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Interleukin-17A is a member of the IL-17 family, and is 
known as CTLA8 in the mouse. It is produced by T lym-
phocytes and NK cells and has proinflammatory roles, 
inducing cytokine and chemokine production. However, its 
role in tumor biology remains controversial. We investi-
gated the effects of locally produced IL-17A by transferring 
the gene encoding it into CT26 colon cancer cells, either in 
a secretory or a membrane-bound form. Expression of the 
membrane-bound form on CT26 cells dramatically en-
hanced their proliferation in vitro. The enhanced growth 
was shown to be due to an increased rate of cell cycle 
progression: after synchronizing cells by adding and with-
drawing colcemid, the rate of cell cycle progression in the 
cells expressing the membrane-bound form of IL-17A was 
much faster than that of the control cells. Both secretory 
and membrane-bound IL-17A induced the expression of 
Sca-1 in the cancer cells. When tumor clones were grafted 
into syngeneic BALB/c mice, the tumor clones expressing 
the membrane-bound form IL-17A grew rapidly; those ex-
pressing the secretory form also grew faster than the wild 
type CT26 cells, but slower than the clones expressing the 
membrane-bound form. These results indicate that IL-17A 
promotes tumorigenicity by enhancing cell cycle progres-
sion. This finding should be considered in treating tumors 
and immune-related diseases. 
 
 
INTRODUCTION 
1 
Th17 lymphocytes are a recently identified subset of CD4+ T 
lymphocytes, which develop in response to IL-6, TGF-β and IL-
23. They are typically characterized by the secretion of the 
cytokine IL-17 (Weaver et al., 2006; 2007). IL-17 was first 
cloned and referred to as cytotoxic T lymphocyte antigen 8 
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(CTLA-8), and exists in the form of subtypes IL-17A-F (Rouvier 
et al., 1993; Yao et al., 1996). Of these, IL-17A and IL-17F have 
the highest degree of homology and are produced mainly by 
activated T lymphocytes (Moseley et al., 2003). IL-17 is known 
as a proinflammatory cytokine that promotes the secretion of 
IL-6, IL-1β and chemokines from macrophages and fibroblasts, 
via the NF-κB, ERK, JNK and p38 MAPK intracellular signaling 
pathways. It can also cause autoimmune disease by inducing 
excessive inflammatory responses. Since IL-17 receptors are 
ubiquitously expressed on immune cells and various epithelial 
tissues (Moseley et al., 2003), IL-17 signaling may affect cellu-
lar homeostasis beyond the immune system. 

Cytokines play an essential role in the immune response for 
regulating tumorigenicity. The functional role of IL-17 has also 
been studied in tumor biology. In brief, some tumors such as 
those of the prostate and ovary have been found to generate 
Th17 cells (Miyahara et al., 2008; Sfanos et al., 2008). Howev-
er, the ectopic expression of the secreted form of IL-17 in most 
types of cancer did not significantly affect their in vitro growth 
(Hirahara et al., 2001; Numasaki et al., 2003; Tartour et al., 
1999). Grafting IL-17-producing tumors into syngeneic immu-
nocompetent mice has yielded contradictory results; the ectopic 
expression of IL-17 in some hematopoietic cancer cells and 
fibrosarcomas inhibited their growth after transplantation 
(Benchetrit et al., 2002; Hirahara et al., 2001), whereas the 
growth of some other types of cancer was stimulated 
(Numasaki et al., 2003; Tartour et al., 1999). Blocking endoge-
nous IL-17 expression also increased or decreased tumor 
growth depending on the type of cancer and system (Hyun et 
al., 2012; Kryczek et al., 2009; Wang et al., 2009; 2010). 

Although certain cytokines have potent antitumor effects, 
systemic administration of cytokines has significant toxicity that 
limits their clinical use (Atkins et al., 1997; Car et al., 1999; 
Leonard et al., 1997). To avoid this problem gene transfer strat-
egies that achieve localized cytokine production have been 
tried. In many cases, expression of a cytokine in membrane-
bound form increased the immunogenicity of tumor cells and 
stimulated antitumor immunity more effectively than expression 
in the secreted form (Ji et al., 2002; Kim et al., 2000; Marr et al., 
1997; Soo Hoo et al., 1999). Previously we showed that tumor 
cells expressing membrane-bound IL-12p35 had reduced tu-
morigenicity, and led to CD8+ T cell-dependent antitumor im-
munity of MethA cells (Lim et al., 2010). In present study we 
investigated whether expression of the membrane-bound form 
of IL-17A on CT26 colon cancer cells promotes or inhibits their 
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growth as tumors, and found, for the first time, that membrane-
bound IL-17A greatly increased their proliferation and tumor-
igenicity both in vitro and in vivo. 
 
