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Background: Primary immune thrombocytopenia (ITP) is an autoimmune heterogeneous disorder of which Treg
cells are numerically or functionally deficient. It is known that human FoxP3*CD4™ T cells were composed of 3
phenotypically and functionally distinct subpopulations (resting Treg, rTreg; activated Treg, aTreg; and non-
suppressive Treg, n-sTreg). The current study was aimed to determine whether these Treg subtypes are altered in
ITP patients and the related potential clinical applications.

Method: Normal control volunteers and newly diagnosed ITP patients were enrolled in the study. The percentage
of Treg cells' subtypes in peripheral blood was examined by flow cytometry before and after the glucocorticoid
treatment. The IL-10 production by Treg subtypes was also examined.

Results: Treg cell subtypes of aTreg increased, rTreg decreased, and n-s Treg increased in newly diagnosed ITP
patients' peripheral blood. The IL-10 production by respective Treg subtype didn't change after the treatment,
and aTreg cells had the highest IL-10 yield. Patients who gained remission during follow-up had a higher aTreg
cells' percentage than those who did not at the disease diagnosis.

Conclusion: Tregs cell subtypes percentage was altered when ITP occurred. The increased aTreg cells at disease
diagnosis might predict a better glucocorticoid treatment efficacy.

1. Background peripheral sites. They shed suppression on the activation and pro-

liferation of Teffs by cell-to-cell contact and by secreting cytokines such

Primary immune thrombocytopenia (ITP) is an autoimmune het-
erogeneous disorder presenting with decreased platelet count and in-
creased bleeding risk. Both impaired platelet production and increased
platelet destruction mediated by T cells play roles in the pathogenesis of
ITP [1]. As Tregs play a fundamental role in the maintenance of im-
mune tolerance, they have been found numerically or functionally de-
ficient in ITP patients [2-6]. CD4* CD25" Foxp3™ Treg cells are pro-
duced in the thymus, or generates from conventional CD4* T cells in

as interleukin-10 (IL-10) and tumor growth factor-f (TGF-B) [7,8].
Previously we found that insufficient secretion of IL-10 by Treg cells
compromised its control on over-activated CD4 ™" T effector cells in ITP
patients [3].

Human Foxp3*CD4™" T cells are composed of 3 phenotypically and
functionally distinct subpopulations [9-13]: CD45RA " Foxp3'® resting
Treg cells (rTreg cells, Group I), CD45RA ~Foxp3™ activated Treg cells
(aTreg cells, Group II, most of which originated from rTreg cells), both
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Table 1
Clinical characteristics of ITP patients.
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Patient no. Sex Age (years) Platelet counts (x 10°/L) Treatment efficacy
Pre-treatment Post-treatment
ITP1* M 59 22 444 CR
ITP2* F 65 4 163 CR
ITP3* F 58 5 103 CR
ITP4* F 44 18 109 CR
ITP5* F 69 1 165 CR
ITP6* F 63 8 276 CR
ITP7* M 19 8 79 PR
ITP8 F 71 4 94 PR
ITP9 F 68 9 166 CR
ITP10 M 32 16 224 CR
ITP11 M 68 9 102 CR
ITP12 M 29 11 183 CR
ITP13 F 43 23 103 CR
ITP14 F 55 1 139 CR
ITP15 F 64 2 327 CR
ITP16 F 53 24 112 CR
ITP17 F 46 1 226 CR
ITP18 F 61 17 238 CR
ITP19 F 25 2 101 CR
ITP20 F 43 2 220 CR
ITP21 M 39 15 216 CR
ITP22* F 79 12 10 NR
ITP23* M 25 7 5 NR
1TP24 M 18 7 12 NR
ITP25 M 59 9 7 NR
1TP26 M 68 9 2 NR
ITP27 F 56 20 25 NR
ITP28 F 60 9 8 NR
ITP29 M 31 2 4 NR
ITP30 F 66 13 25 NR
ITP31 F 53 1 2 NR
M:F = 11:20 56(18-79) 9(1-24) 103(2-444)

* These 9 patients' treg cells were cultured for IL-10 production analysis.

of which are suppressive in vitro, and CD45RA ~Foxp3'° non-suppres-
sive T cells (n-s Treg cells, Group III), which might represent those
activation-induced Foxp3-expressing cells that transiently express
Foxp3 in vitro [9,14,15]. The dynamic differentiation and fate of the
various Foxp3-expressing human peripheral CD4* T cells was under-
scored [16].

