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Abstract. Interleukin (IL)‑35 is the latest member of IL‑12 
family, which plays an important role in other autoimmune 
diseases. Bone marrow mononuclear cells Coombs test‑positive 
hemocytopenia, also termed immunorelated hemocytopenia 
(IRH) is a type of autoimmune‑associated diseases. The present 
study investigated the relationship of IL‑35 in patients with 
IRH. A total of 43 patients with IRH and 19 normal controls 
were enrolled in the current study. Serum levels of IL‑35 and 
IL‑17 in peripheral blood were evaluated by ELISA. Regulatory 
T cells (Tregs) level was detected by flow cytometry and IL‑35 
subunits mRNA in Treg was determined using reverse tran-
scription‑quantitative polymerase chain reaction: Epstein‑Barr 
virus induced 3 (EBI3) and IL‑12α chain p35. Effect of IL‑35 
on T helper 17 cells (Th17) cells was determined by mix‑culture 
of IL‑35 with CD4+ T lymphocytes. Serum level of IL‑35 was 
decreased in untreated patients with IRH compared with 
remission patients (P<0.01) and was significantly associated 
with clinical indexes. Frequency of IL‑35 produced Tregs was 
lower and IL‑35 subunits mRNA in CD4+CD25+ Tregs were 
decreased in patients with IRH compared with health controls 
(P<0.01). Serum level of IL‑17 was increased in patients with 
IRH (P<0.01) and there was a negative correlation between 
IL‑35 and IL‑17 (r=‑0.553; P<0.01). The production of Th17 
cells and IL‑17A mRNA expression were reduced (P<0.05) 
after mix‑culture of CD4+ T lymphocytes with IL‑35 compared 
with mix‑culture of CD4+ T lymphocytes without IL‑35. In 
conclusion, the present study revealed that IL‑35 may be a 

monitoring indicator of IRH occurrence and progression. IL‑35 
level was lower and the inhibition on Th17 cells was reduced in 
the patients with IRH.

Introduction

The heterodimeric cytokine of interleukin (IL)‑35, as a 
newly identified member of the IL‑12 family, is likely to 
contribute to the development of autoimmune diseases. It is 
formed by Epstein‑Barr virus induced 3 (EBI3) associated 
with IL‑12p35. IL‑35 was demonstrated to be expressed in 
mouse CD+CD25+Foxp3+ regulatory T cells (Tregs) (1) and 
was then demonstrated to be expressed by naturally occur-
ring CD4+CD25+ Tregs isolated from human peripheral 
blood mononuclear cells instead of CD4+CD25‑conventional 
responder T cells (Tres) (2). It can downregulate the devel-
opment of T helper type 17 (Th17) cells and then inhibit 
autoimmune inflammation in other autoimmune diseases (2,3) 
and may occur in type 1 cytokine [interferon‑γ (IFN‑γ), tumor 
necrosis factor‑a (TNF‑α) and IL‑2 mediated]/type 17 (IL‑17A 
and IL‑17F mediated) and type 2 [IL‑4, transforming growth 
factor (TGF)‑β mediated] immune‑inflammatory diseases.

Bone marrow mononuclear cells (BMMNC)‑Coombs 
test‑positive hemocytopenia, also termed immunorelated 
hemocytopenia (IRH) is a type of hemocytopenia exhibiting 
these following features: i) Hemocytopenia or pancytopenia 
with a normal or higher percentage of reticulocytes and/or 
neutrophils; ii) hyperplasia‑bone marrow (BM) with a higher 
percentage of nucleated erythroid cells in sternum, with 
erythroblastic islands (EIs) that were easily observed; 
iii) good responses to corticosteroids or high‑dose intrave-
nous immunoglobulin (IVIg); iv) exclusion of other primary 
and secondary hemocytopenia disorders; and v)  positive 
result by BMMNC‑Coombs test  (4,5). This disease is an 
immuno‑associated hemocytopenia and the production of the 
autoantibodies may be due to the abnormal number and func-
tion of B lymphocytes (6), regulatory T cells (7) and Th17 (8).

To investigate its interrelationship and immunopathological 
role in IRH, the present study determined the level of IL‑35 
and its Treg cells in relation to the progression of this disease. 
The present study detected the serum IL‑17 concentration on 
this autoimmune disease to test the connection between IL‑35 
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and Th17 cells. Additionally, CD4+ T lymphocytes were sorted 
to culture with IL‑35 and determine its effect on Th17 cell 
differentiation.

