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Background and purpose: Colorectal cancer (CRC) frequently metastasizes to the liver,
which involves the participation of multiple cytokines. Tumor microenvironment (TME)
composed of cancer-associated fibroblasts (CAFs) and tumor cells acts as an essential factor
in cancer metastasis. Transforming growth factor 1 (TGFp1) is a vital cytokine involved in
migration and invasion of cancer cells. However, the underlying mechanisms remain unclear.
In the present study, we aimed to investigate the role and molecular mechanisms of TGFB1 in
TME.

Methods: The conditioned medium prepared from colorectal cancer HCT116 and HT29
cells was used to culture mesenchymal stem cells (MSCs). The differentiation of MSCs to
CAFs was detected by flow cytometry. The role of TGFB1 in colorectal cancer cells
metastasis was examined by wound-healing assay and transwell assay. And the activation
of the Janus kinase/signal transducer and activator of transcription 3 (JAK/STAT3) signaling
pathway was measured by Western blot assay.

Results: TGFB1 induced the differentiation of MSCs to CAFs and improved HCT116 and
HT29 cells migration and invasion. Meanwhile, TGFf1 also upregulated the phosphorylation
of STAT3 and enhanced the nuclear localization of p-STAT3, which activated JAK/STAT3
signaling pathway.

Conclusion: TGFB1 induced the differentiation of MSCs into CAFs and promoted the
migration and invasion of HCT116 and HT29 cells, which depended on the activation of
JAK/STAT3 signaling pathway.

Keywords: TGFB1, JAK/STAT3, MSCs-CAFs differentiation, migration and invasion

Introduction
Colorectal cancer (CRC) is one of the most common malignant tumor in the world.'
By the year 2030, 2.2 million patients will be diagnosed as colorectal cancer and the
global burden of this disease will increase by 60%." The clinical data showed that
about 14-18% of colorectal cancer patients suffered postoperative metastasis, and
more than half of these metastases developed in liver, which had been considered as
the main cause of death.” Therefore, a better understanding of the underlying
molecular mechanism involved in the metastasis of colorectal cancer is essential
for preventing the progression and developing the more efficient therapies.

The “seed and soil theory” has revealed that the metastasis of malignant tumors
is dependent on specific tumor microenvironment (TME), which has received more
attention recently.> The complex TME was composed of tumor cells, fibroblasts,
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immune and inflammatory cells, bone-marrow-derived
inflammatory cells, as well as the extracellular matrix,
microvessels and biomolecules.* Studies have found that
circulating tumor cells are dormant after reaching the
corresponding target organs and require the corresponding

TME to form metastases.’

Mesenchymal stem cells
(MSCs) were involved in the formation of CRC primary
lesion. And the differentiation of MSCs to cancer-asso-
ciated fibroblast (CAFs) promoted the proliferation of
cancer cells and the formation of tumor blood vessels.®’
CAFs were heterogenous fibroblasts, and unlike the nor-
mal fibroblasts, CAFs could promote cancer stem cell
renewal and atmosphere forming capacity and contribute
to tumor genesis.® Unfortunately, the mechanism of corre-
sponding TME formation is still unclear.

The evidences showed multiple cytokines might be
necessary in the differentiation of MSCs into CAFs. One
of the key cytokines plays an important biological role in
mediating tumor metastasis is TGFB1.” Studies have
shown that TGFB1 compels hematopoietic stem cell to
differentiate toward myofibroblast via JAK/STAT3 signal
pathway.'® TGFB1 has also been reported to be secreted by
tumor cells in a form of paracrine to stimulate the fibro-
blasts activation and MSCs differentiation.""!? In addition,
the exosome and cytokines secreted by tumor cells and
CAFs may induce MSCs to synthesize a-SMA and tumor-
promoting factors, which may promote the proliferation,
migration and invasion of colorectal cancer cells.'® These
evidences suggested that TGFB1 might be involved as a
significant active factor in the progression and develop-
ment of CRC.

Thus, we hypothesize that the growth factor TGFp1
induces differentiation of MSCs into CAFs and promotes
the migration and invasion of HCT116 and HT29 cells via
activating JAK/STAT3 signaling pathway, which ulti-
mately accelerates the formation of TME for liver
metastasis.

Materials and methods

Cell culture

The human colorectal carcinoma cell lines (HCT116,
HT29) and bone-marrow-derived MSCs were obtained
from ATCC. HCT116 and HT29 cells were cultured in
McCoy’s 5a Medium (Gibco), supplemented with 2
mmol/L glutamine (Sigma, Spain) and 10% of FBS (fetal
bovine serum, Gibco), at 37°C, 95% of air and 5% of carbon

dioxide (CO,). MSCs were cultured in colorectal cancer

cells’ conditioned medium (CM) at 37°C, 95% of air and
5% of CO,. colorectal cancer cells’ CM: HCT116 or HT29
cells were first cultured in general medium. When the cells
were in the logarithmic growth phase, general medium was
replaced with serum-free medium. The supernatant was
collected as conditioned medium after 48 hrs. The
TGFpB1-block peptide P17 were synthesized (AnaSpec,
USA). P17 (100 mg/mL) was pre-treated with cells for
blocking TGFp1 effects. AG490 (10 pM), purchased from
MedChemExpress, was subjected to block JAK/STAT3
signaling pathway.

