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Abstract

Objective: Immune thrombocytopenia (ITP) is well-known as an antibody-mediated
autoimmune disease, and it is easy to get response but often turns to relapse or re-
fractory. Cyclosporin is a traditional immunosuppressant and had a good effect on ITP
patients. In this paper, we retrospectively analyze the immunological characteristics
and therapeutic effect of cyclosporin in 220 patients with ITP.

Methods: All newly diagnosed ITP patients in the Department of Hematology, Tianjin
Medical University General Hospital from June 2018 to December 2020 were en-
rolled and divided into four groups according to the expression of autoantibodies and
the occurrence of prodromal infection. The basic data and immune indexes of ITP
patients in each group were collected. The clinical immunological characteristics of
patients in each group and the therapeutic effect of cyclosporin in each group were
analyzed.

Results: Multi-autoantibody ITP patients were more likely to have low serum albu-
min and high gamma globulin, and the ratio of albumin to globulin decreased. In ad-
dition, the level of IgA and IgG increased and the level of complement C3 and C4
decreased more frequently than those in other groups. The number of CD3+T lym-
phocytes, especially CD3+CD4+T lymphocytes, decreased in ANA+ITP patients. The
number of CD16+CD56+NK cells, pDC/DC ratio, and pDC/mDC ratio were higher
than those in other groups. The expression of IL-6 and the proportion of CD19+B
lymphocytes increased in two groups of ITP patients with abnormal autoantibodies.
The patients of pro-infected group were more likely to suffer from coagulation disor-
der. After treatment with cyclosporin, the response rate increased and the 3-month
relapse rate decreased in all ITP patients, and the therapeutic effect of patients with
high megakaryocyte number was significantly higher than that of patients with low
megakaryocyte number. The impact factors that influence the effect of glucocorticoid
and(or) IVIG were the number of CD3+CD8+T lymphocytes, CD4/CDS8 cell ratio, and
the number of CD19+B lymphocytes. The independent impact factor of cyclosporin

therapeutic response rate was the number of CD3+T lymphocytes.

*Ting Wang and Xin He are the co-first authors of the article.
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1 | INTRODUCTION

Immune thrombocytopenia(ITP) is an autoimmune hemorrhagic
disease characterized by platelet destruction and(or) insufficient
platelet production leading to skin and(or) mucous membrane, nose
and(or) gum hemorrhage, even vital organs hemorrhage. The spe-
cific etiology of ITP is not very clear, among which genetic, drug,
infection, oxidative stress, and abnormal immune regulation play
an important role in the pathogenesis.! In humoral immunity of ITP
patients, platelet-specific glycoprotein antibody not only mediates
platelet destruction through mononuclear macrophage system, but
also inhibits the proliferation and maturation of megakaryocytes.
Th2 cells in CD4+T lymphocytes can activate B lymphocytes and
promote the production of antibodies. In cellular immunity of ITP
patients, CD8+T cells can directly dissolve platelets and inhibit the
production of platelet of megakaryocytes. Th17 cells play an equally
important role in immune regulation as Th1l cells in CD4+T lym-
phocytes by activating MAP kinase and NF-xB pathway.? DCs can
directly promote the proliferation and differentiation of B lympho-
cytes and play an important role in antigen presentation; moreover,
DC in ITP patients can regulate the activation of T lymphocytes
through cytokines IL-6 and IL-12. In addition, NK cells can also mod-
ulate cellular immunity in ITP patients.a'4

In terms of drug therapy, glucocorticoid and intravenous immu-
noglobulin (IVIG) have been used as the first-line treatment for ITP
patients for long time. Thrombopoietin receptor agonists (TPO-RA)
and Rituximab are used as second-line treatment, especially
Rituximab can inhibit the function of B lymphocytes secreting anti-
bodies. Cyclosporin is a traditional but potent immunosuppressant,
which can act on both humoral and cellular immunity.® Studies found
that cyclosporin mainly inhibits T helper (Th) cells proliferation and
differentiation, thus indirectly regulates the activity of B lympho-
cytes. In addition, cyclosporin can also inhibit the production and
release of IL-2 by Th1 cells, reduce the reactivity of IL-2, and further
affect the differentiation of B lymphocytes.®

The clinical manifestations of ITP patients were heterogeneous.
Some ITP patients have one or more kinds of autoantibodies, which
are not enough to definitely diagnose any autoimmune disease.
Meanwhile, other ITP patients are with detectable or undetectable
bacterial or viral prodromal infections. However, the differences in
clinical characteristics and immune indicators of patients with var-

ious types of ITP are currently not clear. In terms of therapeutic

Conclusions: ITP is a heterogeneous disease, recurrence may occur during or rapidly
after treatment.Cyclosporine included treatment can improve the effective rate of
ITP andreduce the relapse rate within 3 months. The number of CD3+T lymphocytes

wasthe only impact factor that influence the therapeutic effect ofcyclosporin in ITP

antinuclear antibodies, CD3+T lymphocytes, cyclosporin, immune cell subsets, immune

effect, our clinical work found that some patients responded well
to glucocorticoid and(or) IVIG, others had good response to cyclo-
sporin, and recurrence rate is low. Therefore, in this study, 220 ITP
patients were classified into four groups according to autoantibodies
detection and prodromal infection. The immunological characteris-
tics, therapeutic effects in each group of ITP patients, were further
compared in our research.