Patients and methods

Patients. A total of 43 (25 females and 18 males; median age, 
36 years; range, 11‑69 years) patients with IRH were enrolled 
in the current study, including 18 untreated patients (11 females 
and 7 males; median age, 44.5 years; range, 16‑68 years) and 
25 in remission (14 females and 11 males; median age, 31 years; 
range, 11‑69 years). All were inpatients in the Department of 
Hematology, Tianjin Medical University General Hospital 
(Tianjin, China) between August 2015 and September 2016 
and diagnosed according to Fu  (5). Patients were given 
corticosteroids (prednisone, 0.5 mg/kg/day) and cyclosporine 
(CsA) (3 mg/kg/day) as immunosuppressive therapy and some 
received high‑dose IVIg (0.4 g/kg/day for 5 days; Chengdu 
Institute of Biological Products, Sichuan, China) if they depend 
on blood transfusion. Complete blood count (CBC) and bone 
marrow (BM) examination were performed regularly. The 
response criteria were measured according to those of aplastic 
anemia (AA) (9) and the median follow‑up time was 12 months 
(range, 3‑21 months). A total of 19 healthy volunteers with 
normal blood picture and immune parameters (9 females 
and 10 males; median age, 32 years; range, 22‑48 years) were 
selected as normal controls. The current study was approved by 
the Ethical Committee of the Tianjin Medical University and 
written informed consent was obtained from the patients for 
the publication of the current study.

Enzyme‑linked immunosorbent assay (ELISA). Serum levels 
of IL‑35 and IL‑17 in patients with IRH and normal control 
individuals were measured using ELISA reagent kits (cat. 
nos. SEC008Hu and SEA063Hu; USCN LIFE, Wuhan, China) 
according to the manufacturer's protocol. Diluted standards 
and patient serum (100 µl) were added in duplicate and incu-
bated at 37˚C for 2 h. After washing the plate 5 times, 100 µl 
of antibody was added to each well and incubated at room 
temperature for 90 min and horseradish peroxidase was added 
to each well. Following incubation at 37˚C for 30 min, the 
wells were washed 5 times. Subsequently, tetramethylbenzi-
dine solution was added to each well and the samples were 
incubated in the dark at room temperature for 20 min. Finally, 
a stop solution was added, and the optical density was read at 
450 nm within 15 min.

Purification of T lymphocyte subsets using MACS micro bead 
technology. Using Ficoll‑Hypaque density gradient centrifuga-
tion to isolate peripheral blood mononuclear cells (PBMCs) 
from heparin anticoagulant venous blood of IRH and normal 
controls, diluted blood was diluted 1:1 in Ficoll‑Hypaque fluid 
and then centrifuged at 400 x g for 20 min at 4˚C. The interface 
was collected and washed with PBS at 300 x g for 10 min. 
CD4+ T lymphocytes were purified using CD4+ T cell isolation 
kit (130096533; Miltenyi Biotec GmbH, Bergisch Gladbach, 
Germany) according to the manufacturer's protocol. Every 107 
PBMCs were resuspended in 40 µl of buffer. Then 10 µl CD4 
Biotin‑Antibody cocktail (Miltenyi Biotec GmbH) was added 
and incubated at 4˚C in the dark for 5 min. After that, 30 µl 

buffer was added and 20 µl of Anti‑Biotin micro beads. Finally, 
cells were resuspended up in 500 µl of buffer. The LS column 
was placed in the magnetic field of a suitable MACS separator 
(Miltenyi Biotec GmbH). After preparing the column by rinsing 
with 3 ml buffer, the cells were added into the column. The 
column was washed with 3 ml buffer and all unlabeled CD4+ 
T cells that passed through were collected. Some of the isolated 
CD4+ T cells were resuspended in 90 µl per 107 cells and using 
anti‑CD25 mAb‑conjugated microbeads (130092983; Miltenyi 
Biotec GmbH) to isolate the CD4+CD25+ Tregs and 10 µl CD25 
MicroBeads were added in the sorting system. Following incu-
bation for an additional 15 min at 4˚C in the dark, cells were 
washed by adding 2 ml buffer and resuspended up to 500 µl 
every 108. The MS column was placed in the magnetic field of a 
suitable MACS separator. After preparing the column by rinsing 
with 1.5 ml buffer, the cells were applied into the column. The 
column was washed with 1.5 ml buffer and all flow‑through 
containing unlabeled cells was collected. Magnetically labeled 
cells were immediately flushed out by firmly pushing the 
plunger into the column and finally the CD4+CD25+ Tregs were 
collected. Sorted collection was incubated with CD4‑FITC 
(130092358; 1:10) and CD25‑APC (130092858; 1:10; Miltenyi 
Biotec GmbH) in the dark for 5 min and mouse IgG1‑FITC, 
IgG2b‑APC (130098847 and 130098890; 1:10; Miltenyi Biotec 
GmbH) were used to stain the negative controls. Then the purity 
was tested by flow cytometry (FCM).