MATERIALS AND METHODS  
 
Mice and tumor cell lines 
Female BALB/c mice 6 to 8 weeks old were obtained from the 
Korea Research Institute of Chemical Technology (Korea). All 
animal procedures were approved and guided by the commit-
tee for experimental animal care of Chungnam National Uni-
versity. The murine colon tumor cell line CT26 originating from 
BALB/c mice was propagated and maintained in RPMI-1640 
(GIBCO BRL, USA) supplemented with 10% heat-inactivated 
fetal bovine serum (FBS; GIBCO-BRL), 2 mM L-glutamine, 100 
U/ml penicillin, 100 μg/ml streptomycin (Sigma St, Louis, MO) 
in humidified 5% CO2 at 37°C. G-418 (Santa Cruz, US) at 0.2 
μg/ml was used as selective agent for transfections. Cells were 
incubated for 24 hours and then exposed to medium containing 
colcemid or IL-17A. 
 
Antibodies and reagents 
Anti-IL-17A polyclonal antibody (ab79056) and FITC-
conjugated anti-MHC Class 1 (ab25056) were purchased from 
Abcam (USA). Anti-Sca1 antibody was kindly given by Dr. Al-
fred L. M. Bothwell (Yale University, USA). FITC-conjugated 
goat anti-mouse IgG and Cy3-conjugated donkey anti-rabbit 
IgG (711-165-152) were purchased from Sigma (USA). Goat 
anti-mouse (sc-2005) and goat anti-rabbit (sc-1004) HRP- con-
jugated secondary antibodies were from Santa Cruz Biotech-
nology (USA). 
 
Plasmid construction and transfection 
Mouse splenocyte cDNA was used as template to amplify S-IL-
17A and mb-IL-17 cDNAs. Mouse TNF-α cDNA was obtained 
from Dr. Sang Young Chun (Chonnam National University, 
Korea). To construct pcDNA3.1/S-IL-17A and chimeric 
pcDNA3.1/mb-IL-17Aplasmids, primers specific for S-IL-17A 
(Forward 5′ TCA GGATCCGCAAACATGAGTCCAGGG 3′, 
Reverse 5′ GGT CTCGAGTTAGGCTGCCTG GCGGAC 3′), 
mb-IL-17A (Forward 5′ AGTGGATCCAAGCAGCGATCATCC 
CTC 3′, Reverse 5′ GGTCTCGAGTTAGGCTGCCTGGCGGAC 
3′) and TNF-α (Forward 5′ TCAAGCTTATGAGCACAGAAAGC 
3′, Reverse 5′ ATTGGATCCCTCCGGCCA TAGA 3′) were 
used to amplify the respective cDNA fragments. The S-IL-17A 
(501bps) and the Mb-IL-17A (410 bps) PCR fragments were 
digested with BamHI /XhoI. A 240 bp TNF-α cDNA fragment 
encoding the transmembrane region (from -79 to -45), cyto-
plasmic region (from -44 to -24), and extracellular region (from -
23 to -5) was digested with HindIII/BamHI and ligated to the 
Mb-IL-17A expression plasmid. The chimeric cDNAs were then 
subcloned into the pcDNA3.1(+) expression vector. The con-
structs were confirmed by DNA sequencing (Genotech, Korea). 
CT26 colon cancer cells were transfected with these constructs 
or empty vector using BioT Transfection Reagent (Morganville 
Scientific, USA). After 48 h, the cells were plated in G418 (1 
mg/ml) containing medium. Drug-resistant colonies were usual-
ly visible 2-3 weeks after transfection. 
 
RT-PCR 
To examine the expression of S-IL-17A and Mb-IL-17A mRNAs, 
total RNA was extracted using a Hybrid-R kit (GeneAll, Korea). 
2 μg of total RNA was reverse transcribed using oligo (dT) pri-
mers and M-MLV reverse transcriptase (Affymetrix, USA) at 

42°C for 1 h. Semi-quantitative PCR was performed using HS-
Tag premix (Geneall, Korea) on a DNA thermal Cycler (Biorad; 
USA). 
 
