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Background: Primary immune thrombocytopenia (ITP) is defined as an acquired autoim-
mune disease characterized by isolated thrombocytopenia. This work is to further clarify the 
relationship between T cell immune dysfunction and the pathogenesis of ITP.
Methods: 37 adult patients with ITP were selected and were classified into newly diagnosed 
ITP (nITP, n = 13), persistent ITP (pITP, n = 6) and chronic ITP (cITP n = 18). The 
frequency of cytotoxic T lymphocytes (Tc1, Tc2, and Tc17) and helper T cells (Th1, Th2, 
and Th17), Tregs, and the expression of chemokine receptors and PD-1 on CD4+ T cells were 
investigated by flow cytometry. Plasma levels of T cell-related cytokines (IL-2, IL-4, IL-6, 
IL-10, TNF-α, IFN-γ, IL-17) were measured by cytometric beads array (CBA).
Results: The percentage of Tc1 in cITP was greatly higher than nITP and healthy controls (p < 
0.05, p < 0.01). The percentage of Treg in nITP and cITP groups was remarkably lower than 
those in healthy control group (p < 0.05, p < 0.001); and according to platelet count analysis 
(PLT<50x109/L or PLT>50x109/L), Treg cells in ITP group were significantly lower than those 
in healthy control group (p < 0.001, p < 0.05). The percentage of CD4+CXCR3+ of cITP was 
significantly higher than healthy controls and nITP (p < 0.01, p < 0.05). The percentage of 
CD4+CCR6+ in cITP was significantly higher than healthy controls and nITP (p < 0.001, p < 
0.05). The expression of PD-1 in cITP patients was higher than healthy control (p < 0.05), but 
there was no significant difference among nITP, pITP and cITP (p = 0.25). The levels of IL-2, 
IFN-γ and TNFα in nITP group and cITP group were significantly higher than those in healthy 
control group (p < 0.01, p < 0.05; p < 0.01, p < 0.05; p < 0.05, p < 0.05), and the level of IL-10 in 
nITP group was significantly higher than that in pITP group (p < 0.05).
Conclusion: Our results suggest that T lymphocyte immune dysfunction does exist in adult 
ITP patients and plays an important role in the pathogenesis of ITP.
Keywords: primary immune thrombocytopenia, T helper cells, cytotoxic T lymphocyte, 
regulatory T cells

Introduction
Primary immune thrombocytopenia (ITP) is an acquired autoimmune hemorrhagic 
disease characterized by isolated peripheral blood thrombocytopenia without expli-
cit inducement.1–3 The classic pathogenesis of ITP is that platelet surface glyco-
protein and antiplatelet antibody combine to form an immune complex, and Fc 
receptor of monocyte macrophage system combines with Fc segment of autoanti-
body, which mediates macrophage phagocytosis and destruction of platelets, lead-
ing to peripheral thrombocytopenia.4–8 However, the above humoral immune 
mechanism cannot fully explain all the clinical manifestations of ITP.

CD4+ and CD8+ T cells are important components of T lymphocytes, and the 
CD4+/CD8+T cell ratio is associated with autoimmune diseases.9,10 However, the 
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impact of cytotoxic T lymphocytes dysfunction on the 
severity of the different courses of ITP remains unclear. 
CD8+ T cells may play a major role in the protection of 
individual autoimmunity.11,12 CD8+ T cells can directly 
dissolve platelets, and increased platelet destruction was 
observed in ITP patients.13–16 In addition, helper T cell 
(Th) subsets coordinate different immune responses and 
mediate the production of different cytokines, and abnor-
mal Th cell activity may lead to chronic inflammation and 
autoimmune diseases, and recent studies have shown that 
normalization of T regulatory cells (Tregs) can also sig-
nificantly increase platelet count.17–19

The migration and differentiation of Th1, Th2 and 
Th17 subsets are affected by chemokine receptors. 
Chemokine receptors are dynamically regulated during 
the activation and differentiation of naive CD4+T cells.20 