Mixed‑culture of IL‑35 and CD4+ T lymphocytes. CD4+ 
T lymphocytes from 5 untreated IRH patients were seeded 
at 2x106 cell/ml in the 24 well plates in cell medium RPMI 
1640 supplemented (Beijing Solarbio Science and Technology 
Co., Ltd., Beijing, China) with 15% fetal bovine serum 
(FBS). Each patient's CD4+ T lymphocytes were divided 
into 3 groups and cultured with: i) Blank control, group (a); 
ii) 1 µg/ml anti‑CD3 MAbs (BioLegend, Inc., San Diego, CA, 
USA), 10 µg/ml anti‑CD28 MAbs (BioLegend, Inc.), 20 ng/ml 
TGF‑β (Peprotech, Rocky Hill, CT, USA), 50 ng/ml IL‑6 
(Peprotech) to promote differentiation to Th17 cells, group (b); 
and iii) 1 µg/ml anti‑CD3 MAbs (BioLegend, Inc.), 10 µg/ml 
anti‑CD28 MAbs (Biolegeng), 20 ng/ml TGF‑β (Peprotech), 
50 ng/ml IL‑6 (Peprotech), 50 ng/ml IL‑35 (Peprotech) to find 
out whether IL‑35 may inhibit the differentiation of CD4+ 

T lymphocytes to Th17 cells, group (c), then incubated at 37˚C, 
5% CO2 for 3 days.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT‑qPCR was used to investigate IL‑35 mRNA 
in Tregs and gp130, IL‑12R‑β2, RAR‑related orphan receptor 
(ROR)γt and IL‑17a mRNA in mix‑cultured CD4+ T lympho-
cytes. Total RNA was isolated from Tregs/cultured CD4+ T 
lymphocytes using TRIzol reagent (Takara Biotechnology 
Co., Ltd., Dalian, China) from 1x105 isolated cells. A total 
1 µg RNA was converted to cDNA using reverse transcription 
with PrimeScript RT reagent kit at 37˚C for 15 min then 5 sec 
at 85˚C for 1 cycle (Takara Biotechnology Co., Ltd.). qPCR 
was performed in a 25 µl reaction volume containing 12.5 µl 
of SYBR‑Green (Takara Biotechnology Co., Ltd.). All primer 
sequences were presented in Table I. The thermocycling profile 
was as follows: 95˚C 5 sec and 60˚C 45 sec for 45 cycles. The 
relative quantity of target mRNA expression was calculates 
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using the quantification cycle (Cq) method using the equation: 
Relative quantity=2‑∆∆Cq (10).

FCM. In order to determine the CD4+CD25+Foxp3+ cell level, 
fresh 200 µl PB samples were lysed with hemolysin (BD 
Pharmingen, Franklin Lakes, NJ, USA) and erythrocytes 
washed with PBS. CD4‑fluorescein isothiocyanate (FITC) and 
CD25‑APC (1:20; cat. nos. 130092358 and 130092858; Miltenyi 
Biotec GmbH) were used as the fluorophore‑conjugated 
monoclonal antibodies and IgG1‑FITC, IgG2b‑APC (1:20; 
cat nos. 130098847 and 130098890; Miltenyi Biotec GmbH) 
were used to stain the negative controls. The forkhead 
box P3 (FoxP3) Staining Buffer set (Miltenyi Biotec GmbH) 
was used for cell fixation and permeabilization. After that, 
cells were stained with FoxP3‑phycoerythrin (PE; 1:2; cat. 
no. 130093014; Miltenyi Biotec GmbH) or IgG1‑PE (1:2; cat. 
no. 130098845; Miltenyi Biotec GmbH) as negative control. 
Regulatory T cells were identified as CD4+CD25+Foxp3+ and 
the frequencies were determined.

To determine the Th17 cell level, PBMCs/mixed‑culture 
CD4+ T lymphocytes were incubated with 25 ng/ml phorbol ester 
(Beyotime Institute of Biotechnology, Shanghai, China), 1 µg/ml 
Brefeldin A (Beyotime Institute of Biotechnology) and 1 µg/ml 
Ionomycin (Beyotime Institute of Biotechnology) at 37˚C for 
5 h. Next, CD4‑FITC (2:5; cat. no. 130092358; Miltenyi Biotec 
GmbH) was used as the fluorophore conjugated monoclonal 
antibodies and mouse IgG1‑FITC (1:5; cat. no. 130098847; 
Miltenyi Biotec GmbH) were used to stain the negative controls. 
Following fixation and permeabilization with Cytofix/Cytoperm 
Buffer kit (BD Pharmingen, San Diego, CA, USA), cells were 
stained with IL‑17A‑PE (1:10; cat. no. 130094521) or IgG1‑PE 
(1:10; cat. no. 130098845; both from Miltenyi Biotec GmbH) 
as negative control. Th17 cells were identified as CD4+ IL‑17+ 

and the frequencies were determined. At least 104‑105 cells were 
acquired and analyzed by FACS Calibur flow cytometer (BD 
Biosciences) and CellQuest software version 6.0.

