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Abstract

Background: Immunological mechanisms are increasingly recognized in the progression of myelodysplastic syndrome
(MDS). Early-stage MDS (E-MDS) is characterized by autoimmune-mediated myelosuppression whereas late-stage MDS (L-
MDS) involves immune evasion, giving dysplastic cells growth potential to progress into acute myeloid leukemia. T-helper
(Th) 22 is involved in the pathogenesis of inflammatory autoimmunity and tumorigenesis. The roles of Th22 cells in the
pathophysiology of E-MDS and L-MDS remain unsettled.

Design and Methods: We studied 37 MDS patients (E-MDS, n=17; L-MDS, n=20) and 20 healthy controls to characterize
their peripheral blood (PB), as well as 25 MDS patients and 10 healthy controls to characterize their bone marrow(BM). The
expression of Interleukin-22 (IL-22), IL-17 or interferon gamma (IFN-y) was examined in E-MDS, L-MDS patients and controls
by flow cytometry. The mRNA expression levels of RAR-related orphan receptor C (RORC), IL-6, tumor necrosis factor alpha
(TNF-a) and IL-23 in peripheral blood mononuclear cells (PBMCs) were determined by real-time quantitative polymerase
chain reaction. The levels of IL-22 and IL-17 both in PB and BM plasma were examined by enzyme-linked immunosorbent
assay.

Results: In E-MDS, peripheral Th17 cells were significantly elevated and correlated with peripheral Th22 cells compared with
healthy controls and L-MDS. Significantly higher levels of peripheral Th22 expansion, mRNA expression of IL-6, TNF-a and
lower level of RORC mRNA expression were observed in L-MDS compared with E-MDS. No statistical difference was found in
IL-23 mRNA expression or plasma IL-22, IL-17 levels among E-MDS, L-MDS and controls.

Conclusions: Our data demonstrated that L-MDS cohort had increased frequencies of peripheral Th22 cells and higher
mMRNA expression levels of IL-6 and TNF-¢, indicating that Th22 cells along with Th17 cells or not are involved in the dynamic
immune responses of MDS.
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Recently, a separate CD4" T-cell subset was identified on the
basis of cytokine interleukin(IL)-17 [4]. This subset was subse-
quently named T-helper cell typel7 (Thl7), expressing the
lineage-specific transcription factor retinoic acid receptor-related
orphan receptor C (RORC) [5]. Since then, Th17 cells have

Introduction

Primary myelodysplastic syndrome (MDS) encompasses a
heterogeneous group of clonal hematopoietic stem-cell disorders,
characterized by ineffective hematopoiesis and an increased

probability of developing acute leukemia. Autoimmune-mediated
myelosuppression and immune evasion of malignant clone are
increasingly recognized in the process of MDS. Clinical responses
to immunoregulatory therapy and findings of expanded clonal T
lymphocytes have led to the speculation that both CD4" helper
and CD8" cytotoxic T cells are involved in the immunological
pathophysiology of MDS [1,2,3].
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entered the limelight because of their comprehensive involvement
in inflammations [6]. IL-17A, a representative Th17 cytokine, has
been described in various models of immune-mediated tissue
injury, including rheumatoid arthritis, lupus, myeloma as well as
others likely to be defined. Though Kordasti and colleagues
recently showed the increased number of peripheral Th17 cells in
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low risk MDS [7],the mechanism of cellular immune abnormal-
ities remains unclear.

Th22, capable of secreting 1L-22 and tumor necrosis factor
alpha (TNF-a), is a new subset of T cells clearly separated from
other known Th cells [8]. This subset expresses none of interferon
(IFN)-y, IL-17 cytokine, or respectively associated transcription
factors T-bet and RORC [9]. Promoted by IL-6 and TNF-a, aryl
hydrocarbon receptor (AHR) activation participates in priming
human naive CD4" T cells to Th22 subset [8,10]. Th22 cells have
been found within the epidermal layer in prominence and
regulating epidermal responses in inflammatory skin diseases
[8]. In addition, Zhuang et al. have described a preferential
expansion of Th22 cells which contribute to gastric cancer
progression [11]. These data support the contention that Th22
cells are involved in the pathophysiology of autoimmunity and
tumorigenesis.

1L-22 belongs to the IL-10 family of cytokines and is primarily
secreted by activated Th22 cells [12]. The expression of IL-22 in
cancers and autoimmune disorders is various, with IL-17 as
siblings but not twins regarding their biological characteristics. I1L-
22 was up-regulated in skin pathology and anaplastic lymphoma
kinase positive anaplastic large cell lymphoma, providing signaling
directionality from the immune system to targeted tissue-resident
cells [12,13,14]. Meanwhile, it was down-regulated in systemic
lupus erythematosus [15]. However, within disorders such as
inflammatory bowel disease (IBD), IL-22 played either protective
or pathogenic role in discrepant induction by naive and memory/
effector cells [16,17].

Up to now, no data exist with regard to Th22 cells and their
association with Th17 or Thl in MDS patients. To investigate
possible roles of the above in the pathophysiology of MDS, we
measured the percentages of peripheral Th22, Th17, Thl, mRNA
expression levels of RORC, IL-6, TNF-o and IL-23 in peripheral
blood mononuclear cells (PBMCis) as well as cytokine level of 1L-22
or IL-17 in peripheral blood (PB) and bone marrow (BM), and
evaluated their relevance.

