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Although Th17 cells play crucial roles in the pathogenesis of many autoimmune

and inflammatory disorders, their roles in malignancies are currently under

debate. The role and mechanism of Th17 cells in patients with acute myeloid leu-

kemia (AML) remain poorly understood. Here we demonstrated that the fre-

quency of Th17 cells was significantly increased in peripheral blood mononuclear

cells (PBMCs) and bone marrow mononuclear cells from AML patients compared

with healthy donors. Plasma levels of interleukin (IL)-17, IL-22, IL-23, IL-1b, IL-6,
and transforming growth factor (TGF)-b1 were significantly increased in blood

and bone marrow in AML patients compared with healthy donors. The in vitro

experiments demonstrated that IL-1b, IL-6, IL-23, but not TGF-b1 promoted the

generation and differentiation of Th17 cells from naive CD4+ T cells in humans.

IL-17A, a signature cytokine secreted by Th17 cells, induced the proliferation of

IL-17 receptor (IL-17R)-positive AML cells via IL-17R, in which activation of PI3K

⁄Akt and Jak ⁄ Stat3 signaling pathway may play important roles. In addition, com-

bination of IL-17A and IL-22 significantly reduced the generation of Th1 cells and

the production of interferon (IFN)-c from healthy donor or AML patient periph-

eral blood mononuclear cells. Patients with high Th17 cell frequency had poor

prognosis, whereas patients with high Th1 cell frequency had prolonged survival.

Combined analysis of Th1 and Th17 cell frequencies improved the ability to pre-

dict patient outcomes. In conclusion, Th17 cells play a crucial role in the patho-

genesis of AML and may be an important therapeutic target and prognostic

predictor.

A marked impairment of T-cell function is observed in
patients with acute myeloid leukemia (AML).(1) Although

other immunologic abnormalities also exist in AML patients,
accumulating evidence suggests that CD4+ T cells play a central
role in initiating and maintaining immune responses against leu-
kemic cells.(2) CD4+ T cells participate in many facets of the
adaptive immune system and provide regulating signals to help
other immune effector cells to kill tumor cells.
T helper type 17 (Th17) cells, a newly identified CD4+ T

cell subset, exhibit effector functions distinct from Th1 and
Th2 cells and play a crucial role in inflammation, autoimmune
diseases, and acute graft-versus-host disease.(3–6) Although
Th17 cells have been examined in the tumor microenvironment
in many cancers, the role of Th17 cells in protection or pro-
gression of tumors is currently under debate.(7,8) Interleukin-17
(IL-17) is the signature effector cytokine produced by Th17
cells. The biological function of Th17 cells mainly depends on
its secreted IL-17. Interleukin-17 has pleiotropic functions with
multiple targets, in which it has been reported to regulate cel-
lular proliferation, angiogenesis and metastasis in many cancer
cells.(9,10) Th17 cells as well as IL-17 have been reported as a
poor prognostic indicator in many cancers and a favorable
indicator in other cancers.(9,11–14)

The differentiation of Th1 and Th17 cells were initially
thought to be distinct and possibly antagonistic.(15) Interferon-c
(IFN-c) inhibited Th17 cell differentiation while IL-17 inhib-
ited Th1 cell differentiation in murine models of malignant
pleural effusion.(16) Th17 cells were able to induce Th1-type
chemokines and recruit Th1 cells into the tumor microenviron-
ment of ovarian cancer patients.(17) Recently, a substantial
fraction of CD4+ T cells in the tissue of patients with autoim-
mune disease or cancer have been found to coexpress IFN-c
and IL-17.(9,18) Therefore, the interplay of Th1 and Th17 cells
in tumor microenvironment plays a crucial role in tumor devel-
opment, but little is known in hematological malignancies.
Acute myeloid leukemia represents an ideal model to evalu-

ate the impact of tumor on the host immune system as the dis-
ease is usually widely disseminated, so that immune cells in
the peripheral blood (PB) and bone marrow (BM) are in close
proximity to the tumor cells. The immune system fails to rec-
ognize and eradicate leukemia cells, which plays significant
roles in the development of AML. Despite there being few
studies focusing on Th17 cells in AML, the nature, regulation,
role and prognostic predictor of Th17 cells is poorly under-
stood in the context of tumor immunity in AML patients as
their results are divergent.(19–22)
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In the present study, we demonstrate that Th17 cell frequen-
cies and IL-17 are elevated in PB and BM of AML patients;
IL-17A promotes the proliferation of U937 cells as well as IL-
17 receptor (IL-17R)-positive primary AML cells via IL-17R;
patients with high Th17 cell frequencies have poor prognosis
whereas patients with high Th1 frequencies have prolonged
survival.