2 | MATERIALS AND METHODS

2.1 | General information of patients

All ITP patients hospitalized at the Department of Hematology,
Tianjin Medical University General Hospital, China, from June 2018
to December 2020 were enrolled. The criteria for the specific inclu-
sion were as follows: (DAdult patients with newly diagnosed ITP in
our hospital, and the age of the patients was more than 18 years.
@)n line with the 2019 ITP international consensus diagnostic crite-
ria’: platelet count<100 x 107/L at least two times, and there were
different degrees of hemorrhage. (3)There was no obvious abnor-
mality in liver and kidney function. ®The research program was
approved by the Ethics Committee of Tianjin Medical University
General Hospital. All patients were informed and signed informed
consent. The criteria for the exclusion were as follows: (Dadoles-
cent ITP patients with age<18 years; (2)patients diagnosed with
Myelodysplastic syndrome, Evans syndrome, and other similar dis-
eases; (retreated ITP patients who had been diagnosed before
treatment in our hospital. The age, gender, and other general infor-
mation of all ITP patients were statistically analyzed.

2.2 | Grouping for ITP patients

All eligible ITP patients were divided into four groups according to
whether their autoantibodies were positive and whether they were
complicated with prodromal infection: General ITP patients (ITP),
ITP patients with positive antinuclear antibody (ANA+ITP), ITP pa-
tients with multiple autoantibody abnormalities (Multi-autoantibody
ITP), and ITP patients with prodromal infection (Pro-infected ITP).
(DPatients with general ITP were defined as follows: 13 kinds of au-
toantibodies detected by the clinical laboratory in our hospital were
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TABLE 1 Basic clinical data of ITP
patients

Total ITP patients

ITP
ANA+ITP

Multi-autoantibody
ITP

Pro-infected ITP

all negative, and there were no patients complicated with bacterial
or viral prodromal infection. @The ANA+ITP patients were as fol-
lows: among the 13 kinds of autoantibodies detected by the clinical
laboratory in our hospital, only antinuclear antibody was positive,
while the other 12 antibodies were all negative, and there were no
ITP patients complicated with bacterial or viral prodromal infection.
(®The definition of Multi-autoantibody ITP was that among the 13
kinds of autoantibodies detected by the clinical laboratory in our
hospital, there were one or more kinds of positive autoantibodies
besides antinuclear antibody, and there were no patients compli-
cated with bacterial or viral prodromal infection. (4)The definition
for Pro-infected ITP patients was those ITP patients who were nega-
tive for 13 autoantibodies detected by the clinical laboratory, but
complicated with bacterial or viral prodromal infection.

2.3 | Collection of basic laboratory indexes and
immune-related indexes

(MThe clinical data included detailed medical history, clinical manifes-
tations, and drug therapy. (2)Blood routine and coagulation indexes
were detected by the clinical laboratory. (3)The number of bone mar-
row megakaryocytes was detected by morphology Laboratory of
Hematology Department in our hospital. (4)13 kinds of autoantibod-
ies were detected in the clinical laboratory in our hospital, includ-
ing: antinuclear antibody, anti-dsDNA antibody, anti-nRNP antibody,
anti-Sm antibody, anti-SSA antibody, anti-SSB antibody, anti-Ro-52
antibody, anti-Jo-1 antibody, anti-sc1-70 antibody, anti-centromere
B antibody, anti-nucleosome antibody, anti-histone antibody, and
anti-ribosomal P protein antibody. (5)The immune indexes detected
by the clinical laboratory were IgA, IgE, I1gG, IgM, C3, and C4 etc.
(®The indexes of immune cells were detected by flow cytometry in
Department of Hematology in our hospital: peripheral blood T lym-
phocyte subsets, peripheral blood B lymphocyte subsets, peripheral
blood NK cell, and DC subsets. (7)The indexes of lymphokines were
detected by flow cytometry in Department of Hematology in our
hospital: peripheral blood Th1, Th2, and Th17 cytokines.

2.4 | Treatment and follow-up

All ITP patients were treated according to the international con-
sensus of ITP in 2019: Glucocorticoids included conventional dose

WILEY- 2™

Number of people  Sex ratio Platelet count

(proportion of all) (male/female) Age (years) (100-300)

220 1:1.89 55.6(18-88) 43.20 + 28.68
(76/144)

64 (29.09%) 1:1.21 (29/35) 54.3(18-88) 46.14 + 30.54

50 (22.73%) 1:1.63(19/31) 57.9 (23-87) 41.98 + 26.85

87 (39.55%) 1:3.35 (20/67) 56.3(18-86) 42.83 +29.54

19 (8.64%) 1:1.38(8/11) 51 (18-76) 38.21 + 20.80

of Prednisone (1 mg/kg for 2 weeks, to a maximum of 3 weeks)
or high-dose Dexamethasone (40 mg/day for 4 days, repeated
up to three times) and IVIG (0.4 g/kg/day x 5 day or 1.0 g/kg/
day x 1-2 days) were given as the first-line treatment. TPO-RA,
CD20 antibody, cyclosporin (3-5 mg/kg/day), and cyclophos-
phamide were used in relapse or refractory patients. All patients
were followed up for at least 6 months to observe their thera-
peutic effect and recurrence. The efficacy criteria are as follows:
(MComplete response (CR), PLT 2100 x 10%/L after treatment,
without hemorrhage. @)Partial response (PR), PLT =30x10%/L
after treatment, and platelet count increased two times com-
pared with basic value, without hemorrhage. 3)No response (NR):
PLT<30 x 107/L after treatment, or platelet count increased less
than two times of the basic value after treatment, or hemorrhage
occurred. (4)Recurrence: After effective treatment, PLT decreased
to <30 x 10%/L or PLT decreased to less than half of the basic

value, or hemorrhage occurred.