Materials and Methods

Ethics Statement

Our research has been approved by the Institutional Review
Boards of Qilu Hospital of Shandong University. A written
informed consent document has been obtained from each
participant. The informed consent stated that the excess of
peripheral blood for Flow Cytometry - Clinical Diagnostics or
unused portion of bone marrow for Fluorescence in situ
hybridization (FISH) - Clinical Diagnostics was the sample source
of our research. The peripheral blood drawn from healthy subjects
and bone marrow drawn from hematologically normal individuals
undergoing orthopedic femoral surgery for this research was
voluntary.

Patients and Controls

A total of 54 patients (15 females and 39 males; mean age
52.6%15.4 years) with MDS according to the World Health
Organization (WHO) classification [18] were recruited in this
study. All patients were treatment-naive or had no medical
interventions for at least 3 months when sampling. Twenty age-
matched healthy PB donors (6 females and 14 males; mean age
51.0%15.9 years) were also included in the study. Ten hemato-
logically normal age-matched individuals (3 females, 7 males;
mean age 53.1%=11.8 years) were used as BM controls. Enrollment
took place between March 2011 and May 2012 in the Department
of Hematology of Qilu Hospital, Shandong University, China.
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FISH was performed to record cytogenetic karyotype regarding
5q31, 5q33, CEP7, 7q31, CEP8, 20q and CEPY. The patients
were further divided into two subgroups based on International
Prognostic Scoring System (IPSS) score [19], early-stage MDS (E-
MDS, low/intermediate-1 risk, n=29) and late-stage MDS (L-
MDS, intermediate-2/high risk, n = 25). 5% BM blasts was chosen
as the cut-off value delimiting fifty-six percent of MDS patients
<5% and forty-four percen t =5%. The demographic and key
clinical features of MDS patients are listed in Table 1.

Preparation of Peripheral Blood Mononuclear Cells, Blood
and Bone Marrow Plasma

Peripheral whole blood was collected from 37 patients (E-MDS,
n=17; L-MDS, n = 20) while bone marrow were drawn from 25
cases. Plasma was obtained by centrifugation of heparinized
peripheral blood and stored at —80°C for cytokine analysis.
Peripheral blood mononuclear cells (PBMCs) were isolated from
EDTA anticoagulated blood by gradient centrifugation (400 g, 20
minutes) using Ficoll-Paque (Pharmacia Diagnostics) and stored at
—80°C for RNA isolation.

Flow Cytometric Analysis

Intracellular cytokines were studied by flow cytometry to reflex
the cytokine-producing cells. Briefly, heparinized peripheral whole
blood (400 pl) with an equal volume of Roswell Park Memorial

Table 1. Demographic and clinical characteristics of MDS
patients.

Characteristics value

No. of patients 54

Agely) 52.6+15.4

Sex(male/female) 39/15

IPSS risk group, n(%)

E-MDS: Low+Intermediate-1 29 (53.7%)

L-MDS: Intermediate-2+ High 25 (46.3%)

WHO MDS category, n(%)

Unknown 15(27.7%)

RCUD 13(24.1%)

RARS 1(0.2%)

RCMD 2(3.7%)

RAEB-1 6(11.1%)

RAEB-2 13(24.1%)

MDS/MPD 2(3.7%)

CMML-1 1(0.2%)

CMML-2 1(0.2%)

BM blasts, n(%)

<5 30(55.6%)

=5 24(44.4%)

IPSS karyotype, n(%)

Favorable 33(61.1%)

Intermediate 12(22.2%)

Unfavorable 9(16.7%)

Abbreviations: BM, bone marrow; n, number; RCUD, refractory cytopenia with
unilineage dysplasia; RARS, refractory anemia with ring sideroblasts; RCMD,
refractory cytopenia with multilineage dysplasia; RAEB, refractory anemia with
excess blasts; CMML, chronic myelo-monocytic leukemia.
doi:10.1371/journal.pone.0051339.t001
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Institute 1640 medium was incubated for 4h at 37°C, 5% CO, in
the presence of 25 ng/ml of phorbol myristate acetate (PMA),
1 pg/ml of ionomycin, and 1.7 pg/ml Golgiplug (monensin; all
from Alexis Biochemicals, San Diego, CA, USA). PMA and
ionomycin are pharmacological T-cell-activating agents that
mimic signals generated by the T-cell receptor (TCR) complex
and have the advantage of stimulating T cells of any antigen
specificity. Monensin was used to block the intracellular transport
mechanisms, thereby leading to an accumulation of cytokines in
the cells. After incubation, cells were stained with PE-Cy5-
conjugated anti-CD4 monoclonal antibody at room temperature
in the dark for 20 min. The cells were next stained with FITC-
conjugated anti-IFN-y monoclonal antibody, PE-conjugated anti-
IL-17 monoclonal antibody, and APC-conjugated anti-IL-22
monoclonal antibody after fixation and permeabilization. All
antibodies above were from eBioscience (SanDiego, CA, USA).
Isotype controls were given to enable correct compensation and
confirm antibody specificity. Stained cells were analyzed by flow
cytometric analysis using a FACS Calibur cytometer equipped
with CellQuest software (BD Bioscience PharMingen).