Autoantibodies on the membrane of BM hematopoietic cells by 
FCM analysis. The positive rates of autoantibodies were tested 
by FCM on granulocytes (CD15+), stem cells (CD34+), nucleated 
erythrocytes (GlyCoA+) using antibodies against CD15‑FITC, 
CD34‑FITC, GlycoA‑FITC (5233893, 6082713 and 5288793; 
1:10; BD Biosciences) and anti‑human IgG‑PE, IgM‑APC 
antibodies (6144699 and 6042621; 1:10; BD  Biosciences). 

As described in our previous study (5) a value of >4.0% was 
defined as positive. From these findings, all the enrolled patients 
with IRH were divided into three groups: i) Untreated patients; 
ii) remission patients with positive FCM results (remission+); 
and iii) remission patients with negative FCM result (remission‑).

Statistical analysis. The SPSS version 21.0 (IBM Co., Armonk, 
NY, USA) was used for statistical analysis. Data are presented 
as mean ± standard deviation. The significance of the differ-
ences was assessed by one‑way analysis of variance, followed 
by multiple post hoc comparisons using the least significant 
difference test for homogeneous variances or Tamhane test 
for non‑homogeneous variances. Correlation between patient 
characteristics was tested using Spearman's rank correlation 
test. P<0.05 was considered to indicate statistically significant 
difference.

Results

Decreased serum level of IL‑35 in peripheral blood samples 
from patients with IRH. All enrolled patients with IRH and 
normal controls serum levels of IL‑35 were detected using a 
standard ELISA. As presented in Fig. 1A, untreated patients had 
significantly lower serum level of IL‑35 (20.59±6.047 pg/ml) 
than the remission patients (30.737±10.6 pg/ml; P<0.01) and 
normal controls (98.45±57.016 pg/ml; P<0.01). Furthermore, 
serum levels of IL‑35 in remission patients were lower than 
normal controls (P<0.01).

Correlation between IL‑35 and clinical data of patients with 
IRH. In order to assess the correlation between serum level of 
IL‑35 and clinical data of the patients, the Spearman's correla-
tion coefficient was performed (Table II). These correlations 
were made only among IRH patients' clinical data and serum 
levels of IL‑35. It is evident that the IL‑35 level was signifi-
cantly positively correlated with hemoglobin concentration, 
white blood cell counts and platelet counts (P<0.01, r=0.620; 
P<0.01, r=0.429). However, it seemed that the IL‑35 concentra-
tion was not associated with neutrocyte count and reticulocyte 
proportion (P=0.92, r=0.055; P=0.632, r=0.045). FCM anal-
ysis was used to identify the frequencies of CD5+CD19+ B cell 
gating on CD19+ B cell population and lymphocyte population. 
Negative correlation was identified between the serum IL‑35 
concentration and the frequencies of CD5+CD19+ B cell gating 

Table I. All primer sequences used in this research.

Gene	 Sense (5'‑3')	 Anti‑sense (5'‑3')

Ebi3	 TCCTTCATTGCCACGTACAG	 GCTCTGTTATGAAAGGCACG
IL‑12p35	 AAACCTCCCCGTGGCCACTCC	 GAAGCATTCAGATAGCTCATCACT
gp130	 GCTGCGAGTTATTACTGGAG	 TTATCATGGCACTCTGTTGAG
IL‑12R‑β2	 AAAGAGGACGAGACACCCAC	 GAAGAGGAGCTTCCAAGACT
RORγt	 CTCCATCTTTGACTTCTCCCACTCCCTA	 CACATGCTGGCTACACAGGCTC
IL‑17a	 CAGATTACTACAACCGAT	 CATGTGGTAGTCCACGTTCC
β‑actin	 TGGACATCCGCAAAGACCTGT	 CACACGGAGTACTTGCGCTCA

EBI3, Epstein‑Barr virus induced 3; IL, interleukin; ROR, RAR‑related orphan receptor.
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on CD19+ B lymphocyte population and gating on lymphocyte 
population and the trend had statistical significance (P<0.01, 
r=‑0.308; P=0.028, r=‑0.295).