2.5 | Statistical analysis

SPSS 24.0 statistical software was used for data analysis. The meas-
urement data were expressed in (X + s). Two independent samples t
test was used to compare the two groups when normally distributed.
Multiple groups of data were compared by one-way ANOVA, and
LSD t test was used for pairwise comparison if there was statistical
significance in multiple groups of data. The enumeration data were
expressed in case number and rate, and chi-square test was used for
comparison between groups. Multivariate analysis was performed
by Logistic regression analysis. All p values were two-sided, and
those p<0.05 were considered statistically significant.

3 | RESULTS

3.1 | Basicclinical data of ITP patients

A retrospective analysis of 220 ITP patients was performed.
Among them, there were 64 cases in general ITP group, 50 cases in
ANA+ITP group, 87 cases in Multi-autoantibody ITP group, and 19
cases in Pro-infected ITP group. The proportion of females in all sub-
groups was higher than that of males; in particular, the proportion of
female patients in Multi-autoantibody ITP patients was the highest,
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significantly higher than the proportion of female patients in general
ITP patients (p = 0.004). The mean platelet count in four groups was
all lower than the basic value, but no significant difference among
each group. There was no significant difference in drug therapy
among the groups. The specific basic information, autoantibodies,
and drug therapy are shown in Tables 1-3. And the autoantibody's

ratios are shown in Figure 1.

3.2 | Analysis of coagulation factors in ITP patients
Compared with the general ITP group, the number of Prothrombin
time (p = 0.005), International normalized ratio of prothrombin time
(p =0.004), and Thrombin time (p = 0.047) in Pro-infected ITP group
were higher, and the level of Fibrinogen (p = 0.038) was lower. See
Table 4 for details.

3.3 | Comparison of immune-related indexes in
ITP patients

Level of albumin(ALB) (p = 0.000), the ratio of Albumin/globulin
(p=0.000), level of Complement C3 (p =0.007),and Complement C4
(p = 0.003) were decreased in Multi-autoantibody ITP group when
comparing with general ITP group. The quantity of Gamma globulin
(p = 0.000), Immunoglobulin A (p = 0.017), and Immunoglobulin G
(p = 0.000) were significantly high in Multi-autoantibody ITP group.
As shown in Table 5.

3.4 | TandB lymphocyte subsets detected by flow
cytometry in ITP patients

In terms of T lymphocyte subsets, the proportion of CD3+T lympho-
cytes (p = 0.000) and CD3+CD4+T lymphocytes (p = 0.001) was ex-
tremely decreased in ANA+ITP patients than in general ITP patients.
In terms of B lymphocyte subsets, the proportion of CD19+B lym-
phocytes in ANA+ITP patients (p = 0.047) and Multi-autoantibody
ITP patients (p = 0.008) was super higher than in general ITP group.
See Table 6 for details. However, there was no significant difference
in CD8+T lymphocytes and CD5+CD19+B lymphocytes among all
these four groups.

3.5 | Lymphokine indexes of Th1/Th2/Th17
detected by flow cytometry in ITP patients

IL-2, TNF-a, and IFN-y are mainly secreted by Th1 cells; IL-4, IL-6,
and IL-10 are mainly secreted by Th2 cells; and IL-17 is mainly se-
creted by Th17 cells.

Our data in Table 7 show that the level of IL-6 in ANA+ITP
patients (p = 0.037) and the Multi-autoantibody ITP patients
(p = 0.046) were increased compared with the general ITP group,
and there was no significant difference in other lymphokine indexes.

3.6 | NKcells and DC subsets detected by flow
cytometry in ITP patients

NK cells were labeled with CD16+CD56+, and we used
CD16+CD56+ double positive to detect NK cells. Compared with
the general ITP group, the proportion of CD16+CD56+NK cells
in ANA+ITP patients was increased (p = 0.019). DCs can be di-
vided into pDC and mDC according to its source and function.
Moreover, the mDC in DCs can be further divided into CD11c-
mDC and CD16-mDC, and CD11c-mDC is composed of mDC1 and
mDC2. Compared with the general ITP group, the proportions of
pDC, no matter pDC/DC (p = 0.012), or pDC/mDC (p = 0.025) in
ANA+ITP group were both significantly increased. As shown in
Table 8.

3.7 | Therapeutic effect of cyclosporin in
ITP patients

The therapeutic effect and recurrence of total ITP patients and ITP
patients in each group after treatment with cyclosporin are shown
in Tables 9 and 10. Compared with ITP patients treated with gluco-
corticoid and(or) IVIG only, the therapeutic response rate of all ITP
patients after treatment with cyclosporin was higher (p = 0.004),
and the recurrence rate within 3 months was lower (p = 0.048).
There was a statistically significant increase in therapeutic re-
sponse rate between the ANA+ITP group (p = 0.017) and the Pro-
infected ITP group (p = 0.004) after treatment with cyclosporin
compared with the ITP patients treated with glucocorticoid and(or)
IVIG only.