Determination of the Expression of RORC, IL-6, TNF-o, IL-
23 mRNA

TRIzol reagent (Invitrogen) was used to isolate total RNA of
PBMCs. RNA was converted into cDNA using the PrimeScript
RT reagent kit (Perfect Real Time; Takara) according to the
manufacturer’s instructions. Real-time polymerase chain reaction
(PCR) was performed for RORC, IL-6, TNF-o, IL-25 and the
endogenous control (f-actin) on an ABI 7500 Real-time PCR
System (Applied Biosystems) using SYBR Green (Toyobo) as a
double-strand DNA-specific binding dye. The primers for all
mRNA arrays were intron spanned. The PCR reactions were
cycled 40 times after initial denaturation (95°C, 5 minutes) with
the following parameters: denaturation at 95°C for 15 seconds,
annealing at 65°C (RORC, f-actin)/62°C(IL-6, TNF-o, IL-23, B-
actin)for 15 seconds, extension at 72°C for 45 seconds. The primers
are shown as follows: RORC forward: TTT TCC GAG GAT
GAG ATT GC; reverse: CTT TCC ACA TGC TGG CTA CA;
IL-6 forward: TTC TCC ACA AGC GCC TTC GGT CCA,
reverse: AGG GCT GAG ATG CCG TCG AGG ATG TA;
TNF-0 forward: CGA GTG ACA AGC CTG TAG C, reverse:
GGT GTG GGT GAG GAG CAC AT; IL-23 forward: GCA
GAT TCC AAG CCT CAG TG, reverse: TTC AAC ATA TGC
AGG TCC CA; f-actin forward: CCT TCC TGG GCA TGG
AGT CCT G, reverse: GGA GCA ATG ATC TTG ATC TTC.
The amplification efficiency of the PCR products was calculated
using Applied Biosystems System software. Target gene concen-
trations were expressed relative to the number of B-actin
transcripts used as the reference control. All experiments were
conducted 1in triplicate.

IL-22 and IL-17 Enzyme-Linked Immunosorbent Assay
(ELISA)

PB and BM were collected into heparin-anticoagulant vacutai-
ner tubes. Plasma was obtained by centrifugation and stored at
—80°C for determination of cytokines. IL-22 and IL-17 levels
were determined with a quantitative sandwich enzyme immuno-
assay technique in accordance with the manufacturer’s recom-
mendations (lower detection limit 9 pg/ml; eBioscience).

Statistical Analysis

Results were expressed as mean = SD or median (range).
Comparisons between two groups were assessed by the non-paired
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t-test or the Wilcoxon rank-sum test to compare parametric and
non-parametric data respectively. Statistical significance among
three groups was determined by ANOVA, and difference between
any two groups was determined by Newman-Keuls multiple
comparison test (q test) unless the data were not normally
distributed, in which case Kruskal-Wallis test (H test) and
Nemenyi test were used. The Pearson or Spearman correlation
test was used for correlation analysis depending on data
distribution. All tests were performed by SAS 9.1 system. P value
less than 0.05 was considered statistically significant.

Results

Elevated Circulating Th22 Cells in MDS Patients

We analyzed the frequency of peripheral Th22 based on
cytokine patterns after in vitro stimulation by PMA plus
ionomycin in short-term cultures. The expression of a typical
dot plot of circulating Th22 (CD4'1L-22*1L-17 IFNy ) cells in
representative MDS patients and healthy controls (HC) is shown
in Fig. 1 H, I, J. Compared with HC, the percentage of peripheral
Th22 cells was significantly increased in MDS patients
(0.71%0.17% wvs. 1.55%£0.74%, P<0.0001). The percentage of
peripheral Th22 cells in E-MDS is higher than that in
controls(1.27£0.50% vs. 0.71%20.17%, P=0.002). Also a signifi-
cant increase was shown in L-MDS compared with E-MDS
patients (1.77+0.84% vs. 1.27+0.50%, P=0.03) (Fig. 2C). The
levels of IL-22 in PB and BM were measured by ELISA. No
significant difference of PB IL-22 level between MDS patients
(median, 22.64 pg/ml; range, 16.02-54.66) and normal controls
(median, 23.86 pg/ml; range, 14.05-36.49) was observed, consis-
tent with BM findings (Fig. 3 A, C). No correlation was found
between peripheral Th22 cells and circulating IL-22 in MDS
patients. Meanwhile, peripheral Thl and Th17 cells failed to show
a statistical correlation with circulating level of IL-22 in our
present research.

Elevated Circulating Th17 Cells in E-MDS Patients

The frequency of Thl7 cells (CD4'IL-17") was profoundly
increased in MDS patients compared to healthy controls
(1.64%1.04% vs. 0.97£0.29%, P=0.002). Further on, a signifi-
cant increase of peripheral Th17 cells was seen in E-MDS(median,
1.90%; range, 0.58-6.01%)compared with L-MDS(median,
1.16%; range, 0.15-1.86%)P=0.002) (Fig. 1 B, C, D and
Fig. 2A). When compared to HC, E-MDS patients but not L-
MDS ones, had a distinctly greater median percentage of
committed Th17 cells among peripheral CD4+ cells (£=0.002
vs. P=0.34) (Fig. 2A). However, there was no marked difference
regarding peripheral IL-17 between MDS patients (median,
25.1 pg/ml; range, 16.9-50.1) and HC (median, 22.4 pg/ml;
range, 17.9-37.0; P=0.74) (Fig. 3B). No significant difference of
IL-17 level was shown between BM and matched PB (£>0.05)
(Fig. 3D). No correlation was identified between peripheral Th17
frequency and circulating IL-17 level.

For peripheral Thl cells, no significant difference was observed
between MDS patients and HC (median, 9.65%; range, 6.16—
21.08% vs. median, 9.06%; range, 6.01-14.02%) in this study
(Fig. 1 E, F, G and Fig. 2B).