From the 43 IRH patients, it is evident in Fig. 1B that 
the untreated group had the lowest IL‑35 concentration 
(20.59±6.047 pg/ml) and there was a significant difference when 
compared with the remission‑ group (31.6352±8.4148 pg/ml; 

P<0.01) than with the remission+ group (29.6624±8.4148 pg/ml; 
P=0.013). Additionally, remission+ group had a lower serum 
level of IL‑35 compared with the remission‑ group but no 
significant difference was identified (P=0.592).

mRNA expression levels of EBI3 and p35. CD4+CD25+ Tregs 
were sorted from 41 IRH patients and 19 normal control 

Table II. Serum level of IL‑35 correlations with clinical blood picture.

	 n	 Median	 Range	 +/‑	 P-value	 r

Hb (g/l)	 43	 89	 41‑149	 +	 0.01	 0.620
WBC (x109/l)	 43	 4	 1.12‑14.96	 +	 0.01	 0.429
N (%)	 43	 51.2	 12.3‑89	 N	 0.92	 0.055
Plt (x109/l)	 43	 40	 6‑149	 +	 0.01	 0.558
Ret (%)	 43	 1.91	 0.4‑3.76	 N	 0.632	 0.045
CD5+CD19+ (%)	 37	 0.77	 0.11‑5.53	‑	  0.028	‑ 0.295
CD5+CD19+/CD19+ (%)	 37	 12.04	 3.29‑38.74	‑	  0.005	‑ 0.308

Hb, hemoglobin concentration; WBC, white blood cell counts; N, neutrocyte proportion; Plt, platelet counts; Ret, reticulocyte proportion; n, 
number of people enrolled; +, positive correlation; ‑, negative correlation; N, no correlation.

Figure 1. (A) Serum level of IL‑35 was from untreated IRH patients (n=18), remission patients (n=25) and normal controls (n=19). (B) Serum level IL‑35 was 
from IRH patients (n=18), remission patients with positive cell membrane antibodies (remission+, n=11) and negative cell membrane antibodies (remission‑, 
n=14) according to the cell membrane antibody results. Relative mRNA expression of (C) EBI3 and (D) p35 in isolated CD4+CD25+ Tregs from untreated 
patients (n=18), remission patients (n=21) and normal controls (n=19) detected by reverse transcription‑quantitative polymerase chain reaction. Level of Tregs 
(CD4+CD25+Foxp3+) in peripheral blood in untreated patients (n=18), remission patients (n=21) of IRH and normal controls (n=19). (E) Level of Tregs in IRH 
patients detected by flow cytometry. (F) Levels of CD4+ T cells in lymphocyte population (G) Level of Tregs in normal control detected by flow cytometry. 
(H) Level of Tregs in CD4+ T lymphocytes. (I) Level of Tregs in lymphocytes. Data were expressed as median and range. *P<0.05, **P<0.01. IL‑35, inter-
leukin‑35; IRH, immune‑related hemocytopenia; EBI3, Epstein‑Barr virus induced 3; Tregs, regulatory T cells; FOXP3, forkhead box P3.
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PBMC. The expression of IL‑35 subsets in Tregs was assayed 
separately. Data are presented as the fold‑change of gene 
expression normalized to the endogenous reference gene. As 
presented in Fig. 1C, the mRNA expression of EBI3 in patients 
with IRH, untreated (n=18) and remission (n=23), were lower 
compared with the normal control (P<0.01). The EBI3 mRNA 
expression in untreated patients was lower than the patients 
in remission; however, this was not statistically significant 
(P=0.124). The p35 mRNA expression in the untreated group 
was evidently the lowest of all the 3 groups (P=0.027 vs. remis-
sion patients; P<0.01 vs. normal control; Fig. 1D). Additionally, 
expression level of p35 in the remission patients was also lower 
than the normal control (P=0.042).

Tregs by FCM analysis in PB. Circulating CD4+ T lympho-
cytes and regulatory T cells were identified by flow cytometric 
analysis of the IRH patients (Fig. 1E) and normal controls 
(Fig.  1G). The level of CD4+ T cells in the lymphocyte 
population of the untreated IRH, remission IRH and normal 

control group was 29.8039±3.8688, 34.1536±4.4754, and 
37.9705±6.047%, respectively (Fig. 1F). All of the IRH patients 
had a significantly reduced level of CD4+ T cells compared 
with normal controls (P<0.01) and the untreated patients 
was even lower than that of the remission ones (P<0.01). 
Level of CD4+CD25+Foexp3+ Tregs in CD4+ T lymphocytes 
of untreated and remission patients was 1.4333±0.7465 and 
1.8592±0.7935%, were lower than that of the normal control 
group (2.7032±0.7539%; P<0.01; Fig. 1H). Additionally, level of 
Tregs in lymphocytes in untreated patients (0.4269±0.2382%) 
and remission patents (0.6389±0.3%) were lower than the of 
normal controls (1.0245±0.3111%; P<0.01; Fig. 1I) and the 
untreated group was lower compared with the remission group 
(P=0.014).