TABLE 2 The autoantibodies of all ITP

Antinuclear antibody 73.85% Anti-dsDNA antibody 3.61% .
Anti-nRNP antibody 4.64% Anti-Sm antibody 2.58% patients
Anti-SSA antibody 14.95% Anti-SSB antibody 1.55%

Anti-Ro-52 antibody 25.26% Anti-Jo-1 antibody 0.52%

Anti-sc1-70 antibody 0.52% Anti-centromere B antibody 3.61%
Anti-nucleosome antibody 6.19% Anti-histone antibody 5.67%

Anti-ribosomal P protein antibody 4.12%
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TABLE 3 Drugtherapyinall ITP

atients ITP ANA+ITP Multi-autoantibody Pro-infected
P (n=64) (n=50) ITP (n = 87) ITP (n = 19)
Glucocorticoid 70.31% 64.00% 81.61% 78.95%
IVIG 28.13% 18.00% 44.83% 52.63%
Platelet transfusion 18.75% 24.00% 18.39% 31.58%
TPO 4.69% 6.25% 9.20% 15.79%
Eltrombopag 25.56% 14.00% 25.29% 36.84%
Cyclosporin 15.63% 22.00% 24.14% 21.05%
Cyclophosphamide 0 0 2.30% 0
Rituximab 1.56% 2.00% 5.75% 0
IL-11 3.13% 0 1.15% 10.53%
FIGURE 1 This figure shows the 0.8
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TABLE 4 Coagulation indexes in each group
Multi-autoantibody ITP Pro-infected ITP
ITP (n = 64) ANA-HITP (n = 50) (n=87) (n=19)
Prothrombin time 11.32 £ 1.29 1145+ 1.44 11.35+ 1.07 12.85 + 3.49°
International standardized ratio of 1.03 +0.11 1.05 + 0.13 1.04 + 0.10 1.17 +0.31
prothrombin time
Activated partial thromboplastin time 29.96 + 6.88 31.23 +7.04 31.51 +10.10 31.65 +4.85
Fibrinogen 3.01+0.73 2.88 +0.53 2.96 +0.66 2.59 +0.80°
Thrombin time 19.90 + 2.61 20.76 + 2.85 20.81 + 2.29 21.39 +3.35
Plasma D-dimer 836.22 + 922.79 634.6 + 714.87 860.40 + 848.81 449.95 + 556.37
*p < 0.05.
3.8 | Therapeutic effect of cyclosporin in patients <50 megakaryocytes (p = 0.025). The results are shown in Tables

with different numbers of megakaryocytes

In this study, according to the number of megakaryocytes in bone
marrow, ITP patients were divided into three groups: 0-50, 50-200,
and more than 200 megakaryocytes. There was no significant dif-
ference in response rate by glucocorticoid and(or) IVIG among these
three groups. In patients treated with cyclosporin, the therapeutic
effect of patients with more than 200 megakaryocytes was rela-
tively higher (p = 0.005), when compared with the patients having

11 and 12.

3.9 | Independent and final impact factors in
treatment of ITP patients

As shown in Table 13, CD3+CD8+T cells, CD3+CD4+T cells,
CD16+CD56+NK cells, CD4/CD8 ratio, and CD19+B cells were the
independent impact factors that influence the recurrence of patients
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TABLE 5 The levels of immune-related indexes in each group

ITP (n = 64) ANA+ITP (n = 50)
ALB 59.04 + 3.45 58.02 +3.74
Gamma globulin 16.84 + 2.88 18.58 + 3.46
Albumin/globulin 146 +0.21 14+0.2
Immunoglobulin A 221.71 + 105.12 261.96 + 111.57
Immunoglobulin G 1216.88 + 288.41 1333.48 + 331.41
Immunoglobulin M 114.20 + 53.73 115.45 + 55.09
Complement C3 88.44 + 16.60 85.70 + 16.66
Complement C4 22.92 + 6.08 20.07 + 6.65

Multi-autoantibody ITP
(n=87)

53.38 £ 5.79"

22.43 + 6.84°

1.18 £ 0.25

277.00 + 127.21°
1667.59 + 625.84°
127.61 + 69.03

78.06 + 21.42"

17.56 + 10.84°

Pro-infected ITP
(n=19)

58.09 + 6.39
19.34 + 7.27

1.44 +0.38
236.68 + 133.08
1356.89 + 534.78
183.34 + 117.72'
76.52 £21.16'
14.83 + 7.06’

*p < 0.05.

