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Abstract

Objective: We aimed to investigate the expression of inter-
leukin 12 (IL-12) family cytokines (IL-12, IL-23, IL-27 and IL-
35) and their relevant cytokines (IFN-y, IL-4, IL-17A and IL-10)
in patients with chronicimmune thrombocytopenia (cITP) as
well as the effect of high-dose dexamethasone (HD-DXM)
treatment on this expression. Materials and Methods: DXM
was administered orally at a dose of 40 mg per day for 4 con-
secutive days to 38 patients with cITP. We measured the
plasma levels of IL-12p70, IL-23, IL-27, IFN-y, IL-4 and IL-17A
before and after treatment and also in 36 matched healthy
controls, by means of FlowCytomix™ technology. The plas-
ma levels of IL-10 and IL-35 were measured by enzyme-
linked immunosorbent assay. Results: Significantly higher
plasma levels of IL-12p70, IL-23, IL-27, IFN-y and IL-17A were
observedin cITP patients thanin controls (p <0.01), and after
HD-DXM treatment, these levels decreased significantly (p <
0.01). However, significantly lower plasma levels of IL-4, IL-10
and IL-35 were observed in cITP patients than in controls

(p < 0.01); after the HD-DXM treatment, these levels had in-
creased significantly in the cITP patients (p < 0.01). More-
over, the cytokine levels of patients who attained a complete
response returned to the levels of normal controls (p > 0.05)
but were not corrected in the patients who had no response
(p <0.01). Conclusions: The patients with cITP had abnormal
expression of the IL-12 family cytokines and their relevant
cytokines levels, and HD-DXM treatment corrected the de-
rangement of plasma cytokines. Measuring cytokine levels
may help in the clinical assessment of cITP.

© 2015 S. Karger AG, Basel

Introduction

Chronic immune thrombocytopenia (cITP) is an au-
toimmune disease which prematurely destroys platelets,
mainly in the spleen, liver and bone marrow [1]. The
pathophysiology of cITP is heterogeneous and complex.
Besides the well-known autoantibody-mediated destruc-
tion of platelets in the reticuloendothelial system [1], sev-
eral T-cell abnormalities have been identified in cITP, in-
cludinga polarization toward T helper 1 (Th1) [2], chang-
es in the number of regulatory T (Treg) cells and Th17
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cells [3, 4] and the destruction of platelets by cytotoxic T
lymphocytes [5]. However, the mechanism of cellular im-
mune abnormalities in patients with cITP remains un-
clear.

The IL-12 cytokine family consists of IL-12, IL-23, IL-
27 and IL-35, which have diverse functions and play a role
in both pro- and anti-inflammatory responses [6]. The
IL-12 cytokine is composed of two protein subunits called
p35 and p40, and is the first cytokine shown to be able to
drive the differentiation of naive T cells into Th1 cells,
with high IFN-y production [7]. IL-23 is composed of a
p40 subunit shared by the IL-12 and p19 subunits. It not
only acts on Th1 cells like IL-12, but has been associated
with the generation of the Th17 response and the produc-
tion of IL-17 [8].1L-27 is composed of Epstein-Barr virus-
induced gene 3, i.e. EBI-3, and a p28 subunit, which can
synergize with IL-12 to promote IFN-y production early
in the Th1 response [9]. IL-27 also acts in an anti-inflam-
matory manner, promoting induction of Foxp3-IL-
10-producing Trl cells [10] and inhibiting the differen-
tiation of Th2 [11] and Th17 cells [12]. IL-35, the most
recently identified member of this family, is composed of
EBI-3 and p35 [13], and it has been considered to be a
characteristic factor of Treg cells, like TGF- and IL-10
[14]. Additional evidence demonstrates that IL-35 is an
important anti-inflammatory cytokine and can efficient-
ly suppress the activity of CD4+ effector T cells (including
Th1, Th2 and Th17) and reduce the progression of in-
flammatory and autoimmune diseases [15, 16].

Some reports have shown that high-dose dexametha-
sone (HD-DXM) might be a promising alternative to
prednisone as a first- or second-line treatment for ITP
patients [17, 18]. HD-DXM could correct Th1 polariza-
tion by altering the Th1/Th2 cytokine profile [19]. IL-12
family cytokines appear to play an important role in de-
termining the types of T-cell response generated. How-
ever, the exact expression of IL-12 family cytokines and
their relevant cytokines (IFN-y, IL-4, IL-17A and IL-10)
in cITP patients is not known. In this study, we investi-
gated the expression of these cytokines in cITP and the
possible effects of HD-DXM on these cytokines in cITP
patients.