Materials and Methods

Patients. Between January 2009 and September 2013, 98
newly diagnosed patients with AML (age range, 16–79 years;
median, 46 years) were enrolled from the First Affiliated Hos-
pital of Wenzhou Medical University. Our study was approved
by the First Affiliated Hospital of Wenzhou Medical Univer-
sity institutional review board and written consents were
obtained from all subjects participating in this study in accor-
dance with the Declaration of Helsinki protocol. All patients
met World Health Organization (WHO) 2008 classification
criteria for AML. Thirty-two age-matched healthy donors for
control were simultaneously enrolled in this study.

Flow cytometric analysis. To evaluate Th17 cell frequencies,
peripheral blood mononuclear cells (PBMCs) and bone marrow
mononuclear cells (BMMCs) isolated from AML patients and
healthy donors were stimulated with phorbol 12-myristate13-
acetate (PMA) and ionomycin for 5 h in the presence of bre-
feldin A (all from Sigma-Aldrich, St. Louis, MO, USA). After
incubation, cell surface staining was performed with PerCP-
conjugated anti-CD3 and FITC-conjugated anti-CD8 monoclo-
nal antibodies (mAbs) at room temperature in the dark for
20 min. The cells were subsequently fixed and permeabilized
and stained with PE-conjugated anti-IL-17A and APC-conju-
gated anti-IFN-c mAbs (BD Biosciences, San Jose, CA, USA).
Stained cells were acquired and analyzed using a FACSCalibur
instrument and CellQuest software (BD Biosciences).

ELISA for cytokine measurements. Plasma samples were col-
lected from PB and BM after centrifugation and stored at
�80°C until use. Plasma levels of IL-17, IL-22, IL-23, IL-6,
IL-1b, and IFN-c were measured using commercial ELISA kits
(R & D Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions.

Quantitative PCR for gene expression analysis. Total RNA
was extracted with Trizol (Invitrogen, Carlsbad, CA, USA)
and reverse transcribed into cDNA, and then cDNAs were
amplified and quantified by ABI Prism 7500 using SYBR
Green PCR master mix (TaKaRa, Dalian, China) with primer
pairs (for primers sequences, see Table S1), respectively.

MTT assay. The effects of IL-17A on AML cell lines HL-60,
U937, and Dami as well as primary AML cells were assessed
using the 3-(4,5-dlmethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) (Sigma-Aldrich). Cells were seeded in 96-well
plates with or without IL-17A (50 ng ⁄mL; Peprotech, Rocky
Hill, NJ, USA) for 7 days. The absorbance was read at
490 nm using an ELISA reader (ELx800; Bio-Tek Instruments,
Winooski, VT, USA).

Differentiation assays. Naive CD4+ T cells were isolated by
negative selection with Naive CD4+ T cell Isolation Kit II
(Miltenyi Biotec, Bergisch Gladbach, Germany) according to
the manufacturer’s instructions. The purity of naive CD4+ T
cells measured by flow cytometry was approximately 95%.
Naive CD4+ T cells were stimulated with plate-bound anti-CD3
(1.5 lg ⁄mL; eBiosciences, San Diego, CA, USA) and soluble
CD28 mAbs (1 lg ⁄mL; BD Biosciences) for 7 days in 1 mL
complete medium containing human IL-2 (2 ng ⁄mL) with or

without the indicated cytokines (IL-1b, 10 ng ⁄mL; IL-6,
100 ng ⁄mL; IL-23, 10 ng ⁄mL; TGF-b1, 5 ng ⁄mL). All exoge-
nous cytokines used were purchased from R & D Systems.