Some studies have found that CCR6+CD4+T cells in ITP 
patients have the properties of activated memory, which 
can be used to monitor disease activity and treatment 
response.21 Overexpression of CCR6 + Th cells and their 
marker cytokines is associated with persistent inflamma-
tion and autoimmune diseases. Some studies indicated that 
the expression of CXCR3 in ITP patients was increased 
when comparing with healthy control.22,23 CCR4 was 
mainly expressed on Th2, NK and immature dendritic 
cells, skin-homing T cells and Treg cells.24 In ITP patients, 
the expression of CCR4 on CD4+T cells has not been 
studied. It has been reported that the PD-1/PD-L1 signal-
ing pathway plays a negative regulatory role in many 
autoimmune diseases.25–29 We speculate that loss of PD- 
1 inhibition regulation and the continuous activation of 
T cells may lead to excessive immunity, and eventually 
lead to ITP immune dysfunction.

In this study, we intend to further clarify the relation-
ship between T-cell immune dysfunction and the patho-
genesis of ITP.

Patients and Methods
Patients
37 adult patients with ITP were selected from the First 
Affiliated Hospital of the University of Science and 
Technology of China. The criteria of definitions and classifica-
tions of ITP were according to the report from ITP interna-
tional working group. Secondary thrombocytopenia should be 
excluded, such as tumor infiltration, chronic liver diseases, 
hypersplenism, common variant immunodeficiency disease 
(CVID), infection, and vaccination, etc. There were 10 males 

with a median age of 62 years (27–88) and 27 females with 
a median age of 48 years (25–89). According to the course of 
disease, 37 patients with ITP were classified into newly diag-
nosed ITP (nITP, patients within 3 months after diagnosis, 
n = 13), persistent ITP (pITP, patients with continuous throm-
bocytopenia for 3–12 months) (n = 6) and chronic ITP (cITP, 
patients with continuous thrombocytopenia for more than 12 
months, n = 18). According to platelet counts, these patients 
were divided into PLT< 50x109/L (n = 21) group and PLT ≥ 
50x109/L group (n = 16). A control group consisted of 20 adult 
healthy volunteers (8 males and 12 females; median age, 54 
years; range, 26–87 years).

There was no significant difference in gender (p=0.11) and 
age (p=0.19) among nITP, pITP and cITP. Moreover, there 
was no significant difference between our studied groups as 
regard to hemoglobin (HGB) (p=0.11), white blood cells 
(WBC) (p=0.82), lymphocytes (p=0.52) and last platelet 
count (p=0.15). All these patients were treated according to 
the American Society of Hematology 2011 evidence-based 
practice guideline for ITP. This study was approved by the 
medical ethics committee of the First Affiliated Hospital of 
the University of Science and Technology of China, and 
informed consent was obtained from all the participants. 
This study was conducted in accordance with the 
Declaration of Helsinki. The detailed clinical characteristics 
of the selected patients are indicated in Table 1.

Antibodies and Reagents
The following antibodies were used for flow cytometric 
analysis of lymphocyte subsets and intracellular cytokines: 
Anti-CD3-APC-H7 (BD Biosciences). Anti-CD4-Brilliant 
Violet 421, Anti-CD8a-Percp-cyanine 5.5, Anti-CXCR3- 
Percp-cyanine 5.5, Anti-CCR4-PE, Anti-CCR6-APC, 
Anti-PD-1- PE (Biolegend), Anti-CD45-FITC, anti-IFNγ- 
eFluor®450, Anti-IL4-APC, Anti-IL17-PE (eBioscience), 
FcR Blocking reagent (Miltenyi Biotec MACS). Fixable 
viability stain 510, Leukocyte Activation cocktail, with 
BD Golgiplu (BD Biosciences). Red Blood Cell Lysis 
Buffer (Solarbio Life Science). Human Lymphocyte 
Separation Medium (TBD Science). Cytometric Bead 
Array (BD Biosciences). RPMI1640 (Hyclone).

Preparation of Plasma and Cells
4 mL venous blood was collected from ITP and normal 
control by heparin sodium tube and then centrifuged for 5 
min at 1000 rpm. Plasma was separated and stored at −80° 
C until used. The peripheral blood mononuclear cells 
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(PBMC) were prepared by Ficoll-Paque plus density gra-
dient centrifugation according to the standard procedure.