TABLE 6 T and B lymphocyte subsets in each group

Multi-autoantibody ITP Pro-infected

ITP (n = 64) ANAITP (n = 50) (n=87) ITP (n=19)
CD3+ 73.58 +7.34 63.96 +15.23' 70.53 + 10.66 71.34 +10.29
CD3+CD8+ 27.4 + 10.63 2791 +11.49 26.84 +10.43 26.24 + 10.59
CD3+CD4+ 4433 +991 37.18 +10.32' 42.17 +11.06 42.11 +10.05
CD3+CD4+CD8+ 0.83 +2.08 0.48 +0.57 0.49 +0.53 0.44 +0.47
CD4/CD8 201+1.21 1.64+0.9 2.00+1.56 1.95+0.94
CD19+ 13.07 + 5.34 16.04 + 8.21° 17.13 +9.30° 15.79 + 8.29
CD5+CD19+/CD19+ 22.06 +20.43 23.08 + 16.95 17.43 + 15.03 17.67 + 11.04

*p < 0.05.

who were treated with glucocorticoid and (or) IVIG by single-factor
analysis. The impact factors that influence the effect of glucocorti-
coid and(or) IVIG were the number of CD3+CD8+T lymphocytes,
CD4/CD8 cell ratio, and the number of CD19+B lymphocytes. As
shown in Table 14, the number of megakaryocytes and CD3+T cells
will influence cyclosporin effect by single-factor analysis. The inde-
pendent impact factor of cyclosporin therapeutic response rate was
the number of CD3+T lymphocytes.

4 | DISCUSSION

ITP is a common hemorrhagic disease characterized by low platelets
in peripheral blood. Bone marrow pathology shows that normal or
increased number of bone marrow megakaryocytes are accompa-
nied by bone marrow megakaryocyte development and maturation
disorders. ITP is clinically based on exclusion diagnosis, and the com-
mon causes of ITP are increased platelet destruction or inadequate
platelet production mediated by humoral and cellular immunity.®
In terms of aberrant cellular immune regulation, they specifically
include the imbalance of Th1/Th2 cells, the abnormal differentia-
tion of Th17 and Treg cells, and the secretion disorder of related
cytokines. Moreover, DCs can accelerate the activation of B lympho-
cytes to produce antiplatelet antibodies, and even further activate
CD8+T lymphocytes and NK cells.? Therefore, the current treatment
for ITP patients is mainly immune regulation and inhibition of the

autoantibodies formation. In this paper, clinical multi-factor indica-
tors were used to predict the efficacy of different drugs, especially
the immunosuppressive agent cyclosporin in ITP patients.

This study included 220 patients. All the patients were divided
into four groups according to the expression of autoantibodies and
prodromal infection: general ITP group, ANA+ITP group, Multi-
autoantibody ITP group, and Pro-infected ITP group. Some studies
have found that ITP patients can be accompanied by some autoan-
tibodies such as antinuclear antibodies. But all these patients with
autoantibodies could not be diagnosis by a definite autoimmune
disease. Especially, ITP patients with single antinuclear antibody
positive should be followed up to guard against the final progress
of rheumatoid arthritis, systemic lupus erythematosus, thyroid dis-
eases, or autoimmune liver diseases etc.!® In all ITP patients included
in this study, the positive rate of total antinuclear antibodies was the
highest, exceeding 70%. Anti-RO-52 antibody and anti-SSA antibody
are typical autoantibodies in the occurrence of Sjogren's syndrome.
This study found that the positive rates of anti-RO-52 antibody and
anti-SSA antibody ranked after the positive rates of antinuclear an-
tibodies, and the expressions of anti-RO-52 antibody and anti-SSA
antibody were relatively high compared with other autoantibodies.™
In our study, patients in ANA+ITP group and Multi-autoantibody ITP
group have not reached the diagnostic level of other autoimmune
diseases, so patients in ANA+ITP group and Multi-autoantibody ITP
group have certain particularities compared with the general ITP
group.



WANG ET AL.

TABLE 7 Analysis of cytokines of Thl/
Th2/Th17 in each group
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ITP (n = 64)
IL-2 3.50 + 3.82
IL-4 3.87 +£3.42
IL-6 4.57 +4.09
IL-10 5.08 + 5.09
TNF-a 3.10+2.28
IFN-y 4.88 + 5.80
IL-17 8.27 +12.59

*p < 0.05.

ANA+ITP Multi-autoantibody Pro-infected
(n=50) ITP (n = 87) ITP (n=19)
4.51 +2.01 5.47 +10.44 3.38 +1.09
5.51 +2.53 5.59 + 6.14 518 + 2.4
9.03 +10.28 7.50 +7.37° 5.82 +3.25
6.36 + 10.19 441+291 18.88 + 45.37
4.01+243 392 +4.64 3.60 + 1.47
4.51 +2.60 5.85 + 9.26 7.38 +7.44
6.08 + 7.67 1.64 +1.95 2.48 +2.47

TABLE 8 NKcellsand DC subsets in each group

ITP (n = 64) ANAHITP (n = 50)
CD16+CD56+ 13.04 + 5.58 17.39 + 10.82°
DC/PBMMNC 0.97 + 1.07 0.61 +0.43
pDC/DC 8.34 + 5.69 2297 +18.18
mDC/DC 65.34 + 19.41 63.29 + 18.60
pDC/mDC 0.14 + 0.09 0.44 +0.43
CD16+mDC/mDC 37.21 + 34.66 30.88 + 27.78
mDC1/mDC 50.98 + 32.60 62.26 + 27.80
mDC2/mDC 1.9 + 1.68 3.39 +£2.30
*p < 0.05.

