patients before treatment, respectively (P < 0.05), but were
not different from those in healthy subjects (Fig. 2A and B).
Correlation analysis showed that the percentage of PD-
1"CD4™T cells was not correlated with serum concentrations
of IFN-y or IL-17 (Fig. 2C and D), but was negatively corre-
lated with platelet count in ITP patients before treatment
(r = —0.508, P < 0.05) (Fig. 2E). The results indicate that the
percentage of PD-1"CD4™T cells in ITP patients is correlated
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Figure 1. Percentages of PD-17CD4T cells and PD-L1*DCs in peripheral blood from ITP patients before and after treatment. Fresh anticoagulant blood was collected
from ITP patients and healthy subjects, and subjected to flow cytometry. (A) Flow cytometry of CD4™1T lymphocytes and (B) percentage of PD-17CD4 T cells in all CD4™T
cells. *, P < 0.05. (C) Flow cytometry of CD11¢™DCs and (D) percentage of PD-L1*DCs in all CD11¢™DCs. For T cell tests, 5 ul CD4-PERCP, CD3-APC and 5 1l IgG-PE were
added, and coordinates of isotype control tubes were used to determine cutoff. When examining DC cells, 5 ul lin1-FITC, HLA-DR-PE-cy7, CD11¢-PERC, and IgG-PE were
added, and coordinates of isotype control tubes were used to determine cutoff. *, P < 0.05.
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Figure 2. Serum concentrations of IFN-y and IL-17 and their correlation with the percentage of PD-17CD4™(T)cells. (A-B) Serum concentrations of (A) IFN-y and (B) IL-17
in healthy subjects and ITP patients before and after treatment. Peripheral blood was collected from all patients and healthy subjects and subjected to ELISA assay.
*, P < 0.05. (C-E) Correlation analysis of (C) IFN-y concentration, (D) IL-17 concentration and (E) platelet count with the percentage of PD-1"CD4*T cells in ITP patients

before treatment. Correlation was analyzed using Pearson correlation analysis.

with platelet count, and treatment of ITP decreases IFN-y and
IL-17 concentrations in the blood.

Serum concentration of sPD-1 in ITP patients

is correlated with IFN-y concentration and platelet count,
and treatment of ITP reduces sPD-1 concentration

in the blood

To measure the secretion of sPD-1 by ITP patients, ELISA was
performed. The data showed that serum concentration of sPD-
1 in ITP patients before treatment was significantly higher than
that in healthy subjects (P < 0.05). After treatment, serum con-
centration of sPD-1 in ITP patients was significantly reduced
compared with that before treatment (P < 0.05), but was not
different from that in healthy subjects (Fig. 3A). Correlation
analysis showed that serum concentration of sPD-1 before

treatment was positively correlated with serum concentration
of IFN-y (r = 0.516, P < 0.05) (Fig. 3B), but was negatively
correlated with platelet count (r = —0.562, P < 0.05) (Fig. 3C).
The results suggest that serum concentration of sPD-1 in ITP
patients is correlated with IFN-y concentration and platelet
count, and treatment of ITP reduces sPD-1 concentration in
the blood.

Discussion

ITP is an autoimmune disease caused by immune imbalance of
the body, and its immune mechanisms are diverse and com-
plex. Abnormal proportion of Th cell subsets and imbalance of
cytokines are involved in the pathogenesis ITP. PD-1/PD-L1
signaling pathway plays an important role in the regulation of
immune balance and the maintenance of peripheral immune
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Figure 3. Serum concentration of sPD-1 and its correlation with IFN-y concentration and platelet count. (A) Serum concentrations of sPD-1 in healthy subjects and ITP
patients before and after treatment. Peripheral blood was collected from all patients and healthy subjects and subjected to ELISA assay. *, P < 0.05. (B-C) Correlation anal-
ysis of (B) IFN-y concentration or (C) platelet count with serum concentration of sPD-1 in ITP patients before treatment. Correlation was analyzed using Pearson

correlation analysis.

tolerance. Activation of PD-1/PD-L1 signaling pathway inhibits
the proliferation of T cells and the production of cytokines. For
example, knockout of PD-1 gene aggravates the symptoms of
lupus nephritis in C57BL/6 mice.”* In addition, PD-1"'~ mice
develop more severe collagen-induced arthritis than normal
mice.”’ The present study shows that the percentages of PD-
17CD4™T cells and PD-L1"DCs are enhanced in ITP patients,
being consistent with previous reports.*"**