MRNA Expression Levels of RORC, IL-6, TNF-o. and IL-23 in
E-MDS, L-MDS Cohort and Controls

RORC, the key transcription factor directing Thl7 lineage
commitment, was determined by real-time PCR. Our result
demonstrated that RORC transcript was notably higher in
PBMCis of E-MDS patients, consistent with the flow cytometry
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Figure 1. Circulating percentages of Th17, Th1 and Th22 cells in representative healthy controls, E-MDS and L-MDS patients.
Heparinized peripheral whole blood from 37 MDS(E-MDS, n=17; L-MDS, n=20)patients and 20 healthy PB donors were stimulated with phorbol
myristate acetate, ionomycin, and monensin for 4 h, and then stained with labeled antibodies for FACS analysis. (A) Lymphocytes were gated by flow
cytometry. (B, C, D) Representative FACS dot plots of circulating Th17 (CD4IL-17%) cells from healthy controls, E-MDS and L-MDS patients. (E, F, G)
Representative FACS dot plots of circulating Th1 (CD4*IFNy") cells from healthy controls, E-MDS and L-MDS patients. (H, I, J) Representative FACS dot
plots of circulating Th22 (CD4*IL-22*IL-17"IFNy~ ) cells from healthy controls, E-MDS and L-MDS patients. Numbers in plots indicate relative

percentages per quadrant.
doi:10.1371/journal.pone.0051339.g001

data. The relative amount of RORC mRNA in E-MDS patients
was increased 4.7- and 3.3-fold compared with healthy controls
(HC) and L-MDS patients (P=0.0007; P=0.002, respectively)
(Fig. 4A).

In view of increased frequencies of Th22 cells in L-MDS and
Th17 cells in E-MDS, we also determined the mRNA expression
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levels of regulatory factors IL-6, TNF-o and IL-25 in MDS patients
and controls. The relative amount of mRNA of /L-6 in L-MDS
patients was 2.4-(P<<0.05) and 5.3-fold (P<<0.001) of that in E-
MDS patients and healthy controls, respectively (Fig. 4B). TNF-o
mRNA level was also present at higher levels in L-MDS compared
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with E-MDS and controls (3.5-fold, P<<0.05 and 10.6-fold,
P<0.005, respectively) (Fig. 4C).

IL-23 is a heterodimeric cytokine consisting of two subunits:
p40, which is also a component of IL-12, and pl9, a unique
subunit of IL-23. So we examined IL-23p19 mRNA expression as
representative of IL-23. Quantitative real-time PCR analysis
showed that there was no significant difference in /L-23p19 mRNA
expression levels among E-MDS, L-MDS and healthy controls
(P>0.05) (Fig. 4D).

Correlation between Th22, Th17, and Th1 Cells in MDS
PATIENTS

In E-MDS patients, a significantly positive correlation was
found between peripheral Th22 cells and Thl7 cells (r=0.675,
P=0.004, Pearson correlation analysis) while no statistical
obtained in L-MDS patients (r=0.138,
P=0.610, Spearman correlation analysis). Peripheral Th22 cells

correlation  was

Th22 and Th17 Cells in Different Stages of MDS

Clinical Relevance of Peripheral Th22, Th17 and
Circulating IL-22 in MDS Patients

Peripheral Th17 percentage significantly increased in BM blasts
<5% patients compared with healthy donors (1.76+0.80% wvs.
0.98%+0.30%, P=10.003), while no significant difference was seen
between BM blasts =5% patients and healthy donors
(1.38£0.80% vs. 0.98%0.30%, P>0.05) or between blasts =5%
and <5% patients (1.3820.80% wvs. 1.76%0.80%, P>0.05)
(Fig. 2D). As for the correlations between peripheral Th22
frequency and the levels of three kinds of blood cells in MDS
patients, no significant differences were found.

Discussion

The presence of immune reactions against hematopoietic cells
in MDS patients has crystallized as specific cell subsets and
cytokines turmoil have been found as indispensable components of

showed no significant correlation with peripheral Thl (P=0.053). MDS pathophysiology. Th17, a new CD4" T cell lincage that
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Figure 2. Circulating percentages of Th17 cells, Th1 cells, and Th22 cells in MDS. (A) Circulating percentages of Th17 (CD4" IL-17") cells
from healthy controls, E-MDS and L-MDS. Significantly increased percentage of Th17 cells was found in E-MDS patients (median, 1.90%; range, 0.58—
6.01%) compared to L-MDS (median, 1.16%; range, 0.15-1.86%) (*P=0.002) or healthy controls (median, 1.01%; range, 0.55-1.69%) (*P =0.002). (B)
Circulating percentages of Th1 (CD4*IFNy*) cells from healthy controls, E-MDS and L-MDS. There was no significant difference between E-MDS
(median, 9.65%; range, 6.16-21.08%) patients and L-MDS (median, 8.41%; range, 2.59-15.23%) or healthy controls (median, 9.06%; range, 6.01-
14.02%). (C) Circulating percentages of Th22 (CD4" IL-22" IL-177IFNy~ ) cells from healthy controls, E-MDS and L-MDS. Significantly elevated
percentage of Th22 cells was found in L-MDS patients (1.7720.84%) compared to E-MDS (1.27+0.50%) (*P =0.03) and healthy controls (0.71+0.17%)
(¥*P<<0.0001). Obviously increased percentage of Th22 cells was shown between E-MDS and healthy controls (*P=0.002). (D) Circulating percentages
of Th17 cells from healthy controls, bone marrow (BM) blasts <5% and blasts =5% patients. The circulating percentages of Th17 cells remained
significantly higher in blasts <5% compared with healthy donors. (*P=0.003).