ELISA for IL-17A 
An enzyme-linked immunosorbent assay (ELISA) was used to 
measure the concentration of bioactive IL-17A in culture super-
natants. 1 × 106 cells were incubated in 1 ml of culture medium 
in 24-well culture plates at 37°C for 24 h. IL-17A in the superna-
tants was measured with an enzyme-amplified sensitive immu-
noassay kit (KOMA Biotech Inc., Korea). 
 
Flow cytometric analysis 
Cells were incubated with primary antibodies diluted in staining 
buffer (1× PBS containing 0.02% sodium azide and 2% FBS) 
for 1 h at 4°C. After washing off unbound antibodies with the 
staining buffer, the cells were stained with suitable secondary 
antibodies for 45 min at 4°C in the dark. After further washing 
they were analyzed with a flow cytometer (FACSCalibur, Bec-
ton Dickinson, USA). For BrdU staining, cells were incubated 
with 50 μM BrdU for the final 12 h of culture. After harvesting, 
they were fixed in ice-cold 70% ethanol and permeabilized with 
2 M HCl. Incorporation of BrdU was determined by flow cytom-
etry after staining with anti-BrdU (Santa Cruz) and FITC-
conjugated anti-mouse IgG antibodies. 
 
In vitro cell proliferation assay 
1 × 104 cells were plated on 96-well plates. The cells were 
cultured for 72 h and their proliferation was determined by MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
assay. 
 
Tumor challenge 
Five syngeneic BALB/c mice were challenged with each 
CT26 clone. The tumor cells were washed twice with PBS 
and suspended in PBS. The 1 × 106 tumor cells in 100 μl PBS 
were injected subcutaneously into the left lower back quad-
rants of the mice with a 1 ml disposable syringe. Tumor size 
was measured serially with calipers and calculated according 
to the formula: 0.52 × S2 × L, where L is length and S is the 
width of the tumor. As controls, 5 BALB/c mice each were 
challenged with either CT26 wild-type or mock-transfected 
CT26 cells. At the end of the experiment, the animals were 
killed in a CO2-containing chamber, and the tumors were col-
lected. 
 
Analysis of cell cycle progression rate 
The Stathmokinetic method is a metaphase-arrest technique 
that provides the rate of entry to mitosis or the cell birthrate 
(Puck and Steffen, 1963). In this study, the Stathmokinetic 
agent, colcemid, was used to analyze cell proliferation. Cells 
were incubated with 0.5 μg/ml colcemid (Gibco) for 20 h and 
samples were collected periodically after colcemid removal. 
The samples were fixed with 70% ice-cold ethanol and ana-
lyzed for the DNA content with a FACSCalibur (Becton Dickin-
son, USA). Nuclear DNA was stained with 50 μg/ml propidium 
iodide after digesting cellular RNA with RNAase. 
 
Statistical analysis 
All data are presented as means ± SEMs (error bars). One way 
or two way analysis of variance (ANOVA) and Student’s t-tests 
were used to analyze differences between groups, as indicated 
in the figure legends. A P-value less than 0.05 was considered 
significant. 
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RESULTS 
 
Expression of secretory and membrane-bound IL-17A in 
CT26 colon cancer cells 
To define the role of IL-17A in cancer cells we used murine 
CT26 colorectal carcinoma cells, which are derived from 
BALB/c mice. The cells were transfected with control vector 
(pcDNA3.1+), or vectors encoding secretory IL-17A (S-IL-17A, 
1-158 a.a. of IL-17A) or membrane-bound IL-17A (Mb-IL-17A). 
Mb-IL-17A is a chimeric form of the transmembrane/cytoplas- 
mic region of TNF-α and 26-158 a.a. of IL-17A (Fig. 1A). The 
TNF-α-converting enzyme (TACE) cutting site of cytoplasmic 
region of TNF-α was excluded to create a stable membrane-
bound form of the chimeric protein (Horiuchi et al., 2010). Wild 
type CT26 cells were shown not to express endogenous IL-17A 
(Fig. 1B). Stably transfected cell lines were selected with G418, 
and expression of S-IL-17A and Mb-IL-17A mRNAs was meas-
ured by RT-PCR (Fig. 1C). Two clones each of S-IL-17A- and 
Mb-IL-17A-expressing cells were chosen for further experi-
ments and designated S11/S15 and Mb6/Mb10, respectively. 
IL-17A protein was measured by ELISA in culture supernatants 
of the CT26 sublines. It was detected in the culture supernatant 
of S-IL-17A transfectants, S11 and S15, but not in those of the 
Mb-IL-17A transfectants (Fig. 1D). Surface expression of IL-17A 
was analyzed by flow cytometry, and a significant increase of 
expression in the Mb-IL-17A clones compared with the basal 
level of wild type CT26 cells (P) and mock-transfected cells (M) 
was detected in repeated experiments (Fig. 1E). 
 