Detailed analysis of Treg subpopulations would be more informative
than total Treg cells in investigating the mechanisms of autoimmune
disease. Several studies have reported that Treg subtypes changed in
different autoimmune disease, e.g., aTreg cells decreased in systemic
lupus erythematosus (SLE) patients [9,17], impaired numbers of func-
tional CD45RA+F0xp31°w naive Treg was found in SLE patients [18],
CD45RO™" aTreg cells increased in type 1 diabetes patients [19] while
CD39*CD45RA™ rTreg cells were decreased [20], rheumatoid arthritis,
and Behcet's disease patients' aTreg cells were decreased compared to
health controls [21]. However, it remains unclear regarding Treg cell
subtypes changes in ITP. The present study was aimed to examine
whether the Treg subtypes numerically and functionally changed in ITP
patients with correlated treatment and prognosis.

2. Materials and methods
2.1. Patients and healthy controls

From Jan. 2015 to Mar. 2017, patients with newly diagnosed ITP
according to the ITP diagnosis criteria proposed by an international
working group [1] were enrolled in this study. All of these patients
requiring therapy for their platelet counts were < 30 x 10%/L. Sec-
ondary ITP and pregnant patients were excluded. All patients received
first-line corticosteroids treatment according to an international con-
sensus [1,22]. In detail, the patients received oral 1 mg/kg prednisone
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for 4 weeks and then tapered off. One month after the initial gluco-
corticoid treatment, the therapeutic efficacies were validated in ac-
cordance with the Vicenza Consensus Conference [1]. Nineteen healthy
adult volunteers were recruited as normal control (NC). Twenty mL
venous blood samples were collected for each of the patients and health
controls upon enrollment and 1mo post initial treatment (only the pa-
tients' blood were collected at this time) for further examination.

The study was approved by the institutional review board of
Zhongshan Hospital, Fudan University. Written informed consent was
obtained from each patient and volunteer before enrollment.

2.2. Sample preparation

Venous blood samples were collected in ethylenediaminetetraacetic
acid-treated tubes and diluted 1:2 with Hanks balanced salt solution
(HBSS) before Ficoll-Hypaque gradient centrifugation (2200 rpm at
room temperature for 15min). Washed and re-suspended, isolated
peripheral blood mononuclear cells (PBMCs) were cryopreserved in
fetal bovine serum containing 10% dimethyl sufloxide (DMSO), and
stored in liquid nitrogen for future studies.

2.3. Cell purification and culture

Cryopreserved PBMCs were thawed at 37 °C, washed twice with
HBSS. Before cell purification, 1 x 10 PBMCs were allocated to de-
termine the number of Tregs by flow cytometic (FCM) analysis. Dead
cells were removed by dead cell removal kit (Miltenyi Biotec, Auburn,
California, USA, Cat# 130-090-101). Tregs and Teffs were isolated from
PBMC using the CD4 " CD25* Treg cells isolation kit (Miltenyi Biotec,
Cat# 130-091-301) per manufacturer's instruction.

Before culture, Teffs were CFDA-SE (CFSE)-labeled (Invitrogen,
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Fig. 1. Group I decreased, Group II increased, and Group III increased in ITP
patients.

A. Representative zebra figure of CD4*CD25"Foxp3 ™ Treg cells in NC and ITP
groups. B. The mean + SD of the percentage of Group I, Group II, and Group III
Treg subtypes of two groups.

NC, normal control group; ITP, ITP patients group; Group I, CD45RA * Foxp3'®
resting Treg cells; Group II, CD45RA ~Foxp3"! activated Treg cells; Group III,
CD45RA ~Foxp3'° non-suppressive T cells.

*p < 0.05 when compared with the counterpart of NC group.