Western blot assays. After treatment with IL-17A, U937 cells
and primary AML cells were collected, lysed, and further sub-
jected to western blot analysis with antibodies against phos-
pho-Akt (Ser473), Akt, GAPDH (Cell Signaling Technology,
Beverly, MA, USA), phospho-Stat3 (Tyr705), and Stat3 (Bio-
world Technology, St. Louis Park, MN, USA), respectively,
according to our previously described method.(23)

IL-12-induced IFN-c-producing Th1 cells assays. To determine
induced Th1 cells, PBMCs isolated from healthy donors or
AML patients were stimulated with Th1-polarizing cocktail
including IL-12 (10 ng ⁄mL; R & D Systems) and anti-CD3
antibodies for 6 days in RPMI 1640 medium with 10% FBS.
Cells were further expanded with IL-2 for additional 6 days
prior to restimulation with PMA and ionomycin in the pres-
ence of brefeldin A. After stimulation, cells were stained for
CD3, CD8, and intracellular anti-IFN-c.

Statistical analysis. Data are expressed as mean � SEM. Sta-
tistical analyses were performed using a one-way analysis of
variance (ANOVA) as well as Mann–Whitney test. P-values less
than 0.05 was considered statistically significant.

Results

Elevated frequencies of Th17 cells and reduced frequencies of

Th1 cells in PBMCs and BMMCs from untreated patients with

AML. We evaluated the frequencies of Th17 cells in freshly iso-
lated PBMCs and BMMCs from AML patients and compared
them with those in PBMCs and BMMCs from healthy donors.
After gating on CD3+CD8- T cells, intracellular production of
IL-17A and IFN-c were analyzed. The frequencies of Th17
cells were 3.59 � 0.37% in AML PBMCs compared with
1.47 � 0.14% in healthy donor PBMCs (P < 0.01) and
3.40 � 0.21% in AML BMMCs compared with 1.51 � 0.48%
in healthy donor BMMCs (P < 0.01) (Fig. 1b). The frequencies
of Th17 cells were significantly increased in PBMCs and
BMMCs from AML patients compared with those in healthy
donor PBMCs and BMMCs, whereas the frequencies of Th1
cells were significantly decreased in AML PBMCs and
BMMCs compared to healthy donor PBMCs and BMMCs
(Fig. 1a,b). We further confirmed elevated frequencies of
IL-17A-producing cells in CD4+ cells from AML patients com-
pared to healthy donors by qPCR, while IFN-c-producing cells,
although high, is not statistically significant by qPCR (Fig. 1c).

Phenotypic characteristics of Th17 cells in AML. Higher Th17
cell frequencies in AML patients compared with those in
healthy donors were shown, which provoked our interests to
examine the phenotype of Th17 cells in BM, a tumor microen-
vironment. As shown in Figure 2(a), we found that IL-17A
was mainly produced by T cells rather than B cells. The
majority of tumor-infiltrating IL-17A+ T cells were
IL-17A+CD4+ (Th17) cells but not IL-17A+CD8+ cells.
Tumor-infiltrating Th17 cells express high levels of CCR6 and
negligible levels of HLA-DR, CD25, and CD62L (Fig. 2b).
CCR6 is a surface receptor of Th17 cells and Th17 cells can
be migrated towards tumor in a CCR6 ⁄CCL20 dependent man-
ner, which leads to an enrichment of Th17 cells in the tumor
microenvironment.(24) We also observed that Tumor-infiltrating
Th17 cells were mainly CD4+CD45RO+ memory T cells, but
not CD4+CD45RA+ naive T cells.

Generation and differentiation of Th17 cells in AML. We
evaluated the levels of Th17-producing cytokines to further
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confirm increased existence of Th17 cells in AML patients.
Significant elevation of IL-17A, IL-22, and IL-23, three cyto-
kines secreted by Th17 cells, were observed in both PB and
BM from untreated AML patients compared with those from
healthy donors as measured by ELISA (Fig. 3a). We next eval-
uated other cytokines that had been reported to associate with
the generation and differentiation of human Th17 cells. As
shown in Figure 3(b), higher levels of IL-1b, IL-6, and TGF-
b1 were observed in PB and BM from AML patients

compared with those from healthy donors. These results sug-
gested that these proinflammatory cytokines present in AML
BM microenvironment might modulate the generation and dif-
ferentiation of Th17 cells.
To determine whether these cytokines contributed to the

generation and differentiation of Th17 cells in AML patients,
naive T cells were purified from PB samples of AML patients
and cultured in the presence of one or more of IL-1b, IL-6,
IL-23, and TGF-b1. None of the cytokines alone promoted the