Expression of Mb-IL-17A on colon cancer cells promotes 
tumor cell growth 
The S-IL-17A and Mb-IL-17A clonal transfectants were cultured 
in conventional culture medium and their proliferation were 
analyzed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra- 
zolium bromide) assays. After 48 hours the numbers of cells of 
both of the Mb-IL-17A clones were ~2.3 fold higher than those 
of the wild-type or mock-transfected cells, whereas growth of 
the S-IL-17A transfectants was similar to that of the control 
CT26 cells (Fig. 2A). 

To see whether the difference in in vitro proliferation rate was 
reflected in the tumorigenicity of the colon cancer cells, IL-17A 
expressing and control CT26 cells were implanted subcutane-
ously into syngeneic BALB/c mice. Each of five mice per group 
was challenged with 1 × 106 clonal cells, and tumor growth was 
monitored for 1 month, during which all the IL-17A expressing 
and control CT26 cells formed solid tumors. S11 and S15 grew 
faster than the controls, but slower than Mb6 and Mb10 (Fig. 
2B). The tumor volumes formed by the S11 and S15 transfect-
ants was ~1.5 fold greater than those formed by the mock-
transfected cells on day 18 (1030 mm3 and 1034 mm3 vs. 675 
mm3) (Fig. 2C). The volumes of the tumors formed by Mb6 and 
Mb10 were ~3.9 and ~2.6 fold greater, respectively, than those 
of the controls on day 18 (2754 mm3 and 1742 mm3 vs. 675 
mm3). This result is confirmed by the photographs of the tumors 
made on day 25 (Fig. 2D). This finding demonstrates that the 
ectopic expression of IL-17A increases the tumorigenicity of 
CT26 cells, and especially of the cells expressing the mem-
brane-bound form of IL-17A. 
 
Mb-IL-17A expression on cancer cells promotes cell cycle 
progression 
To analyze how the expression of Mb-IL-17A affects cell prolif-
eration in vitro we used colcemid, a reagent inducing cell cycle 
arrest at metaphase (Kung et al., 1990; Rieder and Palazzo, 

A 
 
 
 
 
 
B                  C 
 
 
 
 
 
 
D                      E 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Generation of CT26 clones stably expressing S-IL-17A or 
Mb-IL-17A. (A) The construct of the secretory form of IL-17A (S-IL-
17A) was composed of signal sequence (1-25 a.a.) and IL-17A 
domain (26-158 a.a.). That of the membrane-bound form (Mb-IL-
17A) was composed of the cytoplasmic domain (from -75 to -45, 
CY), transmembrane fragment (from -44 to -24, TM) and 19 extra-
cellular amino acids (from -23 to -5) of murine TNF-α and the IL-
17A domain (26-158 a.a.). (B) Several tumor types were tested for 
endogenous expression of IL-17A. Meth-A; Meth-A fibrosarcoma, 
B16F10; B16 melanoma and CT26; CT26 colon cancer. (C) S-IL-
17A transfectants (S11, S15) and Mb-IL-17A transfectants (Mb6, 
Mb10) that strongly expressed IL-17A at the mRNA level, were 
used in following experiments. M; a mock-vector transfected CT26 
clone. (D) IL-17A expression in the culture supernatant of CT26 
clones was analyzed by ELISA. Wild-type CT26 cells (P) and a 
mock-vector transfected CT26 clone (M) were used as negative 
controls. (E) Membrane-bound IL-17A was stained with polyclonal 
anti-mouse IL-17A antibody and analyzed by flow cytometry. Each 
transfectant was also stained with the isotype control and Cy-3-
conjugated secondary antibody. Mean florescence intensity was 
determined by subtracting the basal level from each sample. Data 
are shown as fold change relative to the mock control (M). Data are 
means ± SEM of three independent experiments. 
 