Carlsbad, California, USA, Cat# C34554) with in PBS staining of 0.8 uyM
at 37 °C. Teffs were cultured with Tregs at 4:1 ratio, adjusted con-
centration at 1 X 10%/ml in RPMI1640 medium supplemented with
10% heat-inactivated fetal bovine serum, 2 mM t-glutamine, 200 U/ml
penicillin, and 100 pg/ml streptomycin and 200 ng/ml interleukin-2
(IL-2; Biolegend, Cat# 589102). The cells were cultured in 200 pl per
well in round-bottom 96-well plates, which were pre-incubated with
anti-CD3 (10 pug/ml; Biolegend, Cat# 300414), and stimulated with
anti-CD28 (10 pg/ml, Biolegend, Cat# 302914). After culturing for
5days, cells were collected for FCM analysis.

2.4. Flow cytometry analysis

For Treg subtypes test, 1 x 10® PBMCs were stained with CD4 FITC
(eBioscience, San Diego, California, USA, Cat# 11-0048-42), CD25
APC-H7 (BD Bioscience, Cat# 506225), CD45 PE-Cy7 (BD Bioscience,
Cat# 560675) and Foxp3 V450 (BD Bioscience, Cat# 560459). To de-
tect IL-10 production by Treg subtypes, 1 X 10° cultured CD4* T cells
were adjusted concentration as 5 x 10°/ml in RPMI1640 medium
supplemented with 10% heat-inactivated fetal bovine serum, 2 mM t-
glutamine, 200 U/ml penicillin, and 100 pg/ml streptomycin. The
CD4*T cells were incubated for 4 h with 50 ng/ml phorbol myristate
acetate (PMA, Sigma-Aldrich, St. Louis, Missouri, USA, Cat# P8139)
and 500 ng/ml ionomycin (Sigma-Aldrich, Cat# 19657). After 2h of
incubation, 1 ul/ml brefeldin A solution (BFA, Biolegend, Cat# 420602)
was added into the culture system. Then CD4* T cells were stained with
CD25 APC-H7, CD45 PE-Cy7, Foxp3 V450, and IL-10 APC (BD
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Bioscience, Cat# 554707) according to the manufacturer's protocol.
Stained cells were tested on a FACS Aria II flow cytometer (BD bios-
ciences) and then analyzed using Flowjo software version 7.6.1 (Tritar
Inc., San Carlos, California, USA).

2.5. Statistical methods

All analyses were performed with STATA 7.0 software (StataCorp
LP, College Station, Texas, USA). Data were expressed as mean * SD.
Normality was assessed by Shapiro-Wilk W test. In pairwise compar-
ison, Student t-test and Wilcoxon rank-sum (Mann-Whitney) test were
used for data fulfilled normal distribution and for those did not, re-
spectively. When multiple groups were compared, One Way ANOVA
and Kruskal Wallis test were used for data fulfilled normal distribution
and for those did not, respectively. Pearson or spearman analysis was
used to evaluate the correlation between groups when the data fulfilled
or not fulfilled normal distribution. For all tests, two-sided p va-
lues < 0.05 were considered statistically significant.

3. Results

Thirty-one adult patients (20 females and 11 males, age range
18-79 years, median age 56 years) with newly diagnosed ITP who meet
aforementioned criteria were enrolled. Nineteen healthy adult human
volunteers were recruited as control (NC, 12 females and 7 males, age
range 22-75 years, median age 57 years). The age and sex between ITP
group and NC group was comparable (p > 0.05). Detailed character-
istics of these patients were listed in Table 1.

3.1. aTreg subtype increased while rTreg subtype decreased in newly
diagnosed ITP patients' peripheral blood

We compared the composition of Treg subtypes in the peripheral
blood of newly diagnosed ITP patients and health volunteers (the
composition of each subgroup was showed as percentage account in the
total Treg cells). The results showed that the CD45RA’Foxp3hi acti-
vated Treg cells' percentage (aTreg cells, Group II) increased in ITP
patients ((4.33 * 3.45) % vs NC (2.72 = 2.38) %, p = 0.0376). On
the other hand, the CD45RA " Foxp3!° resting Treg cells' percentage
(rTreg cells, Group I) decreased in ITP patients ((14.33 * 8.66) % vs
NC (25.38 + 13.39) %, p = 0.0030). The CD45RA’Foxp3lo non-sup-
pressive T cells' percentage (Group III) was higher in the ITP patients
when compared with NC volunteers ((80.01 + 9.05) % vs
(69.69 = 14.42) %, p = 0.0044) (Fig. 1). We also compared the im-
mune-suppressive fraction (Group I + Group II) of Trges between ITP
patients and health controls, less suppressive fraction of Tregs was
found in ITP patients (p = 0.0050).