Our data also show that serum concentrations of IFN-y and
IL-17 in ITP patients are higher than healthy subjects, being
consistent with previous findings.>” These data suggest that the
secretion of cytokines that are related with Thl and Th17 cells
is increased. Similarly, Dolff et al. report that the percentage of
PD-17CD4*T cells and the level of serum IFN-y in patients
with systemic lupus erythematosus are both enhanced and pos-
itively correlated with each other, suggesting that elevated IFN-
y level may lead to the upregulation of PD-1 expression.”
Amalia et al. find that increased percentage of PD-1"CD4"T
cells is positively correlated with DAS-28 disease activity score
in rheumatoid arthritis patients, suggesting that sustained anti-
gen stimulation may lead to increased expression of PD-1.%!
Our data in the present study show that the percentage of PD-
17CD4™T cells is not correlated with serum levels of IFN-y or
IL-17, but further analysis show that the percentage of PD-
1"CDA4™T cells is negatively correlated with platelet count,

suggesting that the amount of activated CD4 T cells (given that
PD-1 is a marker of activation) inversely correlates with platelet
counts.

The present study shows that increased percentages of PD-
1"CD4™T cells and PD-L1*DCs fail to inhibit the activation
and proliferation of T cells. However, the only piece of data
looking at this subset of DCs looks at their percentages in
healthy as well as ITP patients. There are no functional assays
such as inhibition or proliferation assays that interrogate this
matter directly. It is also reported that sPD-1 blocks the regula-
tion of T cells by PD-1/PD-L1 signaling pathway. For example,
the concentrations of sPD-1 in serum and synovial fluid from
patients with rheumatoid arthritis are significantly higher than
those in normal subjects, and are positively correlated with
rheumatoid factors.'”” Animal experiments show that IFN-y
mRNA and IL-17 mRNA expression in mice treated with PD-
1Fc is enhanced than that before treatment, suggesting that
sPD-1 blocks PD-1/PD-L1 pathway.'” Similarly, another study
shows that high expression of PD-1 and PD-L1 coexists with
sustained activation of autoreactive T cells, suggesting that
sPD-1 suppresses functions of PD-1/PD-L1 signaling path-
way.”> The present study demonstrates that serum concentra-
tion of sPD-1 in ITP patients before treatment is higher than
that in healthy subjects, and positively correlated with IFN-y
level but negatively correlated with platelet count. After



treatment, serum concentrations of sPD-1, IFN-y and IL-17 are
reduced compared with those before treatment, suggesting that
sPD-1 is correlated with ITP disease activity. Therefore, we
believe that elevated sPD-1 level in patients blocks PD-1/PD-
L1 signaling pathway, leading to imbalance of immune regula-
tion. After treatment, sPD-1 level is decreased and the
regulation by PD-1/PD-L1 signaling pathway is restored, lead-
ing to regulated immune imbalance, reduced concentrations of
IFN-y and IL-17, and decreased damage of platelets. Birtas Ate-
soglu et al. report that serum sPD-1 levels of patients with
newly diagnosed ITP or recurrent ITP are reduced than healthy
subjects, and these levels are not altered before and after immu-
notherapy, before and after splenectomy, or before and after the
disease is alleviated.™* These researchers believe that sPD-1
levels in ITP patients can be used as a predictor for the recur-
rence of ITP. In the meantime, sPD-L1 levels in newly diag-
nosed ITP patients are lower than those in patients with
recurrent ITP, suggesting that reduced sPD-L1 level may affect
the function of PD-1/PD-L1 signaling pathway and cause T cell
apoptosis, finally leading to ITP.** However, these authors have
only studied the serum levels of PD-1/PD-L1 but not the
expression of PD-1/PD-L1 on cell membrane in the patients.
This may be the reason why the observations made in the pres-
ent study are contrasting to the mentioned report by Birtas
Atesoglu et al. Therefore, their results cannot show the function
of PD-1/PD-L1 signaling pathway, or explain the abnormal
immune regulation in ITP patients. In conclusion, the present
study demonstrates that the percentages of PD-1+CD4+T cells
and PD-L1+DCs are increased in ITP patients, but their serum
concentration of sPD-1 is also elevated. Increased sPD-1 level
may block PD-1/PD-L1 signaling pathway, leading to uninhib-
ited Th cell function. As a result, elevated serum concentrations
of IFN-y and IL-17 may participate in the occurrence and
development of ITP. Serum level of sPD-1 is reduced in
patients who respond well to treatments, and negative regula-
tion of PD-1/PD-L1 signaling pathway is improved.
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