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Figure 4. �������  inhibition of IL-17 abrogates tumor-promoting effect of myeloid cells. a, scheme of treatment with IL-17 blocking Ab. B, weight 
of total tumor tissue isolated from all 10 mammary glands of mice (left) and number of metastases in lung counted by whole mounted staining (right). 
C, quantitative data for the presence of CD11b+Gr1+ (MDSC) cells in spleen of PyMT/Tgfbr2fl and PyMT/Tgfbr2KO mice with IgG and anti–IL-17 Ab 
treatment. D, CXCL1 in tumor tissue lysates was measured by ELISA (R&D Systems) and then recalculated on 1 mg of protein. e, representative FACS 
plots and quantitative data of percentage CD11b+Gr1+ cells in tumor tissue of PyMT/Tgfbr2KO mice with IgG and anti–IL-17 treatment. F, MDSCs were 
sorted from tumor tissue on day 28 from PyMT/Tgfbr2KO mice with treatment of IgG and anti–IL-17 Ab. After sorting, total RNA was isolated and used 
for qRT-PCR. *�  < 0.05; **�  < 0.01. Data correspond to the mean ± SEM of 5 individual mice from 2 experiments.
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known whether IL-17 has an effect on MDSCs in the tumor-
bearing hosts. To address this question, He and colleagues (18) 
showed that IL-17 is required for the development of MDSCs 
in  tumor-bearing mice. By using  IL-17R-/- mice and Ad-IL-17 
mice, they showed that IL-17 can regulate expression of Arg-I, 
A100/A8/A9, and MMP9 molecules (18), which are known to 
be  mediators  of  MDSC-mediated  immunosuppression  and 
tumor promotion (31, 32). However, this effect could be attrib-
utable to the systemic effects of loss or gain of IL-17 function.

In  this  study,  by  using  a  different  approach,  we  showed 
that IL-17 increases expression of Arg, MMP-9, IDO, COX-2, 
and MMP-13 (Fig. 4). Furthermore, after incubating MDSCs 
with  IL-17,  these  cells  have  a  significantly  increased  immu-
nosuppressive  effect  on  T-cell  proliferation.  Also,  we  found 
that IL-17 up-regulates gene expression corresponding to M2 

type  TAMs.  Recent  work  by  DeNardo  and  colleagues  (33) 
using the same mouse model as in our work, but with intact 
TGF-  signaling,  showed  an  important  role  for  T  cells  in 
tumor progression. IL-4 secreted by Th2 cells can switch the 
phenotype of TAMs from M1 to M2. Moreover, they showed 
that activation of TAMs by IL-4, in combination with factors 
derived from mammary epithelial cells (MEC), such as SDF1, 
regulates expression of EGF, which in turn stimulates EGFR-
induced MEC invasive behavior  in vitro and MEC entry  into 
peripheral blood and pulmonary metastasis in vivo.

We  found additional mechanisms  in mammary  tumor pro-
gression in mice with the loss of TGF- signaling in carcinoma 
cells. The early stages of carcinoma progression are dependent 
on Th17 cells, which secrete  IL-17 to switch the phenotype of 
TAMs to M2 and increase the number and suppressive activity of 
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the host's Th17 response. We demonstrated that administra-
tion  of  anti–IL-17  Ab  significantly  decreased  tumor  growth 
in  both  groups  of  mice  with  an  even  more  significant  re-
duction  in  PyMT/Tgfbr2KO  mice.  The  decreased  number  of 
metastases was more pronounced and significant  in PyMT/
Tgfbr2KO  mice  (31.67  ±  6.01  with  IgG  vs.  7.33  ±  1.86  with 
anti–IL-17), which demonstrated an increased Th17 response 
in mice with abrogated TGF- signaling.

It was recently shown that a gene expression signature associ-
ated  with  complete  abrogation  of  TGF-  signaling  correlated 

MDSCs. Late stages of tumor progression can be dependent on 
Th2 cells, which in parallel with increased numbers of MDSCs, 
increase protumorigenic and metastasis properties of M2 TAMs.