Materials and Methods

Subjects

From January 2010 to October 2013, 38 patients (25 females
and 13 males, with an age range of 17-72 years) with cITP were
enrolled in this study at the Department of Hematology, The First
Affiliated Hospital, Anhui Medical University in Hefei, China. The

IL-12 Family Cytokines in cITP Patients
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platelet counts of the patients ranged from 2 to 47 x 10%/1 with a
median of 11 x 10%/1. For at least 1 month beforehand, no patients
had received any glucocorticoids (GCs) or other immunosuppres-
sive treatments. Patients were excluded if they were pregnant or
suffering from diabetes, hypertension, cardiovascular diseases, ac-
tive or chronic infections or connective tissue diseases such as sys-
temic lupus erythematosus. All the patients involved met the diag-
nostic criteria of cITP described previously [20]. The main features
of the enrolled patients are presented in table 1. The control group
consisted of 36 sex- and age-matched healthy volunteers (25 fe-
males and 11 males, with an age range of 21-59 years). Their plate-
let counts ranged from 103 to 280 x 10%/1, with a median of 189 x
10%/1. The study was approved by the Ethics Committee of Anhui
Medical University. Informed written consent was obtained from
all the patients and healthy controls in accordance with the Decla-
ration of Helsinki.

Treatment Regimen

All the patients received 40 mg of oral DXM daily for 4 con-
secutive days. No maintenance or other treatment modality was
used. An evaluation of the initial response was made at the end of
the second week after treatment initiation. The response was eval-
uated according to the following criteria. A complete response was
defined as a platelet count >100 x 10%/1 and the absence of bleed-
ing; a response was defined as a platelet count between 30 and 100
x 10%/1, at least a doubling of the baseline counts and the absence
of bleeding; no response was defined as any platelet count <30 x
10%/1 and less than a doubling of the baseline counts or bleeding.

Immunoassays to Quantify Cytokines with FlowCytomix Kits

Peripheral blood was collected into heparin-anticoagulant va-
cutainer tubes before and 2 weeks after the treatment with HD-
DXM [21]. Plasma was obtained from all subjects by centrifuga-
tion and stored at -80°C to determine the cytokines. Eight differ-
ent cytokines were examined in the cITP patients and normal
controls. The concentrations of IL-12p70, IL-23, IL-27, IFN-y,
IL-4 and IL-17A in the plasma were determined with specific
FlowCytomix™ kits (eBioscience, San Diego, Calif., USA). The test
samples were analyzed with a flow cytometer using a BD FACS-
Aria instrument (Becton-Dickinson, San Jose, Calif., USA). The
data for each cytokine were acquired using the FlowCytomix Pro
3.0 Software (eBioscience). For each analysis, up to 10,000 events
were acquired. The minimum detectable concentrations of IL-
12p70,1L-23,1L-27,IFN-y, IL-4 and IL-17A were 1.5, 21.9, 10, 1.6,
20.8 and 2.5 pg/ml, respectively.

Enzyme-Linked Immunosorbent Assay

The plasma levels of IL-10 and IL-35 in cITP patients and
healthy controls were also determined, using a commercial en-
zyme-linked immunosorbent assay kit (eBioscience) according to
the manufacturer’s instructions. The detection limit for this assay
was 3.1 and 1.0 pg/ml, respectively.

Statistical Analysis

Statistical analysis was performed with SPSS17.0 software (Chi-
cago, Ill,, USA). Data are presented as mean + standard deviation
(SD) and median. Statistical significance of differences among the
groups was determined with the nonparametric Mann-Whitney U
test. A probability value of p < 0.05 was considered statistically sig-
nificant.
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Table 1. Clinical characteristics and initial responses of cITP patients

Case No.  Sex/age, years Duration of ITP,  Bleeding Platelet count, x10%/1
years symptoms before HD-DXM  after HD-DXM
treatment treatment
1 M/58 13 PT, EC 7 201
2 F/17 1 PT, EC 11 15
3 F/36 2 GH 5 142
4 M/43 2 PT, EC, GH 9 137
5 F/58 5 PT, EC 18 79
6 F/29 19 EC 13 145
7 F/23 1 PT, EC 28 117
8 F/54 1 PT, EC 26 203
9 F/39 6 GUH 5 57
10 M/31 18 GH 4 13
11 F/31 10 GUH 9 22
12 F/18 3 PT, EC 20 53
13 F/62 1 PT, EC, GH 4 133
14 F/71 10 EC 6 158
15 F/43 3 EC 12 66
16 M/17 2 EP 22 171
17 M/54 12 PT, EC 47 125
18 F/27 6 EC 3 39
19 M/37 3 PT 27 163
20 E/72 21 EC, GH 14 19
21 M/35 1 PT, EC 8 125
22 M/51 21 PT, EC 11 176
23 F/18 2 EC, GUH 8 164
24 F/49 7 PT, EC, GH 25 28
25 F/60 15 PT, EC 21 189
26 F/23 3 PT, EP 4 82
27 F/44 9 PT, EC 11 225
28 M/35 5 PT, EC, EP 12 19
29 F/21 1 GUH 3 231
30 M/39 12 GH 34 155
31 F/47 5 PT, EC 9 103
32 F/61 6 EP, GH 5 49
33 F/40 4 PT, GUH 15 151
34 M/41 11 PT, EP 11 15
35 F/27 2 GUH 3 105
36 M/36 3 EC 2 76
37 F/23 1 PT, EC, GH 21 208
38 M/52 7 EC, GH 8 132
Median
(min-max) 39 (17-72) 5(1-21) 11 (2-47)2 125 (13-231)°