(a) (b)

(c)

Fig. 1. Elevated frequencies of Th17 cells and reduced frequencies of Th1 cells in freshly isolated peripheral blood mononuclear cells (PBMCs)
and bone marrow mononuclear cells (BMMCs) from acute myeloid leukemia (AML) patients. (a) PBMCs and BMMCs were isolated from AML
patients and healthy donors (HDs) and stimulated for 5 h with phorbol 12-myristate13-acetate (PMA) and ionomycin in the presence of brefeldin
A and then stained for CD3, CD8, intracellular interleukin (IL)-17A and interferon (IFN)-c. Frequencies of Th17 cells and Th1 cells were deter-
mined by flow cytometry. Representative dot plots using matching peripheral blood (PB) and bone marrow (BM) samples from AML patients
and HDs were shown. (b) Collective results presented for Th17 and Th1 cells within CD4+ T population. (c) Total RNA was isolated from CD4+ T
cells obtained from AML patients and HDs and reverse transcribed into cDNA and subsequently real time polymerase chain reaction (PCR) for IL-
17A and IFN-c. Results were expressed as mean � SEM.

Cancer Sci | August 2014 | vol. 105 | no. 8 | 935 © 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Original Article
www.wileyonlinelibrary.com/journal/cas Han et al.



generation and differentiation of Th17 cells from naive T cells.
Th17 cells were significantly increased in the presence of IL-
1b plus IL-6, IL-1b plus IL-23, IL-6 plus IL-23, or IL-1b plus
IL-6 plus IL-23 (Fig. 3c). Surprisingly, TGF-b1 reduced the
increased percentage of Th17 cells induced by the above cyto-
kines. These findings indicated that the tumor microenviron-
ment of AML patients might promote the generation and
differentiation of Th17 cells.

IL-17A exhibits pro-tumor effects on IL-17R+ AML cells. After
showing elevated existence of Th17 cells in BM from AML
patients, we next investigated whether IL-17A, a signature
cytokine secreted by Th17 cells, has any effects on AML
cells. First, we assessed the proliferation of AML cells in the
presence or absence of IL-17A. As shown in Figure 4(a),

50 ng ⁄mL IL-17A only exhibited an increase in the prolifera-
tion of U937 as well as primary AML cells, but not in HL-60
and Dami cells. After treatment with IL-17A for 7 days, S
phase cells of U937 and primary AML cells, although
increased, were not statistically significant compared with con-
trol (P > 0.05, Fig. S1). IL-17A had also no significant effect
on the induction of apoptosis (Fig. S2). IL-17R has been
found to be ubiquitously expressed in many tissues and cell
types.(25) We further investigated whether the IL-17R expres-
sion associates with IL-17-induced proliferation. Abundant
expression of IL-17RA was present in U937 cells as well as
most primary AML cells, but only weak expression in HL-60
and Dami cells (Fig. 4b), which was further confirmed by
measuring the relative expression of IL-17R mRNA (Fig. S3).

(a)

(b)

Fig. 2. Phenotype of tumor-infiltrating Th17 cells. After stimulation with phorbol 12-myristate13-acetate (PMA) and ionomycin for 5 h, freshly
isolated bone marrow mononuclear cells (BMMCs) were subjected to membrane and intracellular staining and analyzed by flow cytometry. Rep-
resentative data were shown from 21 untreated AML patients. (a) Interleukin (IL)-17A expression in T and B cells. IL-17A expression was analyzed
in BMMCs. (b) The expression of HLA-DR, CD25, CCR6, CD45RA, CD45RO, and CD62L in tumor-infiltrating Th17 cells.
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A positive correlation between IL-17A-induced proliferation
and the IL-17RA expression was observed in primary AML
cells (Fig. 4c). Therefore, we determined the role of IL-17R in
IL-17A-induced AML cell proliferation using anti-IL-17R anti-
body. As shown in Figure 4(d), anti-IL-17R antibody

significantly inhibited AML cell proliferation in the presence
of IL-17A.
Interleukin-17A exhibited a stronger pro-proliferation effect

on IL-17R+ AML cells in vitro, we further investigated the
corresponding mechanisms. PI3K ⁄Akt and Jak2 ⁄Stat3