TABLE 9 Therapeutic effect with or without cyclosporin in all ITP patients

Multi-autoantibody ITP (n = 87)

12.13 + 8.47
0.52 + 0.42
12,96 + 18.71
61.19 + 27.42
0.61 +1.83
33.86 + 32.72
51.24 + 37.29
3.71 £ 6.29

Pro-infected ITP (n = 19)

12.59 +5.19
0.8+0.70
8.64 +3.37
53.18 + 27.54
0.19 +0.14
33.51 +28.33
58.1+28.33
22+1.78

In this study, we found that compared with the general ITP group,
many coagulation indexes of pro-infected ITP patients were abnor-
mal, including prothrombin time, International standardized ratio of

CR+PR Recurrence rate Recurrence rate Incidence of infection
CR PR (ORR) within 3 months within 6 months during treatment
Cyclosporin (n = 46) 54.35% 23.91% 78.26% 4% 16% 6.52%
Glucocorticoid or Vg~ 49.19% 4.84% 54.03% 21.31% 31.15% 13.71%
only (n = 124)
p Value 0.550 0.000 0.004 0.048 0.150 0.196
*p < 0.05.
TABLE 10 The specific treatment with cyclosporin of ITP patients in each group
Glucocorticoid or Glucocorticoid or
Cyclosporin IVIg only p Value Cyclosporin IVIg only p Value
ITP (n = 64) ANA+ITP (n = 50)
CR 50.00% 43.59% 0.716 54.55% 43.33% 0.524
PR 20.00% 2.56% 0.040 36.36% 6.67% 0.017
CR+PR (ORR) 70.00% 46.15% 0.178 90.91% 50.00% 0.017
Multi-autoantibody ITP (n = 87) Pro-infected ITP (n = 19)
CR 16.67% 63.83% 0.373 75.00% 12.50% 0.030
PR 50% 6.38% 0.111 25.00% 0% 0.140
CR+PR (ORR) 66.67% 70.21% 0.919 100% 12.50% 0.004
*p < 0.05.

prothrombin time and thrombin time was higher, and the number of
Fibrinogen was lower. Therefore, it is speculated that ITP patients
complicated with prodromal infection are relatively few blood clots
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Megakaryocytes<50
(n=37)

45.95%
2.70%
48.65%

Megakaryocytes<50
(n=11)
18.18%
18.18%
36.36%

TABLE 11 Efficacy of glucocorticoid
and(or) IVIG therapy in three groups of

patients with different megakaryocyte

numbers

TABLE 12 Efficacy of cyclosporin
therapy in three groups of patients with
different megakaryocyte numbers

Megakaryocytes2200 200>Megakaryocytes
(n=42) 250 (h = 29)
CR 54.76% 41.38%
PR 7.14% 3.45%
CR+PR (ORR) 61.90% 44.83%
Megakaryocytes>200 200>Megakaryocytes
(n=22) 250 (n=12)
CR 63.64% 75.00%
PR 27.27% 16.67%
CR+PR (ORR) 90.91% 91.67"
*p < 0.05.
TABLE 13

Single-factor analysis

Impact factors treated with glucocorticoid or IVIG recurrence in ITP patients

Multiple-factor analysis

p Value (Sig.) Exp (B) 95% CI p Value(Sig.) Exp (B) 95% CI
CD3+CD8+ 0.046 0.939 0.883-0.999 0.049" 1.158 1.001-1.340
CD3+CD4+ 0.031 1.060 1.005-1.118
CD16+CD56+ 0.015 0.874 0.784-0.974
CD4/CD8 0.003 2.172 1.296-3.640 0.036 4.601 1.105-19.163
CD19+ 0.023 1.058 1.008-1.110 0.024 1.141 1.018-1.279
*p < 0.05.
X X X X TABLE 14 Impact factors treated with
Single-factor analysis Multiple-factor analysis . . .
cyclosporin therapeutic response rate in
p Value pValue Exp ITP patients
(Sig.) Exp(B) 95%ClI (Sig.) (B) 95% Cl
Number of 0.014 1.013 1.003-1.024
megakaryocytes
CD3+ 0.039 0.904 0.821-0.995 0.040° 0.895 0.805-0.995
*p < 0.05.

and are more likely to bleed. Further analysis of some immune in-
dexes showed that compared with the general ITP group, the patients
with Multi-autoantibody ITP had lower ALB, higher gamma globulin,
and lower albumin/globulin ratio. And the number of immunoglobu-
lin A and immunoglobulin G increased. Previous studies have found
that most ITP patients have platelet-specific immunoglobulin G anti-
bodies, which can bind to platelet surface glycoproteins GPIIB/IIIA
and GPIB/IX, so it can be considered that IgG autoantibodies are the
main mediators driving the autoimmune system.12 When the capac-
ity of complement synthesis decreases or the complement consump-
tion increases, the level of complement will decrease. Studies have
shown that the decrease of complement synthesis capacity is mainly
seen in liver dysfunction, and the increase of complement con-
sumption is mainly seen in systemic lupus erythematosus or other
autoimmune diseases.™ In this study, we found that the level of com-
plement C3 and C4 decreased in patients with Multi-autoantibody

ITP. Therefore, it is speculated that complement C3 and C4 will be
consumed when there were various autoantibody abnormalities.

