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Results: In this study, four patients (36%) achieved spontaneous remission within 2.8 years Revised: 29 April, 2015

(mean year; range, 1.0-4.4 years). The frequency of Treg was significantly lower in patients with Accepted: 7 May, 2015

persisting thrombocytopenia (0.13%=+0.09%, P<0.05), than that in the patients with spontaneous

remission (0.30%=0.02%), healthy adults controls (0.55%=+0.44%), and healthy children controls

(0.46%=+0.26%). A significantly positive correlation was found between the frequency of Treg and the

platelet count in children.

Conclusion: These data suggest that a lower frequency of Treg contributes to the breakdown of self-

tolerance, and may form the basis for future development of specific immunomodulatory therapies.

Furthermore, Treg frequency has prognostic implication toward the natural course and long-term

outcomes of childhood chronic ITP.
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Introduction

To maintain the immune tolerance and to prevent autoimmune disease, CD4"CD25"
FoxP3" regulatory T cells (Treg), CD4" T cells with high expression of CD25, and trans-
cription factor forkhead box P3 (FoxP3), which is also named as FoxP3 regulatory T cells,
play a fundamental role. Decreased number of Tregs and impairment of Tregs function
have been reported in patients with various autoimmune diseases, such as systemic lupus

. . . . . ) Copyright © 2015 by The Korean Pediatric Society
erythematosus, rheumatic arthritis, multiple sclerosis, and diabetes as well as immune
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several months. However, approximately 20%-30% of children
have persistent thrombocytopenic states for more than 6-12
months, which is called the chronic ITP with increasing risk of
bleeding””.

Chronic ITP is considered to be a pathogenically and clinically
heterogeneous disease involving multifactorial autoimmune
mechanisms of both humoral and cellular immunity* . It is not
easy to predict whether the newly diagnosed ITP is self-limiting
or persisting and whether the thrombocytopenia can be recovered
during follow-up period.

Fortunately, even in chronic ITP, spontaneous remission can
occur within 5 years after diagnosis, in 30% to 60% of childhood
chronic ITP patients'. Several studies on the outcome of child-
hood chronic ITP have described some clinical prognostic fac-
tors. However, there is little information about the laboratory
immunologic markers associated with spontaneous remission
in chronic ITP. If the predictors or indicators of spontaneous re-
mission and natural course in chronic childhood ITP can be
confirmed, it will improve treatment strategies and quality of life
as well as preventing unnecessary splenectomy and treatment
cost for physicians, patients, and parents” .

Chronic ITP is considered to be a pathogenically and clinically
heterogeneous disease involving multifactorial autoimmune
mechanisms of both humoral and cellular immunity®”.

Recently, there have been increasing amount of evidences
indicating that an impairment of regulatory T cells plays a critical
role in pathogenesis of ITP'®. However, there is little information
about the role of Tregs for the patients with spontaneous remis-
sion from chronic ITP, compared to the persisting chronic ITP.

The objective of this study is to investigate the frequency of
Treg in the peripheral blood of the childhood chronic ITP with
thrombocytopenia and spontaneous remission. The findings
in this study would elucidate the possibility of predicting the
spontaneous recovery and pathogenesis of childhood chronic ITP.

Materials and methods

A prospective cohort analysis was conducted from the data
of pediatric patients with chronic ITP, who were referred to
our department during the past 7 years. In accordance with
Institutional Review Board procedures at Chungbuk National
University Hospital (2008-07-022), data from the medical records
were analyzed after obtaining informed consents from the parents
of each participant, prior to the study. A total of 11 patients with
chronic ITP were enrolled in this study.

During the study period, all patients with chronic ITP were
followed up with the intervals of 1-3 months, after 1 year from
initial diagnosis. Finally, all chronic ITP patients were divided
into two groups as follows: persistent group and spontaneous
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remission group.

Chronic ITP was defined as having the persisting isolated
thrombocytopenia for more than 12 months and platelet count of
less than 150,000/mm’, which was used as the threshold for ITP
diagnosis. All of the patients had primary ITP without any ob-
vious initiating or underlying cause. Spontaneous remission was
defined as having the platelet counts remaining above 150,000/
mm’ for more than 6 months and/or 3 serial tests without ongoing
treatment during follow-up.

Seven chronic ITP patients were allocated to persistent group
(CITP-P) and the other four patients to spontaneous remission
group of chronic ITP (CITP-SR). At the time of sampling, all pa-
tients had not received steroid or immunoglobulin therapy for at
least 1 month.

Five healthy children and eight healthy adults were included
in this study as controls. The following information was collected
from the patients and controls at the time of their enrollment: sex,
age at the enrollment and diagnosis, follow-up period, duration
of disease, platelet count at the enrollment, and progress.