Cell Stimulation and CD8+ and CD8- 
T Cell Cytokine Production
After washing for three times, the mononuclear cells were 
resuspended in RPMI1640 complete medium, and the cell 
density was adjusted to 1×106/mL. Leucocyte activation 
cocktail (with BD  GolgiPlug) was added to 1 mL of 
complete medium and the cells were incubated in 5% 
CO2 incubator at 37 °C for 5 hours. Before antibody 
staining, human FCR blocking agent was added to all 
tubes to reduce nonspecific binding, and the fixed active 
staining agent (Bv510) was added to remove dead cells. 
Then, CD45-FITC, CD3-APC-H7, CD8-PerCP-Cy5.5 
were added and incubated for 30 min at 4 °C in the dark. 
Cells were then washed, fixed, and permeabilized, fol-
lowed by intracellular cytokines stained with anti-IFN-γ- 
e Fluor 450, anti-IL4 APC, anti-IL17 PE at 4 °C in the 
dark for 30 min. After washing three times, cells were 
resuspended with 200μL PBS. Data were collected by 
Beckman CytoFLEX flow cytometric and analyzed by 

FlowJo version 10 software. Cell subset are defined as 
follows: Tc1: CD3+CD8+IFN-γ+; Tc2: CD3+CD8+IL-4+; 
Tc17: CD3+CD8+IL-17+, Th1 CD3+CD8−IFN-γ+; Th2: 
CD3+CD8−IL-4+; Th17: CD3+CD8−IL-17+.

Detection of Tregs, Chemokine Receptor 
and PD-1 Expression by Flow Cytometry
The following antibody to human cell surface antigens 
were used: 100 μ l blood was added to each tube and 
then 2 μ L CD45-FITC, CD3-APC-H7, CD4-BV421, 
CD127-PE and CD25-APC, CXCR3-APC, CCR4-PE, 
CCR6-APC, PD-1-PE, respectively, reagents were added 
in turn.

After the antibody was added, it was incubated at 4 °C 
in the dark for 30 min, and then 1mL of red blood cell 
lysate was added. After shaking, red blood cells were 
dissolved at room temperature away from light for 10 
min. The supernatant was centrifuged and washed with 
phosphate buffer (PBS + 1% FBS). Cells were resus-
pended with 200 μ l PBS. FCM was used to detect the 
number of lymphocytes and the expression of subsets 
(200,000 cells).

Table 1 Clinical Characteristics of Adult ITP

Characteristics Normal Range nITP pITP cITP p PLT<50 
(109/mL)

PLT≥50 
(109/mL)

p

Number — 13 6 18 — 21 16 —

Sex, male/female — 1/12 3/3 6/12 0.11 5/16 5/11 0.61

Age (year) median (range) — 40 

(25–89)

44 

(27–63)

53 

(37–88)

0.19 48 

(25–89)

50 

(27–78)

0.78

HGB (g/L), median (range) 120–160 122 

(58–144)

133 

(123–160)

118 

(49–156)

0.11 121 

(49–160)

124 

(90–156)

0.52

Last platelet count (×109/L), median (range) 100–300 45 

(10–217)

85 

(24–150)

41 

(3–159)

0.15 24 

(3–49)

100 

(67–217)

<0.001

Platelet before the treatment (×109/L), median (range) 100–300 13 

(2–45)

16 

(1–73)

6 

(1–30)

0.36 6 

(1–25)

15 

(1–73)

0.17

WBC (×109/L), median (range) 4–10 9 

(3–15)

6 

(4–20)

9 

(3–15)

0.82 9 

(3–20)

9 

(4–15)

0.40

Lymph# (109/L), median (range) 0.8–3.5 1 

(0.4–4.4)

1 

(0.7–3.0)

1 

(0.3–2.2)

0.52 1 

(0.3–2.5)

1 

(0.4–4.4)

0.10

Lymph (%), median (range) 20–40 16 

(5–50)

19 

(4–42)

14 

(5–41)

0.66 14 

(4–50)

22 

(3–42)