doi:10.1371/journal.pone.0051339.9002
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36.00 pg/ml, P>0.05) or L-MDS patients (median, 23.37 pg/ml; range, 17.00-54.66 pg/ml, P>0.05) and healthy controls (median, 23.86 pg/ml; range,
14.04-36.49 pg/ml, P>0.05). (B) Concentrations of IL-17 in PB plasma from healthy controls, E-MDS and L-MDS patients. No significant difference was
found between E-MDS (median, 22.32 pg/ml; range, 19.13-50.11 pg/ml, P>0.05) or L-MDS (median, 25.39 pg/ml; range, 17.86-46.31 pg/ml, P>0.05)
patients and healthy controls (median, 25.11 pg/ml; range, 16.87-37.00 pg/ml, P>0.05).(C)Concentrations of IL-22 in BM plasm from healthy controls,
E-MDS and L-MDS patients. There was no significant difference between E-MDS (median, 40.34 pg/ml; range, 11.08-101.33 pg/ml, P>0.05) or L-MDS
patients (median, 30.68 pg/ml; range, 23.86-49.43 pg/ml, P>0.05) and healthy controls (median, 33.59 pg/ml; range, 20.93-61.74 pg/ml, P>0.05). (D)
Concentrations of IL-17 in BM plasm from healthy controls, E-MDS and L-MDS patients. No significant difference was found between E-MDS (median,
25.68 pg/ml; range, 20.96-83.13 pg/ml, P>0.05) or L-MDS patients (median, 23.48 pg/ml; range, 20.49-31.80 pg/ml, P>0.05) and healthy controls
(median, 31.99 pg/ml; range, 25.11-66.37 pg/ml, P>0.05).

doi:10.1371/journal.pone.0051339.g003

preferentially produces IL-17, has been described to be involved in
various autoimmune diseases. Currently, there are two reports
addressing discrepant ideas that Th17 cells operate to regress or
enhance leukemic progression of MDS [7,20]. Compared with the
well-known Thl, Th2 and Thl17 subset,another distinct CD4" T
cell lineage, capable of secreting IL-22 but not IL-17 or IFN-y,
has been denoted as Th22 subset [9,12]. Although previous studies
have indicated that IL-22 secreted by Th22 participates in certain
tumorigenicity and autoimmunity [14,21], it is not clear whether
they are involved in MDS yet.

To study whether Th22 subset is compromised in the process of
MDS, the percentages of peripheral Th22 cells in MDS patients
and healthy controls were determined. Our results demonstrated
that the percentage of peripheral Th22 subset (defined as CD4 TL-
22'TL-17"IFNy~) was markedly elevated in MDS patients
compared with healthy donors, and notably higher in L-MDS
than in E-MDS. These results indicated that Th22 might be more
involved in the immune evasion of MDS contributing to disease
progression. Facts provided by advanced studies of Th22 cells in
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infection, inflammation, autoimmunity and cancer suggest that
Th22 may play a biphasic role varying on the focal microenvi-
ronment [8,11]. With respect to disordered immune function in
preleukemic states, E-MDS and L-MDS can be considered as two
separate entities. The former is characterized by excessive
apoptotic activity with autoimmune assault in the bone marrow
whereas the latter involves decreased apoptotic indices and
dramatic suppression of host anti-tumor responses, giving
dysplastic cells the growth potential to progress into acute myeloid
leukemia [22,23]. In our present study, increased Th17 cells have
been advocated in E-MDS in a pattern reminiscent of autoim-
munity, backed up by an analogous result from Mufti’s group [7].
Different from previous report [20], we found elevated RORC
mRNA expression level in peripheral blood of E-MDS patients
compared with normal controls and L-MDS patients, suggesting
that the differentiation of Thl7 cells takes part in E-MDS
pathophysiology specifically. In our present study, no significant
difference of IL-17 concentration whether in the BM or PB among
E-MDS patients, L-MDS patients, or healthy controls was found.
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Figure 4. The ratio of RORC, IL-6, TNF-, IL-23 mRNA in healthy controls and MDS patients. (A) The ratio of RORC mRNA in E-MDS patients
compared with that of healthy controls or L-MDS was 4.7 (*P=0.0007) or 3.3 (*P=0.002), respectively. (B) The ratio of IL.-6 mRNA in L-MDS patients
compared with that of healthy controls or E-MDS was 5.3 (*P=0.0001) or 2.4 (*P=0.037), respectively. (C) The ratio of TNF-o. mRNA in L-MDS patients
compared with that of healthy controls or E-MDS was 10.6 (*P=0.002) or 3.5 (*P =0.049), respectively. (D) IL.-23p19 mRNA expression level among E-
MDS, L-MDS and healthy controls was comparable (P>0.05). Bars represent SD.

doi:10.1371/journal.pone.0051339.9g004

Although IL-23 signaling is dispensable for Th17 commitment, it
induces IL-17 production as one of the essential cofactors [24].
Our present study regarding IL-23 mRNA expression level did not
show the difference between E-MDS, L-MDS and controls. Along
with previous studies regarding the serum level of 1L-23 [7], we
speculate that the unaltered IL-17 level vs. elevated Th17 cells in
E-MDS attributes to IL-23 insufficiency.