 
 
1992). We assumed that if two different cell populations have 
different rates of cell cycling, the fraction of cells arrested at 
metaphase by colcemid over a given period of time will be dif-
ferent. Therefore, mock-control and IL-17A-expressing CT26 
tumor clones were analyzed with propidium iodide, and the 
fraction of cells in each phase was measured. Without colcemid 
treatment, the transfectants did not differ in the fraction of cells 
in each phase (Fig. 3A). After treatment with 0.1 μg/ml colcemid, 
samples were collected at two-hour intervals and stained with 
propidium iodide, and Mb6 and Mb10 were found to accumu-
late more rapidly in the G2/M phase than the other cell lines 
(Fig. 3B). In both Mb6 and Mb10, more than 60% of cells had 
entered G2/M phase by 8 h, whereas S11 and S15 accumulat-
ed in G2/M phase more slowly and the maximal fraction of cells  
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Fig. 2. Mb-IL-17A enhances the growth rate and tumorigenicity of  
CT26 cells. (A) The 1 × 104 cells of the wild-type CT26 cells (P) and  
the indicated transfectants were seeded in 96-well plates. Their  
growth rates were analyzed by MTT assay over 48 h. Data repre- 
sent means ± SEM of three independent experiments. The statisti- 
cal significance of the differences between Mb6 and MB10 vs. M  
were analyzed by one way analysis of variance (ANOVA). ***P <  
0.001. (B) Aliquots of 1 × 106 cells of each subline were injected into  
mice subcutaneously. Tumor size was measured with a Vernier  
caliper and calculated as described in “Materials and Methods”. (C)  
Tumor volumes on day 18 after tumor clone implantation. The dif- 
ferences between S11, Mb6 and MB10 vs. M were analyzed by  
one way ANOVA. *P < 0.05; **P < 0.01; NS, not significant. (D) The  
animals were killed on day 25 after tumor clone implantation, and  
tumor tissues were collected. Representative photos of the animals  
and their tumors in the various groups are shown. 
 
 
 
accumulating did not exceed 50%. These data show that the 
cell cycle progression is more rapid in the Mb6 and Mb10 cells 
than in the S11 and S15 cells or the control cells. 

It is known that when a 4N cell population synchronized by  

A 
 
 
 
 
 
 
 
 
 
 

B 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Mb-IL-17A-promoted cell cycle progression verified by col-
cemid-induced metaphase arrest. (A) Cells were seeded and cul-
tured for 30 h. Each group of cells was harvested at the indicated 
time points and stained with propidium iodide (PI). The proportion of 
cells in G1, S, and G2/M phases was measured by flow cytometry. 
(B) The 1 × 106 cells of each transfectant type were treated with 0.1 
μg/ml colcemid and the fraction of cells in G2/M phase at the indi-
cated time points was measured by PI staining and flow cytometry. 
The differences between groups were analyzed using two-way 
ANOVA. *P < 0.05; **P < 0.01; ***P < 0.001. 
 
 
 
colcemid is released from inhibition, a proportion of the cells 
produce 2N or 8N cells and the others die via apoptosis and 
senescence (Rieder and Maiato, 2004). We assumed that if the 
two different cell populations cycle at different rates, their cell 
cycle progression after release from metaphase block would be 
different. Therefore, colcemid was removed from cell cultures 
and the doubling time from 4N to 8N of the tumor clones was 
observed for 80 h. In the mock-transfected clone, and S11 and 
S15 cells, 8N DNA content peaked at 32 h, and then declined 
(Fig. 4A). However, in Mb6 and Mb10, 8N cells reached a first 
peak at 24 h and formed a second peak at 47 h, showing that the 
doubling time of 4N cells in Mb6 and Mb10 was much shorter 
than in the control and S-IL-17A transfectants (Fig. 4B). When the 
cells were monitored by optical microscopy 72 h after removal of 
colcemid, both of the Mb-IL-17A-expressing clones had formed 
larger numbers of cells than the other cell lines (Fig. 4C). Fur-
thermore, growth of the transfectants in the presence of BrdU for 
12 h resulted in significantly more BrdU incorporation into repli-
cating DNA in the Mb-IL-17A-expressing clones than in the mock 
and S-IL-17A transfectants (Fig. 4D). These data taken together 
indicate that the more rapid proliferation of the tumor cells ex-
pressing membrane-bound IL-17A is the result of faster cell cycle 
progression. Further research on downstream signaling induced 
by the membrane-bound form of IL-17A will be helpful to dissect 
the mechanism of IL-17 regulation of tumor cell growth. 
 