0.21

Course of disease (months), median — 1 

(0–3)

6 

(4–10)

42 

(12–156)

— 12 

(0–156)

6 

(0–120)

—

Notes: Lymph#: lymphocyte absolute value; lymph (%): percentage of lymphocytes. 
Abbreviations. ITP, immune thrombocytopenia; nITP, newly diagnosed ITP; pITP, persistent ITP; cITP, chronic ITP; HGB, hemoglobin; WBCs, white blood cells.
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Detection of T Cell Related Cytokines in 
Serum by CBA
CBA detection: the required reagents and instruments are 
mainly BD CBA human Th1/Th2/Th17 cytokine kit and 
Fortessa analytical flow cytometric (BD). The serum was 
taken from the −80 °C ultra-low temperature refrigerator 
for standby. It was placed at room temperature for 2 h, and 
then, the relevant experimental operation was carried out 
according to the CBA kit instructions and the detection 
was performed on the flow cytometric analysis within 3 
hours. According to the test data, the standard curve was 
drawn automatically by using software mELISA, and the 
cytokine content in the sample was calculated automati-
cally according to the standard curve.

Statistical Analysis
Statistical analysis was performed using prism software 
(GraphPad prism) by t-test (or unpaired). One-way 
ANOVA was performed for data comparison among multi-
ple groups. The chi-square test was used to analyze the 
gender differences between different disease courses of 
ITP. The data were expressed as mean ± standard error 
of mean (SEM) or standard deviation (SD). p < 0.05 was 
considered significant.

Results
Increased Percentage of Tc in Chronic 
ITP
The flow gating strategy of CD8+T lymphocytes and Tc 
cell subsets according to representative plots of flow cyto-
metry analysis are shown in Figure 1A-B. The rate of CD4 
+/CD8+ in healthy control was similar to different course 
of ITP (p=0.38, Figure 1C) and there was no significant 
difference between PLT<50x109/L and PLT>50x109/L 
group (p = 0.88, Figure 1D). We found that the percentage 
of Tc1 in cITP was greatly higher than nITP and healthy 
controls (p < 0.05, p < 0.01, Figure 1E); however, the 
difference was not statistically significant in PLT<50x109/ 
L and PLT>50x109/L group (p = 0.52, Figure 1F). The 
percentage of Tc2 was no significant difference in nITP, 
pITP and cITP(p = 0.34, Figure 1G); furthermore, the 
difference was not statistically significant in 
PLT<50x109/L and PLT>50x109/L group (p = 0.33, 
Figure 1H). The percentage of Tc17 was no significant 
difference in nITP, pITP and cITP (p = 0.21, Figure 1I), 
and the difference was not statistically significant in 

PLT<50x109/L and PLT>50x109/L group as well 
(p = 0.14, Figure 1J).

The Percentage of Th Cell Subsets in ITP
Th cell subsets according to representative plots of flow 
cytometric analysis are shown in Figure 2A. The percen-
tage of Th1 (p = 0.35, p = 0.98, Figure 2B and C), Th2 
(p = 0.30, p = 0.52, Figure 2D and E) and Th17 (p = 0.73, 
p = 0.87, Figure 2F and G) was no significant difference in 
different course of ITP or platelet counts (PLT<50x109/L 
and PLT>50x109/L).

Decreased Levels of Treg Cells in nITP 
and cITP
The flow gating strategy of CD4+T lymphocytes and the 
representative dot-plots of flow cytometric analysis of Treg 
cells are shown in Figure 3A. According to platelet count 
analysis (PLT<50x109/L or PLT>50x109/L), we found that 
Treg cells in ITP group were significantly lower than those 
in healthy control group (p < 0.001, p < 0.05, Figure 3B). 
Treg cells in PLT>50x109/L group were slightly increased 
compared to PLT<50x109/L group without statistically sig-
nificant (p = 0.22, Figure 3B). According to the course of 
disease, the percentage of Treg in nITP and cITP groups 
was remarkably lower than those in healthy control group 
(p < 0.05, p < 0.001, Figure 3C); however, there was no 
significant difference among nITP, pITP and cITP (p = 0.27, 
Figure 3C).