In our study, there existed a positive correlation between
peripheral Th22 and Thl17 subset in E-MDS patients, implying
that differentiation of Th22 and Th17 cells may be induced in an
influential manner in E-MDS. Co-existence of Th22 and Th17
cells along with pro-inflammatory cytokines leads to a dramatic
increase in the overexuberant inflammatory immune reaction [8].
Such functional synergism may happen in the persistent low-level
mnflammatory state of E-MDS in which elevated levels of pro-
apoptotic cytokines, low regulatory T-cells (Tregs) number and
increased natural killer (NK) cytotoxicity against hematopoiesis are
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widely recognized features [25,26,27]. On the other hand, L-
MDS, a disease stage progressing towards AML with additional
genetic lesions, is characterized by increased numbers of Tregs
[28], dysfunctional NK cells [29] and higher immunoinhibitory
molecule B7-HI1 expression on MDS blasts [22], resulting in
immune evasion of the malignant clone. Stimulation of IL-6 plus
TNF-o could promote Th22-cell differentiation from CD4" T cells
[30]. Both TNF-a and IL-6 have been detected excessively
expressed in the sera of patients with high risk MDS [31]. Our
data demonstrated that L-MDS patients had increased /L-6 and
TNF-«. mRNA expression compared with E-MDS patients or
normal controls. Thus, it can be concluded that a cell-cytokine
milieu within the tumor microenvironment of L-MDS may be
suitable for the polarization of Th22 cells. IL-22R1, the critical
member of IL-22 receptor complex, was not detected in normal
immune cells [32]. Notwithstanding, recent study found aberrant
expression of IL-22R1 on anaplastic lymphoma kinase positive
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anaplastic large cell lymphoma (ALK ALCL) cell lines [14].
Several reports have identified that I1L-22 secreted by Th22 cells
interacts with CD4" T cells, monocyte-derived human macro-
phages and bone marrow-derived dendritic cells (DCs) [33,34,35].
To some instances, we hypothesize that Th22 cells participate in
the immune regulation of hematopoiesis probably through
interaction with DCs or other Th subsets. Despite these appearant
correlations, at this period we cannot confirm the direct effect of
Th22 on the impaired immune surveillance of L-MDS.

Numerous evidences suggest Thl cells have been linked to the
development of autoimmune inflammatory processes. To further
investigate the role of Thl cells in the pathogenesis of MDS, we
also examined the percentages of periphery Thl cells in MDS
patients and healthy donors. In contrast to the results of periphery
Th22 and Th17 cells, no statistical difference was shown in Thl
frequencies between patients with MDS and healthy donors.
Although previous studies showed that the conventional Thl-
prototypical cytokines IFN-y and TNF-o were predominant in
MDS, it was later confirmed that these cytokines were derived
from macrophage lineage cells [36]. Meanwhile, statistical
correlations between Thl cells and Th22 cells or Th17 cells were
not found in this study.

IL-22 has been involved in the pathophysiology of some
malignant diseases, such as multiple myeloma [37]. As to MDS,
the expression level of IL-22 has not been investigated until today.
Our results demonstrated for the first time that the level of IL-22
either in BM or in PB of MDS patients was comparable with that
of healthy controls, and no correlation with peripheral Th22 cells
was revealed. I11.-22 is not exclusively produced by Th22 cells, but
rather appears to be produced by other T cells such as CD4*1L-
17'1L-22" cells and CD4 TFNy TL-22" cells, as well as circulating
NK cells [38,39]. The frequency of Th22 cells among total IL-22-
producing T cells ranges from 37% to 63% [9]. When taking IL-
22-producing NK cells into account, that proportion will become
smaller. In MDS, groups have reported that function of MDS-NK

References

1. Molldrem JJ, Jiang YZ, Stetler-Stevenson M, Mavroudis D, Hensel N, et al.
(1998) Haematological response of patients with myelodysplastic syndrome to
antithymocyte globulin is associated with a loss of lymphocyte-mediated
inhibition of CFU-GM and alterations in T-cell receptor Vbeta profiles.
Br J Haematol 102: 1314-1322.

2. Kochenderfer JN, Kobayashi S, Wieder ED, Su C, Molldrem JJ (2002) Loss of
T-lymphocyte clonal dominance in patients with myelodysplastic syndrome
responsive to immunosuppression. Blood 100: 3639-3645.

3. Fozza C, Contini S, Galleu A, Simula MP, Virdis P, et al. (2009) Patients with
myelodysplastic syndromes display several T-cell expansions, which are mostly
polyclonal in the CD4(+) subset and oligoclonal in the CD8(+) subset. Exp
Hematol 37: 947-955.

4. Steinman L (2007) A brief history of T(H)17, the first major revision in the
T(H)1/TH)2 hypothesis of T cell-mediated tissue damage. Nat Med 13: 139~
145.

. Ivanov, II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A, et al. (2006) The
orphan nuclear receptor RORgammat directs the differentiation program of
proinflammatory IL-17+ T helper cells. Cell 126: 1121-1133.

6. McGeachy MJ, Cua DJ (2008) Th17 cell differentiation: the long and winding
road. Immunity 28: 445-453.

7. Kordasti SY, Afzali B, Lim Z, Ingram W, Hayden J, et al. (2009) IL-17-
producing CD4(+) T cells, pro-inflammatory cytokines and apoptosis are
increased in low risk myelodysplastic syndrome. Br J Haematol 145: 64-72.

8. Eyerich S, Eyerich K, Pennino D, Carbone T, Nasorri F, et al. (2009) Th22 cells
represent a distinct human T cell subset involved in epidermal immunity and
remodeling. J Clin Invest 119: 3573-3585.

9. Duhen T, Geiger R, Jarrossay D, Lanzavecchia A, Sallusto F (2009) Production
of interleukin 22 but not interleukin 17 by a subset of human skin-homing
memory T cells. Nat Immunol 10: 857-863.