Level of IL‑35 and reduced inhibition on Th17 cells in patients 
with IRH. Th17 cells increased in untreated patients with 
IRH (Fig. 2A and B). The percentage of Th17 (CD4+IL‑17+) 
significantly increased in untreated patients (4.83±2.53%) with 

Figure 2. (A) Level of Th17 cells in patients with IRH detected by flow cytometry. Level of Tregs in (B) normal control and the percentage of (C) Th17 cells in 
CD4+ T lymphocytes. (D) Correlation between the level of Th17 cell and concentration of IL‑35 in patients with IRH. Expression of PB serum level of IL‑17 
determined by ELISA. (E) Serum level of IL‑17 of untreated IRH patients (n=18), remission patients (n=25) and normal controls (n=19). Data were expressed 
as the median and range. (F) Correlation between IRH patient PB serum level of IL‑17 and IL‑35. *P<0.05, **P<0.01. Th17, T helper 17; IRH, immune‑related 
hemocytopenia; Tregs, regulatory T cells; IL, interleukin; PB, peripheral blood.
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IRH compared with normal controls (1.8±0.92%; P<0.01). 
After the treatment, the percentage of Th17 significantly 
decreased (P<0.01), whereas it was still higher than normal 
controls (P=0.036; Fig. 2C). Correlation analysis between the 
percentage of Th17 cells in CD4+ T lymphocytes and serum 
level of IL‑35 revealed a significant negative correlation 
(r=‑0.4785; P<0.01; Fig. 2D).

Upregulated serum level of IL‑17 in untreated patients with 
IRH. Serum level of IL‑17 was determined in all enrolled 
patients. It was determined that untreated patients had signifi-
cantly higher serum level of IL‑17 (273.479±59.7449 pg/ml) 
than the remission patients (206.5586±45.0886 pg/ml; P<0.01; 
Fig. 2E) and normal controls (171.2928±27.6907 pg/ml; P<0.01). 
Additionally, serum level of IL‑17 in remission patients was 
higher than the normal controls (P<0.01). Significant negative 
correlation was identified between the serum level of IL‑17 
and IL‑35 in patients with IRH (r=‑0.553; P<0.01; Fig. 2F).

Mixed‑culture of IL‑35 and CD4+ T lymphocytes. After a 
3‑day incubation in RPMI 1640 medium supplemented with 
15% FBS with group: i) Blank control, group (a); ii) anti‑CD3 
MAbs, anti‑CD28 MAbs, TGF‑β, IL‑6, group (b); and 
iii) anti‑CD3 MAbs, anti‑CD28 MAbs, TGF‑β, IL‑6, IL‑35, 
group (c). The Th17 cells in the three groups were separately 
identified using FCM (Fig. 3A) and the percentage of Th17 
cells in CD4+ T  lymphocytes population was presented 
in Fig. 3B. In group (b) CD4+ T lymphocytes were cultured 
with MAbs and cytokines to promote its differentiation to 
Th17 cells. In group (c) culture medium also contained IL‑35, 
unlike group (b). It is evident that the level of Th17 cells in 

CD4+ T lymphocyte population was the highest in group (b) 
[P=0.044 vs. group (a); P=0.048 vs. group (c)], whereas there 
was no statistical significance between groups (a) and (c) 
(P=0.946).

The mRNA expression levels of IL‑35 receptor subunits, 
including gp130 and IL‑12R‑β2 were separately assayed in 
all 3 groups. Data were presented as the fold change of gene 
expression normalized to the endogenous reference gene. As 
presented in Fig. 3C, the mRNA expression of gp130 was the 
higher in group (c) compared with group (a) (P=0.023). The 
IL‑12R‑β2 mRNA expression was the highest in group (c), 
although there was no statistical significance (P>0.05). The 
mRNA levels of RORγt (an important transcription factor of 
Th17) and IL‑17a were also quantified and were the highest in 
group (b) when compared with the other 2 groups [P=0.032 
vs. group (a); P=0.046 vs. group (c) in RORγt, and P=0.018 vs. 
group (a) and P=0.023 vs. group (c) in IL‑17a].

Discussion

The World Health Organization classification defined idio-
pathic cytopenia of undetermined significance (ICUS) as a 
condition with dysplastic cells of <10% and blasts of <5% in 
BM, which do not fulfill the minimal criteria for myelodys-
plastic syndromes (MDS) (11). After a period of follow‑up, 
some patients with ICUS were diagnosed as MDS. However, 
there is still a subset of patients who do not fulfill the criteria 
for MDS or other diseases even after a thorough follow‑up 
time (12). Our previous study (5) tested IgM and IgG anti-
bodies on various bone marrow cells membrane of various 
bone marrow cells of patients with ICUS by BMMNC‑Coombs 