Elevated Levels of CD4+CXCR3+, 
CD4+CCR6+ and CD4+PD-1+ T Cells in 
ITP
In order to research the role of CD4+T cells in the pathogenesis 
of ITP, we analyzed the expression of chemokine receptor and 
PD-1 on CD4+T lymphocytes, and the representative histo-
grams of flow cytometric analysis are shown in Figure 4A. The 
percentage of CD4+CXCR3+ of cITP was significantly higher 
than healthy controls and nITP (p < 0.01, p < 0.05, Figure 4B). 
The percentage of CD4+CXCR3+ in patients with pITP was 
obviously increased in comparison with healthy controls (p < 
0.05, Figure 4B). Compared with healthy control, the expres-
sion level of CD4+CXCR3+ was dramatically increased in 
PLT>50x109/L group (p < 0.05, Figure 4C). Nevertheless, 
there was no significant difference of the expression 
CD4+CCR4+ in different disease course (p= 0.46, Figure 4D) 
and different platelet count (p= 0.88, Figure 4E).The percen-
tage of CD4+CCR6+ in cITP was significantly higher than 
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healthy controls and nITP (p < 0.001, p < 0.05; Figure 4F). The 
percentage of CD4+CCR6+ in the PLT<50x109/L group and 
PLT>50x109/L group was prominently higher than healthy 
control group (p < 0.01, p < 0.05 Figure 4G). The percentage 
of CD4+CCR6+ was slightly increased in PLT<50x109/L 
group compared with PLT>50x109/L, however, this elevation 
is statistically insignificant (p = 0.32, Figure 4G). Next, we 
detected the expression of PD-1 on CD4+ T cells. We found 
that the expression of PD-1 in cITP patients was higher than 
that in healthy control (p < 0.05, Figure 4H), but there was no 
significant difference among nITP, pITP and cITP (p = 0.25, 
Figure 4H). The data of PD-1 in PLT<50x109/L have no 
statistically significant difference when compared with 
PLT<50x109/L group (p=0.35, Figure 4I).

Increased Serum Levels of IL-2, IFN-γ and 
TNF-α in ITP
The serum levels of IFN-γ, IL-2, TNF-α and IL-4, IL-6, IL- 
10, IL-17 in ITP patients and healthy controls were detected 
by CBA technology. According to different course of disease 
analysis, IL-2, IFN-γ and TNFα in nITP group and cITP 
group were significantly higher than those in healthy control 
group (p < 0.01, p < 0.05, Figure 5A; p < 0.01, p < 0.05, 
Figure 5B; p < 0.05, p < 0.05, Figure 5C). The level of IL-10 
in nITP group was significantly higher than that in pITP 
group (p < 0.05, Figure 5D). The levels of IL-4, IL-6 and IL- 
17 were no significant differences among different disease 
duration and healthy controls (p = 0.69, p = 0.35, p = 0.53, 
Supplement Figure 1A-C). According to the platelet count 