EC = Ecchymoses; EP = epistaxis; GH = gingival hemorrhage; GUH = genitourinary hemorrhage; PT =
petechiae. ® p < 0.01, cITP pretreatment vs. control. ® p < 0.01, cITP posttreatment vs. pretreatment.

Results

Patient Characteristics

The median age of the patients was 39 years and 32
years for controls. There were no significant differences
in age and sex distribution between the cases and the con-
trols (p = 0.198 and 0.741, respectively).
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Clinical Response to HD-DXM

Of the 38 patients, a complete response was observed
in 23 (60.53%), a response in 8 (20.05%) and no response
in 7 (18.42%). The median platelet count of the cITP pa-
tients before treatment was 11 x 10%/1 (range 2-47 x
10°/1). After HD-DXM treatment, this had increased sig-
nificantly to a median of 125 x 10/l (range 13-231 x
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Table 2. Plasma levels of cytokines in controls and in cITP patients before and after treatment, with a complete response, with a response

and with no response

IL-12 IL-23 IL-27 IL-35 IFN-y IL-4 IL-17A IL-10
Normal controls (n = 36) 14734595 477.42+141.65 32.91+20.37 11.89+5.11 2321+10.87 78.71+29.82  9.21+7.90 241.72+60.87
Pretreatment (n = 38) 27.38+7.94° 799.13+309.76* 58.61+41.07° 7.64+2.71* 40.85+18.98% 57.36+16.35% 28.77+25.78* 148.59+54.26"
Posttreatment (n = 38) 16.95+6.06° 537.78+162.46" 33.82+19.76" 11.18+6.29 26.79+12.52" 76.64+20.76° 12.42+8.39> 221.32+71.42°
A complete response (n = 23) 13.73+4.35 479.65+146.43 30.58+13.37 12.47+6.92 2328+11.73 80.51+18.54  891+4.20 251.09+58.07
A response (n = 8) 23.46+5.3359561.93+124.08 25.80+13.89 10.24+6.12 31.59+13.839 81.50425.36  20.05+8.6059 199.04+80.74

No response (n=7)

20.07+4.07¢ 701.20+145.89%f 53.60+30.75%f 8.03+2.39%f 32.81+10.857 58.37+12.96% 16.19+8.88%  148.99+36.31%f

Values are given as pg/ml. * p < 0.01, cITP pretreatment vs. normal controls.  p < 0.01, cITP posttreatment vs. pretreatment. © p < 0.05, a response vs. a
complete response. ¢ p < 0.05, a response vs. normal controls. ¢ p < 0.05, no response vs. a complete response. { p < 0.05, no response vs. normal controls.

10%/1). The difference was statistically significant (p <
0.01; table 1). No bleeding or other obvious complications
were observed during treatment.

Cytokine Changes in cITP Patients

The cytokine levels in the cITP patients and controls
are presented in table 2. The plasma levels of IL-12p70,
IL-23,IL-27, IFN-y and IL-17A were significantly higher
in the cITP patients than in the controls before HD-DXM
treatment (p < 0.01; fig. 1). Conversely, the levels of IL-4,
IL-10 and IL-35 were considerably lower in the patients
than in the controls (p < 0.01; fig. 1). The plasma levels of
IL-12p70 (r = -0.586, p < 0.001), IL-23 (r = —0.498, p =
0.001) and IFN-y (r = -0.384, p = 0.017) were negatively
correlated with the platelet counts in the cITP patients
before HD-DXM treatment.

Cytokine Profile Correction after Treatment

The plasma levels of IL-12p70, IL-23,1L-27, IFN-y and
IL-17A in patients had decreased significantly after treat-
ment (p < 0.01; fig. 1) and normalized after HD-DXM
treatment, while the plasma levels of IL-4, IL-10 and IL-
35 had increased significantly (p < 0.01; fig. 1) after the
treatment. There were no significant differences in the
levels of the above cytokines between the posttreatment
patients and the normal controls (p > 0.05). The plasma
levels of IL-12p70 (r = -0.535, p < 0.001), IL-23 (r =
-0.567, p < 0.001) and IL-17 (r = —-0.481, p = 0.002) were
negatively correlated with the platelet counts in the cITP
patients after treatment. Conversely, levels of IL-4 (r =
0.395, p = 0.014) and IL-10 (r = 0.412, p = 0.010) were
positively correlated with platelet counts.