Figure 3. (A) Levels of Th17 cells in the 3 groups; (B) level of Th17 cells in CD4+ T cells population. (C) mRNA expression levels of gp130, IL‑12R‑β2, 
RORγt, and IL‑17a obtained using reverse transcription‑quantitative polymerase chain reaction. *P<0.05. group (a), blank control; group (b), anti‑CD3 MAbs, 
anti‑CD28 MAbs, TGF‑β, IL‑6; group (c), anti‑CD3 MAbs, anti‑CD28 MAbs, TGF‑β, IL‑6, IL‑35. Th17, T helper 17; IL, interleukin; ROR, RAR‑related 
orphan receptor; TGF, transforming growth factor.
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test, FCM and immunofluorescence analysis and determined 
that some patients had autoantibodies that lead to the immune 
dysfunction resulting in the destruction of BM hematopoietic 
cells and leading to hemocytopenia, which we termed as 
IRH. It is a type of hemocytopenia regarded as an autoim-
mune disease caused by unknown autoantibodies, which may 
suppress bone marrow hematopoietic cells, finally lead to the 
clinical manifestation of different degrees of anemia, bleeding 
and infection (4,5).

The IL‑12 family is important in autoimmune diseases. 
IL‑12 and IL‑23 are involved in pro‑inflammatory response. 
The two occur primarily via IFN‑γ and IL‑17 production that 
have a role in several autoimmune diseases such as type 1 
diabetes (13,14) autoimmune hepatitis (15,16), autoimmune 
thyroiditis  (17,18) rheumatoid arthritis  (19,20) ulcerative 
colitis (21) and CNS inflammatory demyelination (22). IL‑27 
contributes to anti‑inflammatory activities and pro‑inflam-
matory responses. Therefore, these diseases may represent 
potential targets for immunotherapeutic approaches based 
on IL‑23, IFN‑γ or IL‑17 antagonists or an IL‑27 agonist. 
Anti‑IL‑12/IL‑23 monoclonal antibody, such as ustekinumab 
has already been used for the treatment of inflammatory bowel 
disease (23). Additionally, a previous study has been exten-
sively researched in animal and clinical trials that monoclonal 
antibody targeting IL‑17A may be used for the treatment of 
autoimmune diseases (24). For example, secukinumab, which 
has already been used for managing plaque psoriasis in clinical 
practice, may selectively bind to IL‑17A molecule and prevents 
the interaction with target receptors (25).

IL‑35 is the newest member of IL‑12 family. It is a heterodi-
meric cytokine that involves two subunits which can be also 
seen in IL‑12 (p35) and IL‑27 (EBI3) and is termed a definite 
immunosuppressor with a high potent of suppression (26,27). 
T cells (Th1, Th17) may be suppressed via cell cycle termina-
tion in the G1 phase. Th1 and Th17 cells may be suppressed 
via cell cycle termination, not apoptosis (28). A previous study 
also used an intravitreal injection of pcDNA3.1‑IL‑35 plasmid 
into the vitreous cavity of BALB/c mice that boosted the 
proliferation of Tregs by increasing the expression of IL‑10 
and TGF‑β (29). Furthermore, recombinant IL‑35 facilitated 
the function of natural Treg in vitro and reduced the levels of 
proinflammatory cytokines, such as IL‑17 and IFN‑γ (30,31). 
Therefore, IL‑35 may occur in type1 cytokine/type 17 and 
type 2 immune‑inflammatory diseases.

The present study assessed the serum levels of IL‑35 in 
patients with IRH and normal controls. Although some of 
the findings were close to the detectable dose of the ELISA 
kit used and results may be influenced by the blocking of 
the tested antigen binding site or other cytokines, due to the 
limitations of this method, it is evident that the IL‑35 level 
was significantly reduced in patients with IRH compared to 
healthy controls. Additionally, IL‑35 level in the untreated 
group was lower than the remission group. It is of note that the 
serum level of IL‑35 was positively correlated with hemoglobin 
concentration, white blood cell and platelet counts. FCM was 
used to detect the level of CD5+CD19+ B cell gating on CD19+ 
B lymphocyte population and lymphocyte population. There 
was a negative correlation between IL‑35 level and level of 
CD5+CD19+ B cell and BMMC autoantibodies have been iden-
tified to be produced by CD5+CD19+ B cell. As all the clinical 

data and hematological parameters are associated with the 
progression of IRH (6), IL‑35 may be a biomarker reflecting 
the activity of IRH and involved in the pathogenesis of IRH. 
Patients with positive BMMC membrane autoantibodies had 
lower levels of IL‑35 than remission patients with negative 
BMMC membrane autoantibodies. These findings suggested 
that IL‑35 may be involved in the pathogenesis of IRH and 
could be used to predict factors for response of treatment with 
corticosteroids or high‑dose IVIG treatment in IRH.

The cause of the decrease of IL‑35 level in IRH may be 
the lower level of Tregs in the patients. Foxp3 has a central 
role in the differentiation and maintenance of Treg cells. It 
been previously established that IL‑35 is produced primarily 
by Treg (32). As FoxP3 is a nuclear protein, assessment of its 
expression in T cells requires fixation and permeabilization of 
the cells. Using FCM, the present study determined that the 
level of Treg was significantly reduced in patients with IRH.