3.2. The production pattern of IL-10 by Tregs subtypes didn't change in ITP
patients

The purified CD4*CD25" T effector cells and CD4"CD25% Treg
cells were co-cultured with focus on the IL-10 production of each
subtype of Treg cells. The co-cultured Tregs' composition altered simi-
larly to the peripheral blood. Group I decreased ((8.94 + 8.38) % vs
NC (21.67 = 10.71) %, p =0.0222), Group II increased
((13.89 = 7.13) % vs NC (7.94 = 3.49) %, p = 0.0327), and Group III
increased ((77.17 = 9.31) % vs NC (59.90 + 14.37) %, p = 0.0330)
(Fig. 2A, B). The mean fluorescence intensity (MFI) of IL-10 APC was
taken as a marker of the production of IL-10 by Treg cells. For health
controls, the MFI of 3 subtypes of Treg cells were statistically different
((Group I (636.50 = 378.85) vs Group II (3012.00 *+ 3165.25) vs
Group III (834.32 *= 1365.40), p = 0.0463)). However, The IL-10
production pattern among the subtypes remained unchanged in ITP
patients ((Group I (385.49 + 416.89) Vs Group II
(3934.56 + 3633.33) vs Group III (556.00 = 416.63), p = 0.0007)).
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Fig. 2. The subtypes changed same in the culture condition. The IL-10 production by Tregs subtypes didn't change in ITP patients.

A. Representative zebra figure of CD4 " CD25"Foxp3* Treg cells in NC and ITP groups in the same culture condition. B. The mean =+

SD of the percentage of Group I,

Group 11, and Group III Treg subtypes of two groups in the same culture condition. C. Representative histogram of IL-10 MFI of Treg subtypes in NC and ITP groups in
the same culture condition. D. The mean * SD of IL-10 MFI of Group I, Group II, and Group III Treg subtypes of two groups in the same culture condition.
NC, normal control group; ITP, ITP patients group; Group I, CD45RA " Foxp3'® resting Treg cells; Group II, CD45RA ~Foxp3™ activated Treg cells; Group III,

CD45RA ~Foxp3'® non-suppressive T cells.
*p < 0.05 when compared with the counterpart of NC group.

No significance was found between NC and ITP on the MFI of each Treg
cells' subtype (Fig. 2C, D).

3.3. The Treg subtypes' change according to the treatment efficacy

ITP patients were followed up for 1 month after the initiation of
glucocorticoid treatment. According to the Vicenza Consensus
Conference [1], 21 patients were complete remission (CR) or partial
remission (PR), they were named as ITP-R group. The other 10 patients
remained no remission (NR, ITP-NR group). Data showed that before
the treatment (Pre), rTreg cells were decreased in both of the response
groups when compared with NC (ITP-R pre (15.52 * 9.75) %,
p = 0.0032; ITP-NR pre (11.82 + 5.32) %, p = 0.0008). However for
aTreg cells, the change was different: the aTreg fraction increased in
ITP-R pre ((5.39 + 3.73) %, p = 0.0038), remained unchanged in ITP-
NR pre ((2.10 %= 0.76) %, p = 0.7121). Group III Treg cells in ITP-R
pre patients were comparable to NC group (ITP-R pre (77.51 = 9.33)
%, p = 0.0562), while that component of ITP-NR pre increased
((85.26 = 5.85) %) when compared with NC group (p = 0.0013), or
with ITP-R pre (p = 0.0230) (Fig. 3A, B).

After treatment, the three subtypes of Treg cells of ITP-R patients
(ITP-R post) were changed as compared with NC group, respectively:
Group I Treg cells were decreased, ((13.50 * 8.62) %, p = 0.0008);
Group II Treg cells were increased ((5.72 = 5.20) %, p = 0.0051);
Group III Treg cells increased ((78.36 = 7.64) %, p = 0.0122). There
was no statistic difference between the ITP-R pre and the ITP-R post
(Fig. 3C & D). For ITP-NR patients, Group I Treg cells were decreased
((11.63 = 5.84) %, p = 0.0006; Group II Treg cells were at normal
level ((2.24 = 1.82) %, p = 0.7480); Group III Treg cells were in-
creased ((85.44 + 5.13) %, p = 0.0002), as compared to NC group
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respectively. No statistic difference was found between the ITP-NR pre
and the ITP-NR post (Fig. 3C & D).