IL-17A stimulates Sca-1 expression in CT26 cancer cells 
To assess the expression of MHC class I molecules, wild type 
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Fig. 4. Mb-IL-17A expression enhances cell cycle progres-
sion after removal of colcemid. (A, B) The indicated trans-
fectants were treated with 0.5 μg/ml colcemid for 20 h and
the medium was replaced with fresh medium without col-
cemid. Cells were harvested at the indicated time points
and stained with PI, and the proportion of cells containing
8N DNA was evaluated by flow cytometry. The differences
between the values for MB6 at 24, 32, 47 h were analyzed
using two-way ANOVA. *P < 0.05; ***P < 0.001. (C) Photo-
graphs of the indicated cells taken 3 days after colcemid
removal. (D) Transfectants were pulse-labelled during
exponential growth with BrdU for 12 h and the BrdU incor-
poration was analyzed by flow cytometry. 

Fig. 5. Surface MHC class I expression is induced by ec-
topic expression of Mb-IL-17A. MHC class I expression
was analyzed in the indicated clones using anti-Ld MHC
Class I monoclonal antibody (24-14-8S) and FITC-
conjugated secondary anti-mouse IgG. Cells were ana-
lyzed by flow cytometry (left). The relative changes of
mean values against M, measured by flow cytometry, are
represented by the bar graphs. Differences between
groups were analyzed using two-way ANOVA. *P < 0.05;
**P < 0.01; NS, no significant (right). 

A                     B 
 
 
 
 
 
 
 
 
 
 
C 

D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CT26 and the IL-17A-transfected clones were stained with an 
anti- MHC class I-Ld monoclonal antibody. Surface expression 
of MHC class I molecules on the Mb-IL-17A-expressing clones 
was greater than on the wild type CT26 or mock-vector trans-
fected cells, but the S-IL-17A clones did not show enhanced 
expression of MHC class I molecules (Fig. 5). By blocking 
GDF10-dependent TGF-β signaling, stem cell antigen (Sca-1), 
a glycerophosphatidylinositol-linked surface protein, has been 
shown to enhance tumorigenicity (Batts et al., 2011; Upadhyay 
et al., 2011; Xin et al., 2005). Because IL-17A is an important 
TGF-β driven cytokine, the relationship between IL-17A and 
Sca-1 expression was tested. The expression of Sca-1 antigen 
on the cell surface of S-IL-17A- and Mb-IL-17A-expressing 
clones increased compared with wild type CT26 cells or mock-
vector transfected clone (Fig. 6A). The mean values of the 

peaks of Sca-1 expression in the mock, S11, S15, Mb6 and 
Mb10 cells were 9.49, 22.7, 14.62, 27.78 and 43.53, respec-
tively, after subtraction with that of each isotype control. In a 
further analysis, wild type CT26 cells were treated with the 
culture supernatant of mock-control and S11 cells for 72 h (Fig. 
6B). The supernatant of S11 clearly increased Sca-1 expres-
sion on CT26 cells, demonstrating that IL-17A induces Sca-1 
expression in the cancer cells. 
 