Figure 1 The percentage of Tc increased in chronic ITP. 
Notes: (A–B) In the flow gating strategy, lymphocytes were first gated by forward scattering FSC and side scattering SSC, and then cells were stained for live cells, 
lymphocytes were gated by CD45, T lymphocytes were circled by CD3 and CD8 simultaneously in (A). Representative of IFN-γ, IL-4 and IL-17 expression on CD3+CD8+ T 
subsets was shown in (B). Cells are defined as follows: Tc1: CD3+CD8+IFNγ+, Tc2:CD3+CD8+IL4+, Tc17: CD3+CD8+IL17+. (C) The rate of CD4+/CD8+ in healthy 
control and different course (1.20±0.10 control vs 0.89±0.37 nITP,1.60±1.23 pITP and 0.94±0.51 cITP, respectively, p = 0.38). (D) The rate of CD4+/CD8+ was no significant 
difference between PLT<50x109/L and PLT>50x109/L group (0.89±0.27 vs 0.85±0.55, p=0.88). (E) The percentage of Tc1 in cITP was greatly higher than nITP and healthy 
controls (33.98 ± 17.17 vs 7.76 ± 6.81, p < 0.05; 33.98 ± 17.17 vs 12.61 ± 5.14, p < 0.01). (F) There was no significant difference in Tc1 between PLT<50x109/L and 
PLT>50x109/L group (27.08 ± 21.32 vs 20.26±13.95, p = 0.52). (G–J) The percentage of Tc2 (G, H), and Tc17 (I, J) was no significant difference in nITP, pITP and cITP (0.10 
±0.07, 0.20±0.22 and 1.14±1.51, respectively, p=0.34 for Tc2; 0.22±0.20, 0.10±0.08 and 0.72±0.66, respectively, p=0.21 for Tc17) or platelet count (1.04 ± 1.65 vs 0.34 ± 
0.49, p = 0.33 for Tc2; 0.72 ± 0.73 vs 0.25 ± 0.19, p = 0.14 for Tc17).Bars represent means ± SEM. p < 0.05 was considered significant.
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analysis, the levels of IL-2 and IFN-γ in ITP patients with 
PLT<50x109/L and PLT>50x109/L were higher than those in 
healthy control group (p < 0.05, p < 0.05 Figure 5E; p < 0.05, 
p < 0.05 Figure 5F). Compared with the healthy control, the 
ITP patients of PLT<50x109/L had significantly higher TNF- 
α levels (p < 0.05, Figure 5G). Nevertheless, there was no 
significant difference in IL-10 (p =0.16, Figure 5H), IL-4, 
IL-6 and IL-17 (p = 0.54, p = 0.16, p = 0.85, Supplement 
Figure 1D-F) between PLT<50x109/L and PLT>50x109/L.

Discussion
The main pathogenesis of ITP is characterized by the 
platelet autoimmune as a result of loss of immune toler-
ance, which leads to abnormal activation of humoral and 
cellular immunity. They jointly mediate the acceleration of 
platelet destruction and the production of platelet insuffi-
ciency by megakaryocytes.30 However, the pathophysiolo-
gical mechanism of ITP is very complex and needs further 
study. In the immune pathogenesis of ITP, T cells are still 
in the central stage and play an important role in initiation, 
transmission and maintenance of antiplatelet 

autoimmunity.31 The imbalance of immune response and 
the loss of immune tolerance, such as Th1/Th2/Th17, play 
an important role in the pathogenesis of ITP.32–34

In this study, we found that helper T cells did not differ 
significantly about different stages of the disease and pla-
telet count. CD4+T cells may play a major role by secret-
ing some related cytokines. Platelet self-reactivity T cells 
were activated and IL-2 and IFN-γ cytokine imbalance 
increased in ITP patients.35,36 Recently, it has been 
reported that IL-17 cytokines increase in ITP patients, 
suggesting that IL-17 may play a role in ITP 
immunopathology.37–39 This cytokines may lead to the 
activation of B cells and be related to the activation of 
macrophages.40 Panitsas et al showed that serum level of 
IFN-γ was markedly elevated in patients with cITP.41 We 
found that IFN-γ and IL-2 in nITP and cITP patients were 
significantly increased in relation to healthy controls, with 
maximum elevation in cITP patients. Andersson et al sug-
gest that patients with active disease may have a Th1- 
cytokine activation pattern.42 We also found that the levels 
of TNF-α in the serum of nITP and cITP patients were 

Figure 2 The percentage of helper cell T cells in ITP. 
Note: (A) Representative IFN-γ+, IL-4+ and IL-17+ expression on CD3+CD8–T subsets (CD4+ T subsets) was shown. Cells are defined as follows: Th1:CD3+CD8−IFNγ+, 
Th2: CD3+CD8−IL4+, and Th17: CD3+CD8−IL17+. (B–G) The percentage of Th1 (B, C), Th2 (D, E) and Th17 (F, G) was no significant difference in nITP, pITP and cITP 
(8.56±8.84, 7.33±1.03 and 16.09±10.79, respectively, p = 0.35 for Th1; 0.20±0.17, 1.20±1.53 and 1.16±1.11, respectively, p = 0.30 for Th2; 0.20±0.17, 0.38±0.51 and 0.32 
±0.28, respectively, p = 0.73 for Th17) or platelet count (12.70±12.81 vs 12.82±7.42, p = 0.98 for Th1; 0.98 ± 1.15 vs 0.64 ± 0.81, p = 0.52 for Th2; 0.25±0.18 vs 0.27±0.26, p 
= 0.87 for Th17). Bars represent means ± standard error of mean. p < 0.05 was considered significant.
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significantly higher than the healthy controls. These results 
support the evidence that the increase of TNF-α induces 
the activation of macrophages.43,44