As it was mentioned, age could potentially affect the Treg subtypes.
Age distribution was comparable in ITP-R patients and ITP-NR patients
(p = 0.9572). Pearson or spearman analysis showed that age was not
correlated with Group I Treg cells (p = 0.7722), Group II Treg cells
(p = 0.7036), or Group III Treg cells (p = 0.9287).

Higher Group II Treg cells percentage at diagnosis might predict
greater responsiveness to corticosteroids.

We compared each group of Treg cells at diagnosis of ITP-R patients
with ITP-NR patients. The p value of Group I was 0.4098, which meant
that no difference was found in this group of Treg cells between ITP-R
patients and ITP-NR patients. As for Group II Treg cells, higher per-
centage of aTreg cells at diagnosis was found in ITP-R patients
(p = 0.0007), as compared to that of ITP-NR patients. Taking Difference
(Plt) (platelet count post-treatment minus platelet count pre-treatment,
Diff (P1t)) as a parameter, the Spearman's Rho between the aTreg cells
percentage and the Diff (Plt) was 0.3698 (p = 0.0406). This result
suggested that higher aTreg cells percentage correlate with higher Diff
(PIt) (Fig. 4), in other words, a higher aTreg cells might correlate with
good response to glucocorticoids treatment.

4. Discussion

ITP is an autoimmune disease, abnormal Treg cells' number and
function takes an important role in its pathogenesis. Recently, Treg's
heterogeneity has been highlighted [23-25]. There are 3 different
subtypes of Treg cells, with different surface markers and different
immune-function [9]. The role of the different circulating regulatory T-
cells (Treg) subsets, as well as their relations with clinical outcome of



L. Cheng, et al. Thrombosis Research 181 (2019) 10-16

ITP R-pre ITP NR-pre

*#
~
5 | 5 ] 1001
5~ 1075 10”3 T 3 Group |
w ) R Group Il
D)
: 10* 103 8 501 3 Group Il
a g I
= " *
e 10°3 10°4 8 o0 *
; » 3 @ E 20 .
10%3 1024 101 i III #
0 3 0 3 0 -l
= (¢] < (4
L i N T Lk} SR T T <« Q( Q(
0 102 103 104 105 0 102 103 104 105 &Q'Q. &

&
> Foxp3 V450 ® $

ITP R-post ITP NR-post

~
> 10°7 10°4 100- * *#
3 E ] 1 3 Growpl
o 1044 0% N R Group Il
w 3 o 3 Group Il
p:3 o
o 4] ] g s0-
10 3 10 3 S 301 .
» S 2] x
2 S *
10”3 10°7 & o] III N
o 3 o 3
A - i il [lall
TON e 4 T Liies | Ly | s el | b | Lbis | Ll |
< e &
0 10 10° 10* 10° 0 102 10° 10 10° < < Q.Qo
b =
> Foxp3 V450 N &

Fig. 3. The Treg subtypes' alteration according to the treatment efficacy.

A. Representative zebra figure of CD4 " CD25"Foxp3™ Treg cells in ITP-R pre and ITP-NR pre groups. B. The mean + SD of the percentage of Group I, Group II, and
Group III Treg subtypes of NC, ITP-R pre, ITP-NR pre groups. C. Representative zebra figure of CD4* CD25"Foxp3™* Treg cells in ITP-R-post and ITP-NR post groups.
D. The mean + SD of the percentage of Group I, Group II, and Group III Treg subtypes of NC, ITP-R post, ITP-NR post groups.

NC, normal control group; ITP-R pre, ITP patients who later got remission, before treatment; ITP-NR pre, ITP patients who later remained no remission, before
treatment; ITP-Rpost, ITP patients who later got remission, after treatment; ITP-NR post, ITP patients who later remained no remission, after treatment; Group I,
CD45RA "Foxp3'° resting Treg cells; Group II, CD45RA ~Foxp3™ activated Treg cells; Group III, CD45RA ~Foxp3'® non-suppressive T cells.