These  data  demonstrate  that  IL-17  signaling  is  required 
not only for increased migration of MDSCs by up-regulating 
CXCL1/5  but  also  for  the  tumor-promoting  and  immuno-
suppressive  activity  of  myeloid  cells.  The  administration  of 
IL-17  Ab  in vivo  during  tumor  growth  was  used  to  support 
our  hypothesis  that  deletion  of  TRII  in  PyMT  carcinoma 
cells  increases  tumor  growth  and  metastasis  by  increasing 
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Figure 5. Increased expression of IL17 genes correlated with worse outcome in ER−, LN+, Lum B human breast cancers. a, in patients with human LN+ 
breast cancer, the expression of IL-17RC correlated with reduced RFS in the GSE4922 data set. No significant differences in RFS were observed in 
correlation with IL-17RC in LN− patients. B, in patients with human luminal B subtype breast cancer, IL17F correlated with reduced RFS in GSE108869 
data set. C, in patients with ER+ breast cancer, IL-17RA has a marginal correlation with increased RFS that is not observed in ER− patients.
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to  34th  day  of  age.  For  additional  experiments,  8-  to  10-week-old 
female  C57bl/6  and  FVB  mice  were  purchased  from  Harlan  Inc. 
To examine the effect of neutralizing IL-17 on tumor growth, mice 
were implanted with osmotic pumps (DURECT Corporation) with 
normal rat IgG or rat anti-mouse IL-17 mAb (600 ng/hr for 2 weeks; 
R&D Systems). Pumps were implanted on day of tumor palpation 
and removed after 2 weeks. The studies were approved by IACUC at 
Vanderbilt University Medical Center.

Flow Cytometry Analysis
Single-cell  suspensions  were  made  from  spleens,  bone  marrow, 

and  lungs  of  normal  and  tumor-bearing  mice  (25,  36),  and  tumor 
tissues  (37).  These  cells  were  labeled  with  fluorescence-conjugated 
Abs (Biolegend; eBiosciense, BD) and isotype-matched IgG controls. 
The cells were analyzed on LSRII flow cytometry (Becton Dickinson) 
and  the  data  were  analyzed  with  FlowJo  software.  For  intracellu-
lar  staining,  cells  were  fixed  and  permeabilized  by  the  use  of  BD 
Cytofix/Cytoperm Fixation/Permeabilization Solution Kit following 
the manufacturer's protocol. T cells were stimulated with Dynabeads 
Mouse  T-Activator  CD3–CD28  (Invitrogen)  or  with  Leukocyte 
Activation Cocktail, with BD GolgiPlug (BD) following the manufac-
turer's protocols.

Magnetic Cell Separation
Tumor-infiltrating  host  immune  cells  and  T  cells  were  magneti-

cally separated from tumor tissue of mammary gland by use of CD45 
or CD4 magnetic microbeads following application protocols of the 
manufacturer (Miltenyi Biotec).

Single-Cell Sorting
Splenocytes  from  tumor-bearing  mice  and  single-cell  suspensions 

of tumor tissue were stained with fluorescence-labeled Abs and sorted 
with a FACSAria flow cytometer (Becton Dickinson). EpCAM+CD45−, 
CD11b+Gr1+, CD11b+Gr1−F4/80+, and CD4+CD45+CD11b−DAPI− cells 
were collected for gene expression and cytokine secretion analysis.

Whole-Lung Mounting
Mice were sacrificed by anesthetic overdose. Lungs were processed 

as described (38). The tumor nodules in lung were then counted.

Functional Assays
T-cell  proliferation  was  measured  using  a  mixed  leukocyte  reac-

tion.  Dendritic  cells  from  C57BL/6  mice  were  differentiated  from 
bone marrow cells  for 6 days with granulocyte macrophage colony-
stimulating  factor  (10  ng/mL)  and  IL-4  (10  ng/mL)  in  RPMI  1640 
medium.  T  cells  from  naïve  FVB  mice  were  isolated  by  the  use  of 
R&D  Systems  Mouse  T-cell  Enrichment  columns,  according  to  the 
manufacturer's protocol. T cells were plated at 105 T cells per well in 
96-well plates. Each well contained 100,000 T cells, 25,000 MDSCs, 
and  different  numbers  of  dendritic  cells.  Cells  were  incubated  for 
72 hours. 3[H]-thymidine was then added at 1 μCi per 200 μL of cells 
per well  for an additional 18 hours  followed by cell harvesting and 
radioactivity count by the use of a liquid scintillation counter.

Preparation of Tumor-Conditioned Medium (Explant)
Tumor  explants  were  prepared  from  freshly  isolated  tumors. 