For blood sampling, 3 mL of peripheral venous blood was
drawn into ethylenediaminetetraacetic acid tube for the complete
blood count and flow cytometric analysis for the frequency
of Treg. Treg was characterized by staining, using fluorescein
isothiocyanate mouse antihuman CD4, allophycocyanin mouse
antihuman CD25, and phycoerythrin mouse antihuman FoxP3
antibody (BD Pharmingen, San Diego, CA, USA) according to
the manufacturer’s instructions. Flow cytometry was performed
using a FACScalibur cytometer and CELLQUEST software (BD
biosciences, San Jose, CA, USA).

All statistical analyses were performed using SPSS ver. 17.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were perform-
ed, including the mean and standard deviation for quantitative
variables and number and percentage for qualitative variables.
Normality was assessed by Shapiro-Wilk test. In pairwise com-
parison, Student f test were used for data fulfilled normal distri-
bution. The Spearman rank correlation test was used to discover
the strength of a link between two variables, for data did not
fulfill normal distribution. In all tests, the level of significance was
set at P<0.05.

Results

Demographic and clinical data of all patients and healthy
controls in this study are shown in Table 1. Among the enrolled 11
children with chronic ITP, the mean age at the time of this study
was 8.78 years (1.75-14.89 years) and the mean age at initial
diagnosis was 5.61 years (0.65-12.45 years). The mean duration of
disease at the time of this study was 3.01 years (1.00-4.50 years).
Compared to healthy children in the control group, the age and
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Table 1. Patient group details and Treg frequency

Patient No. Sex Age at study (yr) Age at Dx. (yr) Follow-up (yr) Disease duration (yr) PLT (x1,000/mm?) Treg (%)

CITP-P
1 F 8I5 1.6 1.9 1.9 78 0.00
2 M 8.6 4.5 41 4.1 133 0.08
8 M 10.5 8.0 2.5 2.5 29 0.26
4 F 9.4 5.0 4.3 4.3 34 0.06
5 F 145 10.0 45 4.5 50 0.14
6 M 6.0 3.6 2.3 2.3 59 0.14
7 M 149 125 2.4 2.4 108 0.23

CITP-SR
1 M 10.8 7.8 2.6 2.3 155 0.26
2 F 1.7 0.7 1.1 1.0 158 0.30
3 M 9.5 5.9 3.4 34 172 0.31
4 F 71 2.2 51 4.4 175 0.31

Treg, CD4* CD25* FoxP3* regulatory T cell; Dx., diagnosis; PLT, platelet count; ITP, immune thrombocytopenic purpura; CITP-P, chronic ITP with persisting

thrombocytopenia; CITP-SR, chronic ITP with spontaneous remission.
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Fig. 1. Platelet count of patients with CITP-P (A) and CITP-SR (B) during the follow-up period. Steroid or
immunoglobulin therapy was given to patients with severe thrombocytopenia and bleeding. ITP, immune
thrombocytopenic purpura; CITP-P, chronic ITP with persisting thrombocytopenia; CITP-SR, chronic ITP

with spontaneous remission.

sex ratio of all enrolled patients were not significantly different
from the total chronic ITP patients.

During this study, 4 patients (36%) achieved spontaneous
remission (Fig. 1). For the 4 CITP-SR patients, the mean age at the
time of this study was 7.30 years (1.75-10.84 years) and the mean
age at the initial diagnosis was 4.13 years (0.65-7.79 years). The
mean duration of disease, which indicates the period between
diagnosis and spontaneous remission, was 2.78 years (1.00-4.40
years) and the mean follow-up period was 3.20 years (1.70-5.10
years). The mean platelet count of CITP-SR patients, at the time of
this study, was 165.0x10°/mm’ (155-175x10°/mm’) (Table 1).

For the 7 CITP-P patients, the mean age at the time of this study
was 9.62 years (3.50-14.89 years), and the mean age at the initial
diagnosis was 6.45 years (1.56-12.45 years). The mean follow-up
period, which also indicates the disease duration, was 3.14 years
(1.90-4.50 years). The mean platelet count of CITP-P patients, at
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the time of this study, was 70.1x10°/mm’ (29-133x10°/mm’).

The frequency of Tregs in the patient subgroups and controls
are shown in Table 2. The mean frequency of Tregs in the 7 CITP-
P patients was 0.13%:=0.09% (0.00%-0.26%). It was significantly
lower than that of CITP-SR (0.30%30.02%, 0.26%-0.319%),
healthy adults controls (0.55%:z0.449%, 0.09%-1.50%), and
healthy children controls (0.46%z0.26%, 0.23%-0.86%) (P<0.05).
However, the frequency of Tregs in CITP-SR patients appeared to
have decreased, compared to that of adults and children controls,
but no statistical significance was shown (P=0.73, P=0.214).
Among the healthy controls, the frequency of Treg in children
controls seemed to be higher than that of adults controls; but,
there was no statistical significance (P=0.943).