A previous study revealed that the mRNA expressions of 
the IL‑35 subunits (EBI3 and IL‑12p35) were reduced in CD4+ 
T cells in allergic asthmatics (33) and increased in chronic 
hepatitis B virus‑infected patients (34,35) when compared with 
normal controls. Conversely, using phased joint embolization in 
patients with portal hypertension caused by liver cirrhosis may 
reduce the protein and mRNA expression levels of IL‑35 (36). 
Using cell sorting techniques and RT‑qPCR the present study 
determined the mRNA levels of IL‑35 subunits (EBIi3, p35) 
in CD4+CD25+ T cells, finding them both decreased in IRH 
patients compared with the normal controls. This indicated 
the low expression of IL‑35 in CD4+CD25+ T cells. However, 
as Foxp3 was not the biomarker used while sorting Tregs, the 
lower mRNA expression of IL‑35 subunits (EBI3, p35) may 
be associated with the lower level of CD4+CD25+ that Foxp3 
cells.

Foxp3−/−Tconv(conventional CD4+Foxp3− T cells) cells 
have already been identified to be converted to IL‑35 iTR 
which express IL‑35 and mediate suppression in a manner 
indistinguishable from their wild type counterparts (37). In 
addition, iTR35 cells do not express Foxp3 following in vivo 
inoculation (38). The iTR35 cell may be suppressive and stable 
without the expression of Treg transcription factor Foxp3. 
These types of cells have a positive feedback association with 
IL‑35, as IL‑35 suppresses T cell proliferation and converts 
naïve T cells into IL‑35‑producing iTR35 (37,38). The lack of 
IL‑35 may lead to the lack of iTR35, which may also lead to the 
low expression of EBI3 and p35 mRNA in CD4+CD25+ Tregs.

It has been previously reported that IL‑35 may inhibit the 
differentiation of CD4+ T lymphocytes to Th17 cells (1). The 
present study determined that the IL‑17 serum level in patients 
with IRH was higher than that in normal control patients, 
and it had a negative correlation with the serum level of 
IL‑35. Additionally, the CD4+ T lymphocytes were sorted and 
cultured with anti‑CD3 MAbs, anti‑CD28 MAbs, TGF‑β, IL‑6 
to promote Th17 cell differentiation (39‑41) and with IL‑35 to 
determine its effect on Th17 cell differentiation. The findings 
revealed a lower Th17 level and reduced mRNA expression of 
RORγt, IL‑17A when IL‑35 was added to the mixed‑culture 
system. This demonstrated that IL‑35 may inhibit Th17 cell 
differentiation.

A previous study demonstrated that the hyperfunction of 
Th17 cells may lead to IRH (8). However, the present study may 
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have elucidated an additional reason for Th17 cell hyperfunc-
tion: That decreased level of IL‑35 can lead to the hyperfunction 
of Th17 and this decrease may be the pathogenesis of IRH. A 
previous study had determined that Listeria monocytogenes 
use IL‑27/EBI3 to escape Th17‑mediated immune surveil-
lance in IL‑12p35‑deficient mice (42). IL‑35 signals have been 
identified to encompass three receptor subunits comprising 
IL‑12R‑β2‑IL‑12R‑β2, IL‑12R‑β2‑gp130, and gp130‑gp130 
which activate STAT1 and STAT4 molecules (43‑45). Previous 
studies have revealed that IL‑27‑mediated suppression of human 
Th17 cells was associated with the activation of STAT1 (46,47) 
and IL‑27 shares the same subunit EBI3 with IL‑35. However, 
whether IL‑35 used the same pathway for suppression of Th17 
cell differentiation remains to be elucidated and the mechanism 
of IL‑35 inhibiting Th17 cell differentiation requires further 
investigation. In conclusion, the present study primarily deter-
mined that IL‑35 may be a monitoring indicator of progression 
of IRH and a new therapeutic target for IRH in the future.

Due to its immunosuppressive roles in autoimmunity and 
inflammation, IL‑35 has a pivotal role in controlling effector 
immunity and may constitute a treatment target in autoim-
mune diseases. In previous studies on several autoimmune 
diseases have yielded encouraging results upon IL‑35 treat-
ment in animal models. For example, significant remissions of 
histopathological characteristics of lupus flare and nephritis 
were observed in MRL/lpr mice (48), alleviations in synovial 
hyperplasia, cartilage and bone erosion, and fibroblast‑like 
synoviocytes growth were observed in collagen induced 
arthritis mice  (2,49). However, its signaling pathway and 
further clinical use remain to be fully elucidated.
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