The aberrant number of lymphocytes is an important immune
factor in ITP patients, especially the balance of CD4+ and CD8+
T lymphocyte subsets. During the pathogenesis of ITP, platelet-
binding antibodies are produced by B lymphocytes in peripheral
blood, spleen, bone marrow, and other sites. CD4+T lymphocytes
can mediate the differentiation of subsequent B lymphocytes and
the secretion of autoantibodies. Even the depletion of B lympho-
cytes can have an effect on T lymphocyte subsets.***° In this study,
we try to collect T and B lymphocyte subsets, NK cell, and DC sub-
sets of peripheral blood in different groups of ITP patients. We found
the proportion of total CD19+B lymphocytes in ANA+ITP patients
and Multi-autoantibody ITP patients increased significantly than in
general ITP group. Complement hypercatabolism and(or) production
disorder may also occur in ITP like in SLE patients.
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Th1/Th2/Th17 cytokines secreted by T lymphocytes form a reg-
ulatory network in the immune microenvironment of ITP patients.*
Previous studies have found that a variety of cytokines or chemok-
ines, such as IL-1, IL-2, IL-4, IL-6, IL-10, IL-17, TNF-a, TGF-p, and IFN-y,
are all related to the pathogenesis of ITP patients. All these cyto-
kines could indirectly reflect the function of immune response and
inflammation status in autoimmune diseases.’” Our data showed the
expression of IL-6, which always highly expresses in patients with
autoimmune diseases. In ANA+ITP patients and Multi-autoantibody
ITP patients, the level of IL-6 was significantly higher than that in
general ITP patients. Indicating the ITP patients in ANA+ITP and
Multi-autoantibody groups was in high inflammation status.

Some other immune cells such as NK cells and DCs may play
a regulatory role in ITP. Studies have found that NK cells are ac-
tivated in peripheral blood of ITP patients; in addition, granu-
lar enzyme B, perforin, and FasL secreted by NK cells are highly
expressed in ITP patients. DCs can present and provide platelet
antigens to CD4+T lymphocytes, so as to help promote the dif-

ferentiation of B lymphocytes.®?

mDC cells further promote the
maturation and differentiation of Th1 cells, while pDC cells mainly
promote the transformation of ThO cells to Th2 cells. Studies have
found that pDC has a weaker ability to capture antigens than mDC,
but can induce innate immune responses. Moreover, pDC could
induce the differentiation and activation of Treg, thus directly or
indirectly inhibit a variety of helper T cells.?° CD16-mDC in mDC
can secrete TNF-« factor, and the combination of TNF-a and TLR2
ligand can differentiate CD16-mDC into mature DCs with high
antigen-presenting ability.?* The flow cytometry of NK cell and DCs
subsets in our ITP patients was further analyzed. It was found that
CD16+CD56+ cells, pDC/DC ratio, and pDC/mDC ratio were in-
creased in ANA+ITP patients, suggesting that pDC and NK cells also
participate in the process of ITP patients especially in ANA+ITP pa-
tients. We also test subgroups of mDCs, but did not find differences
among four ITP groups.

Cyclosporin is a widely used immunosuppressant, which can di-
rectly inhibit the formation of antigen-antibody complex, increase
the number of peripheral blood platelet, and reduce the destruc-
tion of platelets. It can also inhibit the activities of Th cells and
CD8+T Iymphocytes.”'23 Our results showed that the therapeu-
tic response rate was increased and the recurrence rate was de-
creased within 3 months after being treated with cyclosporin in all
ITP patients. Especially in ANA+ITP group and the Pro-infected ITP
group, the therapeutic response rate by cyclosporin is much higher
than those treated only with glucocorticoid and(or) IVIG only.
Moreover, the therapeutic effect of patients with high megakaryo-
cyte number was significantly higher than that of patients with
low megakaryocyte number. CD3+ T lymphocytes indicate that
cyclosporine has a good therapeutic effect. Therefore, cyclospo-
rin therapy can be considered for patients in ANA+ITP group and
the Pro-infected ITP group, especially for patients with increased
CD3+T lymphocytes.

In conclusion, ITP is a heterogeneous disease, recurrence may
occur during or rapidly after treatment. Cyclosporine included

WILEY-L2°"™

treatment can improve the effective rate of ITP and reduce the re-
lapse rate within 3 months. The number of CD3+T lymphocytes was
the only impact factor that influences the therapeutic effect of cyc-

losporin in ITP patients.

ACKNOWLEDGEMENT

This work was funded by the National Natural Science Foundation
of China (81600093, 81770118, 81770110, 81870101, 81800120,
81800119, 81970116, 81970115), and the Natural Science
Foundation of (18ZXDBSY00140, 18JCYBJC91700,

17JCQNJC11500).

Tianjin

CONFLICT OF INTEREST

The manuscript has been submitted solely to this journal and is not
published, in the press, or submitted elsewhere and confirmed that
all the research meets the ethical guidelines, including adherence to
the legal requirements of the study country. This study is a clinical
retrospective study, and no ethical approval is required. There is no
conflict of interest among the eight authors of the article entitled
“Immunological characteristics and effect of cyclosporine in patients
with immune thrombocytopenia”: Ting Wang, Xin He, Ningyuan Ran,

Chunyan Liu, Limin Xing, Huaguan Wang, Rong Fu, Zonghong Shao.

DATA AVAILABILITY STATEMENT
The data used to support the findings of this study are included
within the article. And the raw data used to support the findings of

this study are available from the first author upon request.

ORCID

Rong Fu " https://orcid.org/0000-0002-7211-8492

REFERENCES

1. Cines DB, Bussel JB, Liebman HA, et al. The ITP syndrome: patho-
genic and clinical diversity. Blood. 2009;113(26):6511-6521.