DISCUSSION 
 
The role of many cytokines in promoting or inhibiting tumor 
immunity has been extensively studied, but the roles of several 
cytokines remain undefined. In this study we investigated 
whether the membrane-bound form of IL-17A expressed on 
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Fig. 6. IL-17A enhances Sca-1 expression in 
CT26 cells. (A) Sca-1 expression was ana-
lyzed in the indicated clones using anti-Sca-1 
antibody and flow cytometry (left). The rela-
tive changes of mean values against M, 
measured by flow cytometry, are represented 
by the bar graphs. Differences between 
groups were analyzed using two-way 
ANOVA. **P < 0.01; ***P < 0.001 (right). (B) 
The 1 × 107 cells of the indicated clones were 
cultured in 50 ml fresh medium for 3 days. 
Each culture supernatant was collected and 
filtered through 0.22 μm filter, and wild type 
CT26 cells were incubated with 1:1 diluted 
culture supernatants for 72 hours and Sca-1 
expression was analyzed by flow cytometry. 
Differences between groups were analyzed 
using student’s t-test. **P < 0.01. 
 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
CT26 colon cancer cells promoted or inhibited tumor growth, 
and we showed, for the first time, that it greatly increased cell 
growth and tumorigenicity in vitro and in vivo. Our finding is 
based on several observations. First, Mb-IL-17A clonal trans-
fectants cultured in conventional culture medium showed great-
ly enhanced cellular proliferation (Fig. 2A). Second, when im-
planted subcutaneously into syngeneic BALB/c mice, the ec-
topic expression of Mb-IL-17A significantly increased tumori- 
genicity of CT26 (Figs. 2B-2D). Moreover the increased growth 
rate of transfectants with the membrane-bound form of IL-17A 
was shown to be due to more rapid cell cycle progression (Figs. 
3 and 4). Since the membrane-bound form of IL-17A increased 
the growth rate in culture medium in the absence of stromal or 
immune cells, it is likely that Mb-IL-17A stimulates proliferation 
by direct cell-to-cell contact. Presumably the juxtacrine commu-
nication between Mb-IL-17A and IL-17A receptors on CT26 
cells has a much more stable and stronger effect than the inter-
action between S-IL-17A and IL-17A receptors. Direct binding 
and signaling by IL-17A in cancer cells has been reported pre-
viously; endogenous secretory IL-17 was shown to directly 
induce IL-6 secretion by B16 melanoma and bladder carcinoma 
cells and thereby activate Stat3 signaling, evoking pro-survival 
and pro-angiogenic responses (Wang et al., 2009). In aspect of 
the enhanced cell cycle progression in Mb-IL-17A transfectants, 
our results are also consistent with several reports demonstrat-
ing that IL-17A modulates the expression of cell mitogens and 
cell cycle genes. In keratinocytes, secretory IL-17A directly 
promotes the proliferation and inhibits the differentiation of the 
cells by the up-regulation of cell cycle-related genes such as 

CCNE1, CDCA5, and CDCA25A (Chiricozzi et al., 2014). In the 
development of colitis-associated cancer, IL-17A knockout led 
to reduced expression of the key cell cycle regulators, cyclin 
D1, cyclin-dependent kinase 2 and cyclin E (Hyun et al., 2012). 
Further research on downstream signaling induced by the 
membrane-bound form of IL-17A should help to dissect the 
mechanism of IL-17 regulation of tumor cell growth. In contrast, 
the in vitro proliferation of CT26 transfectants producing the 
secreted form IL-17A did not differ from that of control CT26 
cells, though they did grow faster when implanted subcutane-
ously into BALB/c mice (Fig. 2). These results are consistent 
with a previous report in which secretory IL-17 transfectants of 
fibrosarcoma and colon adenocarcinoma cells grew more rap-
idly than controls in vivo but not in vitro (Numasaki et al., 2003). 

We did not observe any effect of soluble IL-17A on MHC 
class I expression (Fig. 5). On the other hand, Hirahara et al. 
reported that MHC antigen expression (class I and II) increased 
in soluble IL-17-transfected Meth-A cells, as did antitumor im-
munity mediated by CD4+ and CD8+ T cells (Hirahara et al., 
2001). The discrepancy between their results and ours may 
result from differences between the tumor models and systems. 
We also tested the effect of IL-17A on the stem cell antigen-1 
(Sca-1) since there is growing evidence of a role of Sca-1 in 
tumorigenicity (Batts et al., 2011; Upadhyay et al., 2011; Xin et 
al., 2005). Since Sca-1 is involved in TGF-β signaling this sug-
gested a possible relationship between Sca-1 and IL-17A. We 
found that the tumor clones expressing IL-17A had higher lev-
els of Sca-1 expression (Fig. 6). Furthermore, treatment of wild 
type CT26 cells with exogenous IL-17A also enhanced Sca-1 
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expression. This observation is the first evidence that IL-17A 
directly induces the expression of Sca-1. More quantitative 
analysis is required to confirm it in the future research. Further 
studies of the mechanism underlying this process should in-
crease our understanding of the effects of cytokines on tumor 
immunity in general. 
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