(a)

(c)

(b)

Fig. 3. Generation and differentiation of Th17 cells from peripheral blood (PB) and bone marrow (BM) regulated by interleukin (IL)-1b, IL-6,
and IL-23. Elevated levels of Th17-producing cytokines (a) and Th17-associated proinflammatory cytokines (b) in PB and BM samples from acute
myeloid leukemia (AML) patients were determined by ELISA. (c) Th17 cells detected in naive CD4+ T cells purified from AML patients after stimu-
lation with indicated cytokines. The naive CD4+ T cells were isolated from PB of AML patients and subsequently stimulated by plate-bound anti-
CD3 and soluble anti-CD28 mAbs with or without the indicated cytokines. After 7 days, the cells were restimulated with phorbol 12-myristate13-
acetate (PMA) and ionomycin in the presence of brefeldin A and analyzed for intercellular IL-17A expression. The data were expressed as
mean � SEM representing four independent experiments from different AML patients.
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signaling pathway activation have been found to regulate
downstream components likely promoting survival and prolif-
eration in many tumors.(26) Therefore, we detected the phos-
phorylation of Akt and Stat3, two key markers of these two
signaling pathways. As shown in Figure 4(e), Akt and Stat3
phosphorylation are constitutively activated in U937 cells as
well as primary AML cells, and IL-17A stimulation increases

the phosphorylation of Akt and Stat3. The findings indicate
that Th17 cells exhibit a pro-tumor effect on AML cells
through secreting IL-17A.

IL-17A and IL-22 downregulate Th1 cell responses in

AML. Interleukin-17 has been reported to reduce the production
of IFN-c in PBMCs stimulated with IL-12.(27) We therefore
determined whether IL-17A and IL-22, two cytokines secreted

(a)

(d)

(e)

(c)

(b)

Fig. 4. Interleukin (IL)-17A promotes the proliferation of AML cells via IL-17 receptor (IL-17R). (a) Acute myeloid leukemia (AML) cell lines HL-
60, U937, Dami, and primary AML cells isolated from AML patients (n = 23) were incubated with or without IL-17A (50 ng ⁄mL) for 7 days and
proliferation was assayed by MTT. Data are showed in proliferation in the presence of IL-17A compared with control and expressed as
mean � SEM representing at least three independent experiments. (b) The IL-17RA expression of AML cells was measured using anti-CD217 PE
antibody (solid line) or mouse IgG1 PE antibody (dotted line) by flow cytometry. Representative histograms (left panel) and statistical data (right
panel) were shown. (c) A correlation was observed between the IL-17RA expression and the IL-17A-inducing proliferation. (d) The effects of IL-
17R on U937 and primary AML cell proliferation were determined by incubating the cells with IL-17A (50 ng ⁄mL) in the presence or absence of
anti-IL-17R antibody (3 lg ⁄mL) for 7 days. (e) Western blotting showed the phosphorylation of Akt and Stat3 were significantly increased after
IL-17A stimulation for 6 h and lasted for 24 h in IL-17R+ AML cells. Representatives and statistical data were shown for four independent experi-
ments.
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by Th17 cells,(28) affect the generation and differentiation of
Th1 cells in AML. Interleukin-17A and IL-22 significantly
inhibited the IL-12-induced IFN-c-producing cells in PBMCs
isolated from healthy donors or AML patients (Fig. 5a,b). Fur-
thermore, the production of IFN-c was reduced in the presence
of combination of IL-17A and IL-22 (Fig. 5c). The findings
suggest that Th17 cells-associated cytokines down-regulate
Th1 cell responses in AML patients.