In addition, the polarization of CD8+ T lymphocytes in 
ITP patients is not completely clear. Platelets are suscep-
tible to CD8+ T cell immunomonitoring. When CD8+ 

T cells recognize the homologous peptide presented by 
MHCI, it will degranulate the target cells and induce 
apoptosis.45 We found that there was a significant increase 
in Tc1, compared with healthy control group, with max-
imum elevation in cITP patients. It strongly supported the 
cytotoxicity mediated by cytotoxic T lymphocytes, which 
may be one of the main mechanisms of ITP. Therefore, it 
is speculated that Tc1 cells may affect the development 
and function of other lymphocytes in specific microenvir-
onment. In addition, we also found that the expression of 
Tc1 in cITP was greatly higher than that in nITP, indicat-
ing that cytotoxic T lymphocyte may directly affect the 
duration of ITP.

It has been found that the functional defects of 
CD4+CD25+regulatory T cells lead to the destruction of 
ITP tolerance.46 Treg cells inhibit the activation and 

proliferation of CD4+ T cells or CD8+ T cells mainly 
through the direct intercellular interaction and the produc-
tion of IL-10 and TGF-β cytokines. In our study, we found 
that Treg cells in patients of nITP, pITP and cITP were 
decreased when compared with healthy control group. We 
assumed that Treg may be involved in the pathogenesis of 
ITP by regulating immune function, and the disorder may 
become more serious with the prolongation of the disease 
course.

Chemokine and chemokine receptors play an important 
role in autoimmune diseases.47 However, its role in 
immune thrombocytopenia (ITP) is unclear. Chemokine 
receptors are essential for the migration and differentiation 
of T lymphocyte subsets. In this study, CXCR3, CCR4 and 
CCR6 expressed on CD4+ T cells were analyzed. 
Interestingly, in our study, we found that the percentages 
of CXCR3+CD4+ T cells and CCR6+CD4+ T cells 
increased significantly, with maximum elevation in cITP 
patients. CCR6+Th cell population is heterogeneous and 
can be divided into several subgroups, including interleu-
kin (IL)-17, IL-22 and IFN - γ - secreting cells.48 

Therefore, we speculate that CXCR3 and CCR6 may 

Figure 3 The percentage of Treg decreased in ITP patients. 
Notes: (A) In the flow gating strategy, lymphocytes were first gated by forward scattering FSC and side scattering SSC, and then lymphocytes were circled by CD45. T 
lymphocytes were circled by CD3 and CD4 simultaneously. Treg cell was defined as CD4+CD127−CD25+. (B) PLT < 50x109/L and PLT > 50x109/L groups were lower than 
healthy control group (2.55 ± 1.47 vs 5.13 ± 1.92, p < 0.001; 3.32 ± 1.51 vs 5.13± 1.92, p < 0.05). Treg cells in PLT>50x109/L group were slightly increased compared to 
PLT<50x109/L group without statistically significant (3.32 ±1.51 vs 2.55 ± 1.47, p=0.22). (C) Compared with healthy control group, Treg in nITP, pITP and cITP was decreased 
(3.43 ± 1.47 vs 5.13 ± 1.92, p < 0.05; 3.38 ± 2.03 vs 5.13 ± 1.92, p = 0.09; 2.40 ± 1.24 vs 5.13 ± 1.92, p< 0.001). However, there was no significant difference among nITP, 
pITP and cITP (3.43 ± 1.47 vs 3.38 ± 2.03 vs 2.19 ± 1.04, respectively, p = 0.27). Bars represent means ± SEM. p < 0.05 was considered significant.