Spontaneous tumors from Tgfbr2fl and Tgfbr2KO mice, without ulcer-
ation,  approximately  1.5  cm  in  diameter  were  removed  under  sterile 
conditions  after  euthanizing  the  mouse.  Tumors  were  minced  into 
pieces <3 mm in diameter and digested in 1 mg/mL Collagenase Type 
I/Dispase Type II at 37°C for 2 hours. The digested tissue pieces were 
then pressed through a 70-μm mesh screen to create a single-cell sus-
pension. Cells were washed with PBS and resuspended in DMEM sup-
plemented with 200 U/mL penicillin plus 50 μg/mL streptomycin and 
5% FBS. Cells were cultured overnight at 107cells/mL and the cell-free 
supernatant collected.

with reduced RFS in breast cancer patients; moreover, the stron-
gest association was observed in patients with ER+, specifically 
within the luminal A subtype (5). It has also been reported that 
IL-17 associated with macrophages is increased in LN+grade 3 
human breast cancer (34). Nam and colleagues (14) found in-
creased  IL-17  mRNA  in  stage  II  and  stage  III  human  breast 
cancer samples compared with normal breast. Langowski and 
colleagues (35) showed significant up-regulation of IL-23(p19) 
mRNA in the overwhelming majority of carcinoma samples from 
various organ types when compared with their adjacent normal 
tissue.  The  expression  of  IL-17  was  also  found  to  be  signifi-
cantly elevated in human tumors, consistent with activation of 
IL-23–induced processes.

On the basis of these findings, we hypothesized that human 
breast cancer associated with decreased TGF- signaling would 
also correlate with increased Th17 response. We observed that 
increased Th17 response in human breast cancer patients cor-
related  with  reduced  RFS  in  patients  with  ER−  tumors,  LN+, 
specifically  within  the  luminal  B  subtype,  and  decreased 
TGF- signaling in human breast cancer also correlated with 
enhanced Th17 response similar to the mouse studies.

In summary, our results demonstrated that deletion of TRII 
in  carcinoma  cells  promotes  mammary  tumor  growth  by  in-
creasing the number of infiltrating Th17 cells. The mechanism 
behind this is increased tumor secretion of CXCL1/5. The result 
of increased cytokine secretion is an increase in the number of 
infiltrating MDSCs and TAMs in the tumor tissue. These infil-
trated myeloid cells may enhance differentiation of Th17 cells 
through  increased  secretion  of  IL-6,  TGF-,  and  IL-23.  Th17 
cells  in  turn  act  to  induce  CXCL1/5  in  mammary  carcinoma 
cells through IL-17 signaling, which is regulated by TRII.

IL-17  secreted  by  Th17  cells  has  a  tumor-promoting  effect 
by up-regulating CXCL1/5 secretion by epithelial  cells and  in-
creasing the protumorigenic properties of myeloid cells (Fig. 6). 
Our studies provide insights into a novel mechanism by which 
epithelial TGF- signaling modulates the tumor microenviron-
ment and is involved in tumor progression. The importance of 
TGF-  signaling  in  tumor  progression  is  irrefutable  and  has 
been implicated in a variety of cancers and at numerous stages 
of  tumor  progression.  Because  the  effects  of  pharmacological 
targeting  of  the  TGF-  pathway in vivo  on  tumor  progression 
remain  controversial  as  a  result  of  the  dual  roles  of  TGF-  in 
tumor progression, the targeting of TGF- effects is a viable op-
tion. Because IL-17 has protumorigenic effects on breast cancer, 
the targeting of this cytokine could be considered when it is as-
sociated with impaired TGF- signaling in carcinoma cells.

Methods
Cell Lines and Mice

4T1 breast cancer cell  line (CRL-2539) was obtained from ATCC 
and  was  maintained  via  the  manufacturer’s  protocols.  Tgfbr2fl  and 
Tgfbr2KO carcinoma cell  lines were derived from primary tumors of 
MMTV-PyMT/Tgfbr2flox/flox  and  MMTV-PyMT/Tgfbr2KO  mice,  re-
spectively,  established  and  cultured  in  DMEM/F12  with  5%  adult 
bovine serum as previously described (5, 19).