Increased Th17 cell frequency in combination with reduced Th1

cell frequency predicts poor patient survival. Interleukin-17A
secreted by Th17 cells promotes the proliferation of AML cells
and inhibits the differentiation of Th1 cells in vitro as well as
elevated Th17 cell frequencies are present in BM, which

suggest that Th17 cells may contribute to tumor immune escape
in AML patients. We analyzed the impact of Th17 cell fre-
quency and Th1 cell frequency in BM on patient survival.
Regardless of the treatments each patient received, the patients
were classified into two groups based on the median frequen-
cies of Th17 (3.41%) or Th1 (26.16%) cells, respectively. The
median overall survival in high Th17 group was significantly
shorter than those in low Th17 group (P = 0.033, Fig. 6a),
which suggested that increased Th17 cell frequency might be
an unfavorable prognostic marker for AML patients. We also
found that increased Th1 cell frequency is a favorable prognos-
tic marker for AML patients by comparing the median survival
in the high Th1 group and the low Th1 group (P = 0.025,

(a)

(c)

(b)

Fig. 5. Interleukin (IL)-17A and IL-22 inhibited IL-12-inducing interferon (IFN)-c-producing cells in peripheral blood mononuclear cells (PBMCs).
(a) & (b) PBMCs from healthy donors or AML patients were activated with Th1 polarizing cytokines (IL-12, 10 ng ⁄mL; anti-CD3 antibody, 1.5 lg
⁄mL) with or without IL-17A (10 ng ⁄mL) and IL-22 (10 ng ⁄mL) for 12 days. Cells were subsequently stimulated with phorbol 12-myristate13-ace-
tate (PMA) and ionomycin in the presence of brefeldin A, stained for intercellular IFN-c, and analyzed by flow cytometry. A representative dot
plot analysis showing percentage of IFN-c-positive cells within gated CD3+CD4+ (CD3+CD8-) population. Results are expressed as mean � SEM rep-
resenting five independent experiments from different healthy donors or AML patients. (c) PBMCs from healthy donors or AML patients were
stimulated with Th1 polarizing cytokines with or without IL-17A and IL-22 for 6 days, and supernatants were determined for IFN-c by ELISA.
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Fig. 6b). Furthermore, patients were divided into four groups
based on both the median frequencies of Th17 and Th1 cells.
Irrespective of being in the low Th17 group or high Th17
group, patients with high frequencies of Th1 cells had a better
survival than patients with low frequencies of Th1 cells
(Fig. 6c). Thus the best combination associated with overall
survival was low Th17 and high Th1 group, whereas the worst
combination was the high Th17 and low Th1 group (P < 0.01).
No difference was found in the high Th17 and high Th1 group
and the low Th17 and low Th1 group. These data suggest that
the combination of Th17 cell frequency and Th1 cell frequency
is a potential marker to judge patient prognosis.
In addition, we also determined the frequencies of Th17

cells in BM from AML patients who achieved complete remis-
sion (CR) and found that the frequencies of Th17 cells obvi-
ously decreased in CR patients compared with previously
untreated patients (P < 0.05) (Fig. 6d).

Discussion

Although Th17 cells have been intensively studied in the path-
ogenesis of autoimmune and inflammatory diseases, there are
very few studies seeking to explore the role of Th17 cells in
AML.(19–22) In the present study, we have shown that elevated
Th17 cells and decreased Th1 cells present in AML patients.
IL-17A, mainly secreted by Th17 cells, can promote the prolif-
eration of IL-17R+ AML cells and inhibit the generation and
differentiation of Th1 cells. To our knowledge, this study iden-
tified for the first time that monitoring Th17 cell frequency in
combination with Th1 cell frequency may predict survival in
AML patients.
Numerous immune abnormalities are present in PB and BM

of AML patients.(29,30) Interactions between AML cells and
the BM microenvironment result in the production of multiple
cytokines and chemokines with immuno-modulatory activity
that may preferentially skew Th subsets toward Th17 cells.
Consistent with elevated frequencies of Th17 cells, we also
found that Th17-associated cytokines were increased in PB