*p < 0.05 when compared with the counterpart of NC group.

#p < 0.05 when compared with the counterpart of ITP-R pre or ITP-R post.
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Fig. 4. The correlation between the aTreg cells percentage and treatment efficacy.
Higher aTreg cells percentage was seen in ITP-R patients at diagnosis. ITP-R, ITP patients who later got remission; ITP-NR, ITP patients who later remained no
remission; Diff (Plt), platelet count post-treatment minus platelet count pre-treatment.

ITP patients is poorly understood. The present study showed that the together with our previous report that the sum of Treg cells is decreased
composition of Treg subtypes was changed in ITP patients comparing to in ITP patients [4], supports a conclusion that the immunosuppressive
health controls. The non-immuno-suppressive fraction (Group III) of Treg cells are compromised in ITP.

Treg cells was increased at the occurrence of the disease while the It is known that rTreg cells could be activated and turned to aTreg
immune-suppressive fraction of Treg cells was decreased. This finding, cells when stimulated by antigens, and the proliferation of aTreg could
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generate a negative feedback to stop the rTreg cells from converting
into aTreg cells. On the other hand, aTreg cells die shortly after acti-
vation, and this would boost the rTreg cells' turnover into aTreg cells
[9,16]. In the current study, aTreg cells (Group II) were found in-
creased, while the rTreg cells (Group I) were decreased in ITP patients.
We speculate that a high turnover rate from rTreg to aTreg cells re-
sulted in this phenomenon. However, it is not known how rTreg cells
turn into aTreg cells, so this speculation needs further validation. Be-
sides, it is unclear whether there is a life-long thymic output of
CD45RA™ rTreg cells or they are self-maintained. So it also remains
unsolved whether the decrease of rTreg cells is caused by exhaustion or
by lower output of thymus [26]. To address these issues, we put the
same amount of CD4*CD25" T cells in the culture systems. After 5-
days' stimulation of CD3/CD28 antibodies, Group II Treg cells of ITP
group were numerically much more than that of NC group. This result
supported our hypothesis that the turnover rate from Group I to Group
II is higher in ITP patients than in health controls.

The treatment efficacy evaluation during follow up found that re-
mission patients had more aTreg cells (Group II) at diagnosis.
Furthermore, the aTreg cells' percentage was correlated with the Diff
(Plt) after corticosteroids treatment. Both results could support the ar-
gument that a higher aTreg cells' percentage at the diagnosis might
predict a greater responsiveness to corticosteroids in ITP patients. In the
in vitro culture study, we showed that higher Group II Treg cells was
probably caused by higher turnover rate from Group I to Group II in ITP
patients. Thus, the higher turnover might be helpful in the recovery of
thrombocytopenia. If this is true, then the treatment efficacy of ITP
could be improved by targeting the turnover rate.

When evaluating suppressive Tregs (Groups I and II) as a whole, it
showed that the suppressive Treg cells were decreased in ITP patients. It
has been proved that Treg cells might become unstable under certain
inflammatory conditions [27,28]. According to our previous report, the
CD4* effector cells are over-activated [3], which could create an in-
flammatory condition and consequently cause the decrease of sup-
pressive Treg cells in ITP patients, suggesting another novel therapeutic
target for ITP.

The co-culture experiment testified that aTreg cells produced most
of the IL-10 among the three subtypes of Treg cells, no matter in health
controls, or in ITP patients. The comparison between NC and ITP group
showed that the capacity of producing IL-10 from each subgroup did
not change in ITP patients. However, as it is the abnormality of secre-
tion, not the production of IL-10, causes the dysfunction of Treg cells,
this finding does not hamper the possibility that the rTreg or/and aTreg
cells are dysfunctional in ITP, which deserves further investigations.

5. Conclusion

Treg cells subtype percentage alters in ITP patients. A higher group
II aTreg cells percentage at diagnosis might predict a better gluco-
corticoid treatment efficacy. The investigations on how to adjust the
plasticity of Treg cells might be helpful to improve the treatment effi-
cacy of ITP.
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