All  studies  were  performed  on  MMTV-PyMT/Tgfbr2flox/flox 
(PyMT/Tgfbr2fl)  and  MMTV-PyMT/Tgfbr2KO  (PyMT/Tgfbr2KO) 
mice,  which  were  established  and  maintained  as  described  (3). 
MMTV-Cre  mice  were  used  to  delete  Tgfbr2  in  the  mammary 
epithelium.  These  mice  have  pure  FVB  background  and  have 
spontaneous  tumor  formation  of  mammary  gland  on  the  28th 
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Quantitative RT-PCR
Total  RNA  was  extracted  from  sorted  CD11b+Gr1+, 

CD11b+Gr1−F4/80+, and CD4+ cells as described by the use of an RNeasy 
Mini Kit (QIAGEN). cDNA was synthesized with Invitrogen Superscript 
First-strand  synthesis  system  for  RT-PCR  (Invitrogen).  Primers  spe-
cific  for  Arg, MMP-9, IDO, COX-2, IL-1, TGF-, MMP-13, IL-23, IL-6,
IL-17a, IL-17f, IL-21, chemokine ligand 20, IL-10, VEGF, granulocyte macro-
phage colony-stimulating factor,  and  IFN-γ  were  used,  and  relative  gene 
expression  was  determined  with  the  use  of  the  ABI  PRISM  7900HT 
Sequence Detection System (PE Applied Biosystems). The comparative 
threshold cycle method was used to calculate gene expression normal-
ized to -actin as a gene reference. Primer sequences are available upon 
request.

ELISA
Cytokine  levels  in  CD4+,  CD45+,  CD45−,  and  Ep-CAM+CD45− 

cell  supernatants  or  tissue  lysates  were  measured  using  the  Mouse 
TGF-1, IL-6, IL-23, IL-17A/F, and CXCL1/5 ELISA kits (R&D Systems) 
following the manufacturer's protocol.

Statistical Analysis
Data  were  presented  as  mean  ±  SEM.  Multiple  comparisons  be-

tween treatment groups and control untreated group were performed 
by  the  use  of  1-way  ANOVA  followed  by  the  Dunnett  procedure 

for  multiplicity  adjustment.  A  2-group  comparison  was  performed 
with  the  use  of  2-sample  t  tests.  Correlation  analyses  for  the  gene 
expression  between  the  signatures  of  interest  were  performed  with 
data representing 1,319 patients from 4 independent, previously re-
ported studies (Gene Expression Omnibus ID: GSE10886, GSE4922, 
GSE6532, and GSE2845) (5).

The  gene  expression  was  appropriately  normalized  across  all  ar-
rays.  Gene  symbols  were  assigned  with  the  manufacturer-provided 
annotation,  but  the  analysis  was  performed  at  probe  level.  The  as-
sociation  between  RFS  and  IL17  family  was  analyzed  with  the  uni-
variate  Cox  proportional  hazard  regression  model.  We  examined 
the modification effect of ER status and node status by testing the 
interaction between the IL-17 gene and ER or node status by using 
the multivariate Cox proportional hazard model. When a significant 
interaction was identified, a Kaplan-Meier survival curve was created 
for the “high versus low” of the IL-17 gene expression by dichotom-
ing all the samples among the subtype (Fig. 5). All tests were 2-tailed. 
All statistical analyses used a P-value cutoff of 0.05 to determine sig-
nificance. All data analysis for human breast cancer correlation was 
performed in R (39).
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Figure 6. Schematic summarizing data and working hypotheses. The following numbers refer to the numbers in the schematic. 1, PyMT/Tgfbr2KO carcinomas 
secrete abundant CXCL1/5 because of a lack of TGF- suppression of chemokine expression. 2, the chemokines recruit TAMs and MDSCs to the tumor 
microenvironment. 3, TAMs and MDSCs secrete TGF- and IL-6. 4, TGF- would suppress expression of CXCL1/5 in TGF-–responsive cells but cannot in this 
model because of the lack of TRII. 5, together with TGF- and IL-6, IL-23 stimulates naïve CD4 T cells to differentiate into Th17 cells. 6, Th17 cells secrete IL-17. 
7, IL-17 stimulates increased secretion of CXCL1/5 by the carcinoma cells. 8, the increase in chemokine expression results in the recruitment of even more TAMs 
and MDSCs. 9, IL-17 causes MDSCs to be even more immunosuppressive. 10, the net result is enhanced tumor growth and metastases.
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