There were no significant differences in the plasma
levels of cytokines between the patients with a complete
response and the normal controls (p > 0.05). However,
the levels of IL-12p70, IL-23, IL-27, IFN-y and IL-17A

IL-12 Family Cytokines in cITP Patients
during HD-DXM Therapy

were still significantly higher in patients with no response
than in normal controls, and IL-4, IL-10 and IL-35 levels
were significantly lower in the patients with no response
(p < 0.05; fig. 1).

Discussion

The pathophysiology of ITP is heterogeneous and
complex [22]. Although a few of the cytokines associated
with ITP have been studied previously, the profile of cy-
tokines in ITP is still controversial [23]. In this particular
report, the plasma levels of IL-12p70, IL-23, IL-27, IFN-y
and IL-17A were significantly higher in cITP patients
than those in the controls before HD-DXM treatment.
Conversely, the levels of IL-4, IL-10 and IL-35 patients
were considerably lower than in the controls. IL-12 and
IL-23 can induce or promote the generation of proin-
flammatory Th1 and Th17 cells involved in the progress
of cITP [2, 4]. Our study showed that the levels of IL-12
and IL-23 were upregulated in the pretreatment cITP pa-
tients compared to in the healthy controls. After HD-
DXM treatment, however, the levels of IL-12 and IL-23
had decreased; this confirms previous reports [24]. Hence,
both of these cytokines could also be pathogenic factors
of cITP. Moreover, we found that the plasma levels of IL-
12 and IL-23 were negatively correlated with the platelet
counts of cITP patients before and after treatment, sug-
gesting that the expression of IL-12 and IL-23 was corre-
lated with the disease activity. IL-27 is an immunoregula-
tory cytokine, but it may have some prostimulatory func-
tions [10-12]. We recently identified that IL-27 was
increased in patients with active cITP, and that it can
cause Th1 differentiation [25]. In this study, we observed
a dramatically decreased plasma IL-27 level in patients
with cITP after HD-DXM treatment. A decrease in Treg
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Fig. 1. Comparison of IL-12 (a), IL-23 (b), IL-27 (c), IL-35 (d), IFN-y (e), IL-4 (f), IL-17A (g) and IL-10 (h)
plasma levels in healthy controls and in cITP patients before treatment, after HD-DXM treatment, a complete
response, a response and no response.
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cell numbers and functioning was displayed in the cITP
patients [3]. As IL-35 is considered to be the characteris-
tic factor of Treg cells, it could elicit the development of
iTr35 cells, a population of induced Treg cells that sup-
press via IL-35 but do not express Foxp3, IL-10 or TGE-.
The deficiency of IL-35 might lead to the dysfunction of
self-tolerance that contributes to the platelet destruction.

Subsets of immune cells and the cytokines they pro-
duce play a key role in I'TP [26]. It has been reported that
an increased Th1/Th2 ratio in the peripheral blood ap-
pears to be a key pathogenic mechanism of cITP [2]. In
addition, recent studies have indicated that upregulation
of Th17 cells may be an important determinant in the
evolution of cITP [4]. In agreement with previous reports
[2, 4], the plasma levels of IFN-y, IL-4 and IL-17A in our
patients also implicate a Th1l and Th17-dominated cyto-
kine profile in cITP.

In our study, the 80.58% of the responses of patients to
4 days of HD-DXM treatment confirmed the results of
previous reports [17, 18,21]. Borstetal. [18] reported that
HD-DXM led to an acute response (a rise in platelet count
to >50 x 10°/1) in 83% and also side effects that were fre-
quent but rarely dangerous. Cheng et al. [21] reported
that a good initial response to HD-DXM occurred in
106/125 patients (85%). HD-DXM might be a promising
alternative to prednisone as a first- or second-line treat-
ment for ITP patients [18, 21]. However, the specific
mechanism of DXM regulation of cytokine levels has not
been completely clarified. It has been reported that GCs
inhibit the transcription factors of the NF-xB and AP-1
families [27], and thus suppress the production of mul-
tiple cytokines including IL-2, IL-6, IFN-vy, IL-23 and IL-8
[28]. Moreover, the interaction of GCs with the Jak-STAT
signaling pathway may have either a positive or a negative
impact on cytokine signaling. One example of a positive
interaction is the synergistic activation of f-casein gene
expression in the mammary gland, mediated by a direct
physical interaction between prolactin-activated STAT5
and the GC receptor, which is activated by GCs [29]. In T
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