10.  Chizzolini C, Ramirez JM, Brembilla NC, Sorg O, Chicheportiche R, et al.
(2010) Activation of the aryl hydrocarbon receptor reveals distinct requirements
for IL-22 and IL-17 production by human T helper cells. European Journal of
Immunology 40: 2450-2459.

11. Zhuang Y, Peng LS, Zhao YL, Shi Y, Mao XH, et al. (2012 Apr 13. [Epub
ahead of print]) Increased intratumoral 1L-22-producing CD4(+) T cells and

&

PLOS ONE | www.plosone.org

Th22 and Th17 Cells in Different Stages of MDS

cells are reduced and cytokine secretion are decreased [40]. The
data above unambiguously indicate that the unilateral increased
frequency of Th22 cells contributes little to the IL-22 production
capacity. On the other hand, mounting evidences support that IL-
6 possesses a developmental relationship to the IL-22 production
[24]. Inversely, TGF-B down-regulates the IL-22 production [41].
Compelling evidence has been achieved from several groups that
levels of IL-6 as well as TGF-B are increased in MDS patients
[42,43]. So the unaltered extracellular level of IL-22 can be
partially attributed to the regulating homeostasis between 1L-6
stimulative and TGF-f inhibitory effect.

In summary, for the first time we showed a clear difference
between E- and L-MDS in terms of Th22-cell related immuno-
logical environment. Circulating Th22 expansion occurs much
more frequently in late stage, which may favor the escape of the
preleukemic clone. By contrast, in early stage, circulating Th17
expansion tends to be predominant, thereby underpinning the
inflammatory autoimmune assault and eventually the apoptosis of
bone marrow. The numerical alterations of Th22 subset in early
and late disease stage would suggest that shifty in the dynamics of
Th22 could be a parameter affecting disease progression, exerting
antithetical effects in the regulation of immune homeostasis and
tumor immunity. Blockade of Th22 cells might be of clinical profit
in both E-MDS and L-MDS patients. Further studies on more
patients are needed to substantiate whether this is indeed the case,
and it is necessary to clarify the situation of Th22 cells in MDS
bone marrow.

Author Contributions

Conceived and designed the experiments: DxM LIS LZ JP MH. Performed
the experiments: LIS LZ SY XyH YxS TT. Analyzed the data: LIS LZ
XgL. Contributed reagents/materials/analysis tools: DxM LZ NH. Wrote
the paper: LIS LZ YH DxM.

Th22 cells correlate with gastric cancer progression and predict poor patient
survival. Cancer Immunol Immunother.

12. Trifari S, Kaplan CD, Tran EH, Crellin NK, Spits H (2009) Identification of a
human helper T cell population that has abundant production of interleukin 22
and is distinct from T(H)-17, T(H)1 and T(H)2 cells. Nat Immunol 10: 864-871.

13. Zheng Y, Danilenko DM, Valdez P, Kasman I, Eastham-Anderson J, et al.
(2007) Interleukin-22, a T(H)17 cytokine, mediates IL-23-induced dermal
inflammation and acanthosis. Nature 445: 648-651.

14. Bard JD, Gelebart P, Anand M, Amin HM, Lai R (2008) Aberrant expression of
IL-22 receptor 1 and autocrine IL-22 stimulation contribute to tumorigenicity in
ALK+ anaplastic large cell lymphoma. Leukemia 22: 1595-1603.

15. Cheng F, Guo Z, Xu H, Yan D, Li Q (2009) Decreased plasma IL22 levels, but
not increased IL17 and IL23 levels, correlate with disease activity in patients
with systemic lupus erythematosus. Ann Rheum Dis 68: 604-606.

16. Andoh A, Zhang Z, Inatomi O, Fujino S, Deguchi Y, et al. (2005) Interleukin-
22, a member of the IL-10 subfamily, induces inflammatory responses in colonic
subepithelial myofibroblasts. Gastroenterology 129: 969-984.

17. Sugimoto K, Ogawa A, Mizoguchi E, Shimomura Y, Andoh A, et al. (2008) IL-
22 ameliorates intestinal inflammation in a mouse model of ulcerative colitis.
J Clin Invest 118: 534-544.

18. Vardiman JW, Thiele J, Arber DA, Brunning RD, Borowitz MJ, et al. (2009)
The 2008 revision of the World Health Organization (WHO) classification of
myeloid neoplasms and acute leukemia: rationale and important changes. Blood
114: 937-951.

19. Cheson BD, Bennett JM, Kantarjian H, Pinto A, Schiffer CA, et al. (2000)
Report of an international working group to standardize response criteria for
myelodysplastic syndromes. Blood 96: 3671-3674.

20. Bouchliou I, Miltiades P, Nakou E, Spanoudakis E, Goutzouvelidis A, et al.
(2011) Th17 and Foxp3(+) T regulatory cell dynamics and distribution in
myelodysplastic syndromes. Clin Immunol 139: 350-359.

21. Zhang L, Li JM, Liu XG, Ma DX, Hu NW, et al. (2011 ) Elevated Th22 Cells
Correlated with Th17 Cells in Patients with Rheumatoid Arthritis. J Clin
Immunol 31: 606-614.

22. Kondo A, Yamashita T, Tamura H, Zhao W, Tsuji T, et al. (2010) Interferon-

gamma and tumor necrosis factor-alpha induce an immunoinhibitory molecule,

December 2012 | Volume 7 | Issue 12 | e51339



23.

24.

27.

28.

30.

32.

B7-H1, via nuclear factor-kappaB activation in blasts in myelodysplastic
syndromes. Blood 116: 1124-1131.