2. LiJ, Sullivan JA, Ni H. Pathophysiology of immune thrombocytope-
nia. Curr Opin Hematol. 2018;25(5):373-381.

3. Zhang X, Wang Y, Zhang D, et al. CD70-silenced dendritic cells in-
duce immune tolerance in immune thrombocytopenia patients. Br J
Haematol. 2020;191(3):466-475.

4. Ebbo M, Audonnet S, Grados A, et al. NK cell compartment in the
peripheral blood and spleen in adult patients with primary immune
thrombocytopenia. Clin Immunol. 2017;177:18-28.

5. Witkowski M, Witkowska M, Robak T. Autoimmune thrombocyto-
penia: current treatment options in adults with a focus on novel
drugs. Eur J Haematol. 2019;103(6):531-541.

6. Wu Q, Wang X, Nepovimova E, et al. Mechanism of cyclosporin
A nephrotoxicity: oxidative stress, autophagy, and signalings. Food
Chem Toxicol. 2018;118:889-907.

7. Provan D, Arnold DM, Bussel JB, et al. Updated international con-
sensus report on the investigation and management of primary im-
mune thrombocytopenia. Blood Adv. 2019;3(22):3780-3817.

8. Lambert MP, Gernsheimer TB. Clinical updates in adult immune
thrombocytopenia. Blood. 2017;129(21):2829-2835.

9. Kado R, McCune WJ. Treatment of primary and secondary immune
thrombocytopenia. Curr Opin Rheumatol. 2019;31(3):213-222.

10. Hollenhorst MA, Al-Samkari H, Kuter DJ. Markers of autoimmunity
in immune thrombocytopenia: prevalence and prognostic signifi-
cance. Blood Adv. 2019;3(22):3515-3521.


https://orcid.org/0000-0002-7211-8492
https://orcid.org/0000-0002-7211-8492

10 of 10
00 | \WILEY

11.

12.

13.

14.

15.

16.
17.
18.

19.

WANG ET AL.

Trier NH, Nielsen 1@, Friis T, et al. Comparison of antibody as-
says for detection of autoantibodies to Ro 52, Ro 60 and La as-
sociated with primary Sjoégren's syndrome. J Immunol Methods.
2016;433:44-50.

Schmidt DE, de Haan N, Sonneveld ME, et al. IgG-Fc glycosylation
before and after rituximab treatment in immune thrombocytope-
nia. Sci Rep. 2020;10(1):3051.

Vignesh P, Rawat A, Sharma M, et al. Complement in autoimmune
diseases. Clin Chim Acta. 2017;465:123-130.

Wang Q, Li J, YuTS, et al. Disrupted balance of CD4+ T-cell subsets
in bone marrow of patients with primary immune thrombocytope-
nia. Int J Biol Sci. 2019;15(13):2798-2814.

Swinkels M, Rijkers M, Voorberg J, et al. Emerging concepts in im-
mune thrombocytopenia. Front Immunol. 2018;9:880.

Chen YY, Zhou YQ, Zhao N, et al. Evaluation of IVIG response in
relation to Th1/Th2 cytokines in pediatricm immune thrombocyto-
penia. Cytokine. 2019;120:234-241.

Takahashi N, Saitoh T, Gotoh N, et al. The cytokine polymorphisms
affecting Th1/Th2 increase the susceptibility to, and severity of,
chronic ITP. BMC Immunol. 2017;18(1):26.

Wang S, Liu F, Zhao H. Eosinophil granulocyte and NK cell-mediated
platelet destruction in immune thrombocytopenia. Indian J Hematol
Blood Transfus. 2018;34(1):121-124.

Audia S, Mahévas M, Samson M, et al. Pathogenesis of immune
thrombocytopenia. Autoimmun Rev. 2017;16(6):620-632.

20.

21.

22.

23.

Frenz T, Graalmann L, Detje CN, et al. Independent of plasmacyt-
oid dendritic cell (pDC) infection, pDC triggered by virus-infected
cells mount enhanced type | IFN responses of different compo-
sition as opposed to pDC stimulated with free virus. J Immunol.
2014;193(5):2496-2503.

Sanchez-Garcia J, Serrano-Lépez J, Garcia-Sanchez V, et al. Tumor
necrosis factor-a-secreting CD16+ antigen presenting cells are ef-
fectively removed by granulocytapheresis in ulcerative colitis pa-
tients. J Gastroenterol Hepatol. 2010;25(12):1869-1875.
Mousavi-Hasanzadeh M, Bagheri B, Mehrabi S, et al. Sirolimus
versus Cyclosporin for the treatment of pediatric chronic im-
mune thrombocytopenia: a randomized blinded trial. Int
Immunopharmacol. 2020;88: 106895.

Al-Samkari H, Kuter DJ. Immune thrombocytopenia in adults: mod-
ern approaches to diagnosis and treatment. Semin Thromb Hemost.
2020;46(3):275-288.

How to cite this article: Wang T, He X, Ran N, et al.
Immunological characteristics and effect of cyclosporin in
patients with immune thrombocytopenia. J Clin Lab Anal.
2021;35:€23922. https://doi.org/10.1002/jcla.23922



https://doi.org/10.1002/jcla.23922