International Journal of General Medicine 2021:14                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
943

Dovepress                                                                                                                                                               Lin et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 4 The expression of CXCR3, CCR6 and PD1 on CD4+ T cells increased in ITP patients. 
Notes: (A) Representative histograms of the expression of CXCR3, CCR4, CCR6 and PD-1 on the surface of CD4+ T cells were detected by flow cytometry. (B) 
Compared with healthy controls, CXCR3 was significantly increased in the pITP and cITP groups (33.05 ± 7.49 vs 21.03 ± 6.52, p < 0.05; 39.10 ± 11.86 vs 21.03 ± 6.52, p < 
0.01). There was no significant difference between nITP and healthy controls (21.45 ± 9.70 vs 21.03 ± 6.52, p = 0.92). Compared with nITP, CXCR3 in cITP increased 
significantly (39.10 ± 11.86 vs 21.45 ± 9.70, p < 0.05). (C) Compared with healthy controls, CD4+CXCR3+ was significantly increased in PLT>50x109/L groups (31.23 ± 11.22 
vs 21.03 ± 6.52, p < 0.05). (D) There was no significant difference in CCR4 expression among nITP, pITP, cITP patients (19.23 ± 7.16 vs 24.95 ± 2.16 vs 22.25 ± 8.47, 
respectively, p= 0.46). (E) There was no significant difference in CD4+CCR4+ between PLT<50x109/L and PLT>50x109/L groups (21.33 ± 8.35 vs 20.60 ± 6.21, p = 0.88). (F) 
The expression of CD4+CCR6+ in cITP was significantly higher than that of healthy controls and nITP (27.33 ± 8.24 vs 8.59 ± 6.24, p < 0.001; 27.33 ± 8.24 vs 16.56 ± 8.30, p 
< 0.05). (G) Compared with healthy controls, CD4+CCR6+ was significantly increased in the PLT<50x109/L and PLT>50x109/L groups (21.86 ± 10.57 vs 8.59 ± 6.24, p < 
0.01; 18.99 ± 9.55 vs 8.59 ± 6.24, p < 0.05). The percentage of CD4+CCR6+ was increased in PLT<50x109/L group compared with PLT>50x109/L, however, this elevation is 
statistically insignificant (21.86 ± 10.57 vs 17.58 ± 5.76, p = 0.32). (H) Compared with healthy controls, the expression of CD4+PD-1+ in cITP was significantly increased 
(17.01 ± 9.49 vs  8.70 ± 3.79, p < 0.05), but here was no significant difference of the expression CD4+PD-1+ among nITP, pITP and cITP (12.02±6.25 vs 10.00±3.51 vs 17.01 
±9.49, respectively, p = 0.25, Figure 4H). (I) There was no significant difference between PLT< 50x109/L and PLT > 50x109/L (15.24 ± 9.56 vs 11.98 ± 5.07, p = 0.35). Bars 
represent means ± SEM. p < 0.05 was considered significant.
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induce helper T cell (CD4+T cell) to generate inflamma-
tory factor storm in ITP through chemotaxis and play an 
important role in cell-mediated immunity.

PD-1 was reported to be decreased in cITP patients, 
which suggested the important role of the PD-1 pathway in 
the pathogenesis of ITP.49  However, we found that the 
PD-1 expression level was significantly increased in cITP 
in comparison with healthy control. Wan and others found 
a high level of sPD-1 in the serum of patients with rheu-
matoid arthritis, and its expression level was closely 
related to clinical immune detection indexes, which sug-
gested that sPD-1 may be an important factor to maintain 
the balance between PD-1 and PDL-1.50 It can be seen that 
PD-1/PDL-1 signaling pathway is not enough to explain 
the mechanism of ITP. PD-1 pathway in the pathogenesis 
of ITP needs further study.

Conclusions
Taken together, this study suggested that T cell immune 
dysfunction plays an important role in the pathogenesis of 
ITP. However, there were shortcomings in the current 
study; for example, the sample of pITP patients is too 
small, leading to no significant differences between some 

test indicators in the course of the disease. In addition, the 
above data need to be studied in a longitudinal study.
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