For the total of 11 enrolled children with chronic ITP, the mean
frequency of Tregs was 0.19%:+0.11% (0.00%-0.31%). It was
significantly lower compared to the frequency of healthy adults
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Table 2. Comparison between patient groups (CITP-P and CITP-SR) and control subjects

Patient Healthy control

Parameter -

CITP-P CITP-SR Children Adults
No. of patients (M:F) 7(4:3) 4(2:2) 5@3:2) 8 (2:6)
Age at study (yr) 9.62+4.16 7.30+4.01 6.56+2.18 27.58+2.98
Age at diagnosis (yr) 6.46+3.85 413+3.27
Follow-up period (yr) 3.14x1.10 2.78+1.46 - -
PLT (x1,000/pL) 70.14+38.68* " 165.00+9.97"* 270.80+61.40 246.38+48.17
Tregs (%) 0.13+0.09*"# 0.30+0.02 0.46+0.26 0.55+0.44

Values are presented as mean=standard deviation.

[TP, immune thrombocytopenic purpura; CITP-P, chronic ITP with persisting thrombocytopenia; CITP-SR, chronic ITP with spontaneous remission; PLT, platelet count;

Tregs, CD4*CD25 FoxP3* regulatory T cells.

*Significance compared to CITP-SR, P<0.05. 'Significance compared to healthy children controls, P<0.05. *Significance compared to healthy adults controls,

P<0.05.
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Fig. 2. Correlation between Treg frequencies and platelet count among all
children (r=0.732, P=0.01). Treg, CD4* CD25" FoxP3" regulatory T cell.

in the control group (0.55%:=0.44%, 0.09%-1.50%, P<0.05).
However, compared to that of healthy children in the control
group (0.46%:+0.26%, 0.23%-0.86%), the frequency of Tregs in
the total chronic ITP patients appeared to have decreased, but
there was no statistical significance (P=0.052).

A significantly positive correlation was found between the
frequency of Treg and the platelet count in children (r=0.732,
P=0.01) (Fig. 2). Other parameters such as sex, age at diagnosis,
follow-up period, and duration of disease were not statistically
correlated with the frequency of Tregs.

Discussion

In this study, four patients (36%) achieved spontaneous remis-
sion within 2.8 years (1-4.4 years) after being diagnosed as
ITP. From this result, it should be noted that the children with
chronic ITP had a higher chance of spontaneous remission, even

after the critical diagnosis; therefore, invasive therapy should
be delayed. Several retrospective studies have reported that the
overall spontaneous remission rate was from 30% to 80% with
a follow-up period of up to 8 years, in the childhood chronic ITP
patients'>">"”.

There are few studies assessing the prognostic factors for pre-
dicting the outcome of ITP after diagnosis. Jayabose et al."”
reported that the spontaneous remission rate was 56%, and the
clinical factors such as age, gender, initial platelet count, initial
treatment, and response to treatment did not have any progno-
stic significance. Although it is important to investigate the
characteristics of clinical features in the chronic ITP, we need to
establish the optimal immunologic and laboratory predictors.

For the mechanisms of chronic ITP, there are increasing
amount of evidences indicating that an impairment of regulatory
T cells plays a critical role in the pathogenesis of ITP'”. Many
studies have demonstrated a decreased frequency of Tregs or
imbalance of circulating Th cell-associated cytokines in the adult
ITP, which suggests the loss of peripheral immune tolerance.
However, some of the studies have failed to detect any differences
in Treg frequencies of adults ITP patients, compared to healthy
controls'". These inconsistent results may mainly be due to
the different phenotypes for Tregs according to investigators,
the difficulty of methodology standardization, and the small
accessible amount of Tregs which makes the study in children
more difficult.

In the growing children, the role of Tregs is not fully elucidated;
and there have been few studies related to predicting the natural
course of the childhood chronic ITP"*"**,

As the possible immunologic predictors, Treg was investigated
in this study. The frequency of Tregs in CITP-P was significantly
lower than that of CITP-SR or healthy adults and children con-
trols, and a significantly positive correlation was found between
the frequency of Treg and the platelet count in children. This
suggests that the decreased frequency of Tregs is associated with
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the loss of immune tolerance for maintaining the platelet count,
and recovery from the impairment of Tregs to normal level is as-
sociated with the spontaneous remission. However, there is no
information on the normal levels of Tregs in children.

This study has several limitations. Our study was small-
numbered and was conducted only at one point test. Further
prospective cohort studies with immunologic and molecular
investigations are needed to confirm our results.

The classic definition of chronic ITP is having a persistent
thrombocytopenia for more than 6 months. Recently, the Inter-
national Childhood ITP Study Group, American Society of
Hematology guideline, and the international consensus statement
have suggested that the criteria for the time of diagnosing chronic
ITP should be reset to 12 months® ™. However, our result, as
well as others studies, have shown that some patients achieved
the spontaneous remission 1 year after diagnosis. Therefore,
it is the authors’ opinion that since the chronic ITP ranges
from newly diagnosed to spontaneous recovered or persisting
thrombocytopenia, the persisting ITP should be used instead of the
chronicity definition.

In conclusion, these data suggest that the low frequency of
Treg would contribute to the breakdown of self-tolerance as well
as forming a base for the specific immunomodulatory therapies
of the future. Furthermore, they will have prognostic significance
toward the natural course and long-term outcome of the child-
hood chronic ITP.
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