Aggarwal S, van de Loosdrecht AA, Alhan C, Ossenkoppele GJ, Westers TM, et
al. (2011) Role of immune responses in the pathogenesis of low-risk MDS and
high-risk MDS: implications for immunotherapy. Br J Haematol 153: 568-581.
Korn T, Bettelli E, Oukka M, Kuchroo VK (2009) IL-17 and Th17 Cells. Annu
Rev Immunol 27: 485-517.

. Parker JE, Mufti GJ, Rasool F, Mijovic A, Devereux S, et al. (2000) The role of

apoptosis, proliferation, and the Bcl-2-related proteins in the myelodysplastic
syndromes and acute myeloid leukemia secondary to MDS. Blood 96: 3932~
3938.

5. Kotsianidis I, Bouchliou I, Nakou E, Spanoudakis E, Margaritis D, et al. (2009)

Kinetics, function and bone marrow trafficking of CD4+CD25+FOXP3+
regulatory T cells in myelodysplastic syndromes (MDS). Leukemia 23: 510-518.
Chamuleau MED, Westers TM, van Dreunen L, Groenland J, Zevenbergen A,
et al. (2009) Immune mediated autologous cytotoxicity against hematopoietic
precursor cells in patients with myelodysplastic syndrome. Haematologica-the
Hematology Journal 94: 496-506.

Kordasti SY, Ingram W, Hayden J, Darling D, Barber L, et al. (2007)
CD4+CD25high Foxp3+ regulatory T cells in myelodysplastic syndrome (MDS).
Blood 110: 847-850.

. Epling-Burnette PK, Bai F, Painter JS, Rollison DE, Salih HR, et al. (2007)

Reduced natural killer (NK) function associated with high-risk myelodysplastic
syndrome (MDS) and reduced expression of activating NK receptors. Blood 109:
4816-4824.

Ye ZJ, Zhou Q, Yuan ML, Du RH, Yang WB, et al. (2012) Differentiation and
Recruitment of IL-22-Producing Helper T Cells Stimulated by Pleural
Mesothelial Cells in Tuberculous Pleurisy. Am J Respir Crit Care Med 185:
660-669.

. Alexandrakis M, Coulocheri S, Xylouri I, Ganotakis E, Eliakis P, et al. (1998)

Elevated serum TNF-alpha concentrations are predictive of shortened survival
in patients with high-risk myelodysplastic syndromes. Haematologia (Budap) 29:
13-24.

Wolk K, Kunz S, Witte E, Friedrich M, Asadullah K, et al. (2004) IL-22
increases the innate immunity of tissues. Immunity 21: 241-254.

PLOS ONE | www.plosone.org

33.

34.

36.

37.

38.

40.

41.

42.

43.

Th22 and Th17 Cells in Different Stages of MDS

Xie MH, Aggarwal S, Ho WH, Foster ], Zhang Z, et al. (2000) Interleukin (IL)-
22, a novel human cytokine that signals through the interferon receptor-related
proteins CRF2-4 and IL-22R. J Biol Chem 275: 31335-31339.

Dhiman R, Indramohan M, Barnes PF, Nayak RC, Paidipally P, et al. (2009) IL-
22 produced by human NK cells inhibits growth of Mycobacterium tuberculosis
by enhancing phagolysosomal fusion. ] Immunol 183: 6639-6645.

Schnyder B, Lima C, Schnyder-Candrian S (2010) Interleukin-22 is a negative
regulator of the allergic response. Cytokine 50: 220-227.

Kitagawa M, Saito I, Kuwata T, Yoshida S, Yamaguchi S, et al. (1997)
Overexpression of tumor necrosis factor (INF)-alpha and interferon (IFN)-
gamma by bone marrow cells from patients with myelodysplastic syndromes.
Leukemia 11: 2049-2054.

Prabhala RH, Pelluru D, Fulciniti M, Prabhala HK, Nanjappa P, et al. (2010)
Elevated IL-17 produced by THI17 cells promotes myeloma cell growth and
inhibits immune function in multiple myeloma. Blood 115: 5385-5392.

Sabat R, Wolk K, Kunz S, Asadullah K (2002) Cutting edge: Immune cells as
sources and targets of the IL-10 family members? Journal of Immunology 168:
5397-5402.

. Wolk K, Witte E, Wallace E, Docke WD, Kunz S, et al. (2006) IL-22 regulates

the expression of genes responsible for antimicrobial defense, cellular
differentiation, and mobility in keratinocytes: a potential role in psoriasis.
Eur J Immunol 36: 1309-1323.

Kiladjian JJ, Bourgeois E, Lobe I, Braun T, Visentin G, et al. (2006) Cytolytic
function and survival of natural killer cells are severely altered in myelodysplastic
syndromes. Leukemia 20: 463-470.

Volpe E, Servant N, Zollinger R, Bogiatzi SI, Hupe P, et al. (2008) A critical
function for transforming growth factor-beta, interleukin 23 and proinflamma-
tory cytokines in driving and modulating human T(H)-17 responses. Nat
Immunol 9: 650-657.

Pardanani A, Finke C, Lasho TL, Al-Kali A, Begna KH, et al. (2012 ) IPSS-
independent prognostic value of plasma CXCLI10, IL-7 and IL-6 levels in
myelodysplastic syndromes. Leukemia 26: 693-699.

Zhou L, McMahon C, Bhagat T, Alencar C, Yu Y, et al. (2011) Reduced
SMAD?7 leads to overactivation of TGF-beta signaling in MDS that can be
reversed by a specific inhibitor of TGF-beta receptor I kinase. Cancer Res 71:

955-963.

December 2012 | Volume 7 | Issue 12 | e51339