and BM of AML patients compared with those of healthy
donors. We have further demonstrated whether these cytokines
lead to the development of Th17 cells. IL-1b, IL-6, and IL-23,
but not TGF-b1, are crucial for Th17 cell induction in vitro.
Although high level of TGF-b1 is detected in BM microenvi-
ronment of AML patients, TGF-b1 plays a negative effect on
Th17 cell development, inconsistent with previous
reports.(31,32) It is evident that TGF-b1 is responsible for the
development of naive T cells into Th17 cells in mice.(33) How-
ever, the role of TGF-b1 in human Th17 cell development
remains controversial.(31,32,34) In this study, Th17 cell frequen-
cies and IL-17 are not quantitatively associated with TGF-b1.
Therefore, TGF-b1 may not be crucial for Th17 cell develop-
ment in the AML tumor microenvironment.
It has been reported that IL-17 can promote the in vitro pro-

liferation of myeloma cells and BM-derived mesenchymal
stem cells.(9,35) We therefore investigated whether IL-17A has
any effects on AML cell proliferation. We found that IL-17A
only promotes the proliferation of U937 cells and IL-17R+ pri-
mary AML cells, but not all AML cell lines as well as primary
AML cells, consistent with a previous report.(20) A positive
correlation was observed between the expression of IL-17RA
and the proliferation of AML cells induced by IL-17, suggest-
ing that IL-17 directly promotes the proliferation of AML
cells through IL-17R. As predicted, blocking IL-17R by anti-
body inhibits IL-17-induced proliferation of IL-17R+ AML
cells. This provides a conceptual basis for IL-17 and IL-17R
blockade as a potential therapy in AML.
Interleukin-17 and IL-22, two cytokines secreted by Th17

cells, have been found to inhibit the differentiation and expan-
sion of Th1 cells.(9) We also demonstrated here that IL-17A
and IL-22 can significantly inhibit the production of Th1 cells
and IFN-c, a signature cytokine secreted by Th1 cells. IFN-c
secreted by Th1 cells plays a pivotal role in promoting innate
and adaptive immune responses in the host defense against
tumors.(36) Therefore, IL-17 may play a pro-tumor effect on
IL-17R-negative AML cells via inhibiting the production of
IFN-c.

(a)

(c)

(d)

(b)

Fig. 6. Increased frequencies of Th17 cells and
reduced frequencies of Th1 cells predict poor
survival in acute myeloid leukemia (AML) patients.
Kaplan–Meier curves for overall survival were
assessed in combination with frequencies of Th17
cells (a), frequencies of Th1 cells (b), or frequencies
of Th1 together with Th17 cells (c), in bone marrow
(BM) microenvironment of 98 AML patients. (d) The
frequencies of Th17 cells decreased in BM when
patients achieved complete remission (CR).
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Activation of Stat3 is a pivotal pathway implicated in pro-
moting tumorigenesis, which also incites tumor immune sup-
pression by promoting accumulation of tumor-infiltrating
myeloid-derived suppressor cells and regulatory T cells.(37) In
our study, IL-17A (50 ng ⁄mL) significantly increased the
phosphorylation of Stat3 in U937 cells and IL-17R+ primary
AML cells, which lasted for at least 24 h, further confirming a
previous report that IL-17 (0.5 ng ⁄mL) gradually but steadily
increases the phosphorylation of Stat3 of U937 cells within
10 min.(38)

Although Th17 cell frequency has been reported to be asso-
ciated with patient survival in many tumors, the prognostic
predictive of Th17 cell frequency remains controver-
sial.(11,17,39) In our study, Th17 and Th1 clusters may yield
opposite effects on patient survival in AML. Patients with high
Th17 cell frequencies had a poor prognosis, whereas patients
with high Th1 cell frequencies had a prolonged survival. The
combined analysis of Th1 and Th17 cell frequencies gave a
better discrimination for survival. Plasma levels of IL-17A
have been reported to be not associated with overall survival

of AML patients.(40) These findings suggest that Th17 cell fre-
quencies may be a better indicator to predict patient survival
than levels of IL-17 in AML patients.
In summary, we observed significantly elevated frequencies

of Th17 cells in AML along with elevated levels of IL-17 and
other pro-inflammatory cytokines supporting the differentiation
and expansion of Th17 cells as well as suppressing immune
responses. These findings suggest Th17 cells and IL-17 as a
potential therapeutic target in AML for both anti-AML
responses as well as to improve immune function.
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