ELISA assay

The supernatants of HCT116 and HT29 cells were col-
lected after 48 hrs. The concentration of TGFB1, TNFa,
HGF and PDGF in the supernatants was determined by
ELISA kit, purchased from R&D. The OD (optical den-
sity) value was detected by a microplate
(Thermofisher, USA) at 450 nm.

reader

Cell proliferation assay

Cell counting kit-8 (CCKS, Univbio, China) was utilized
for cell proliferation assay. MSCs were planted in a 96-
well plate (2.5%10% cells for each well), and cultured in
colorectal cancer cells’ CM (HCT116-CM or HT29-CM
group) or pre-treated with P17 conditioned medium
(HCT116-CM+P17 or HT29-CM+P17 group). Serum-
free medium were set as blank control group (Control-
CM group). At the 24th/48th/72th hour after seeding,
100 pL of CCK-8 solution were added for staining. The
absorbance at 450 nm was measured via a microplate
reader (Thermofisher, USA) after a 2 hrs incubation at
room temperature. Triplicates were performed for each
condition.

Sphere formation assay

MSCs were seeded in 6-well Corning plates (2.5x10° cells
for each well) with serum-free medium (Control-CM
group), colorectal cancer cells’ CM (HCT116-CM or
HT29-CM group) or pre-treated with P17 conditioned med-
ium (HCT116-CM+P17 or HT29-CM+P17 group). The
spheres in each well were numbered and photographed via
an inverted microscope (Zeiss, Japan) after 15 days.'*

Flow cytometry of CAFs biomarkers

CAFs biomarkers were recognized by a flow cytometer
(BD Biosciences, USA). MSCs from various culture con-
ditions were gathered. After resuspended with PBS in a
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1.5 mL eppendorf tube, primary antibodies for CAFs spe-
cific protein: a-SMA, Vimentin or FSP1 (Mouse Anti-
Human, Bioss, China) were added in eppendorf tubes,
respectively (1:100). After a 1 hr incubation at room
temperature, the supernatant was disposed. Cells were
washed with PBS for 3 times. The FITC labeled secondary
antibodies (Goat Anti-Mouse, Bioss, China) were added in
each eppendorf tube (1:200) and incubated in dark for 1 hr
at room temperature. The cells were washed for 3 times
with PBS and then analyzed with BD FACS Calibur
System (BD Biosciences, USA).

Quantitative real-time PCR

The qRT-PCR was performed according to the general pro-
tocol: RNA was extracted via TRIzol (Thermo Fisher, USA)
and cDNA was synthesized via Prime Script RT Reagent kit
(Takara, Japan). RT-PCR was performed using ABI 7500
(Life Tech, USA). The relative expression levels of mRNA
were determined using a SYBR-Green PCR master mix kit
(Thermo Fisher, USA). Gene expression was evaluated using
the 2724 method. GAPDH was used as control.

Wound-healing assay

The wound-healing assay was performed as common proto-
col: 3x10° of HCT116 or HT29 cells were seeded in each well
of'a 6-well plate (Corning, USA) in McCoy’s Sa Medium with
10% FBS, and cultured at 37°C, 5% of CO, for 24 hrs to form
a monolayer."> The middle of the monolayer was scratched
using a Cell Scraper (Sigma-Aldrich, USA). PBS was used to
wash the well. Subsequently, serum-free medium (Control-
CM group), serum-free medium with 10 uM TGFp1 (Control-
CM group + TGFp1), colorectal cancer cells’ CM (HCT116-
CM or HT29-CM group) or pre-treated with P17 conditioned
medium (HCT116-CM+P17 or HT29-CM+P17 group) were
added to the wells, respectively. The scratched monolayer was
incubated at 37°C in an atmosphere of 5% CO, for 48 hrs.
Wound closure was measured in 3 random fields in each well
using an inverted microscope (DMil, Leica, Germany).
Triplicates were performed for each group.

Transwell assay

The transwell assay for the ability of invasion was performed
as the following protocol:'> the polycarbonate membranes
with 8-um pore (Corning, USA) were placed on 24-well
Transwell plates (Corning, USA). Subsequently, the mem-
branes were coated with matrigel (20 pg per well) and dried
in air for 1 hr at 37°C. The other side of the membranes was
coated with fibronectin (5 pg per well). 2x10°> of HCT116

cells were placed on the Matrigel side of membranes. Serum-
free medium (Control-CM group), serum-free medium with
10 uM TGFp1 (Control-CM group + TGFp1), colorectal
cancer cell’s CM (HCT116-CM or HT29-CM group) or
pre-treated with P17 conditioned medium (HCT116-CM
+P17 or HT29-CM+P17 group) were added in the upper
chamber. The concentration of FBS in upper chamber was
2.5% and the FBS in the lower chamber was 10%. The
transwell plate was incubated for 8 hrs at 37°C and 5%
CO,. The cells on the matrigel side of the membrane were
scrubbed off with a cotton pad. The membranes were fixed in
95% ethanol and 5% acetic acid for 30 mins and stained with
crystal violet. The number of cells in 3 random visual fields
were calculated using an inverted microscope (DMi8, Leica,
Germany). Triplicates were performed for each group.

Nuclear and cytoplasmic extraction and

Western blot analysis

The Western blot assay was performed as the classic
protocol.'® Cells cultured in different conditioned medium
were collected and proteins were extracted by using RIPA
buffer (Beotime Insitute of Biotechnology, China). The NE-
PER™ Nuclear and Cytoplasmic Extraction Reagents Kit
(Thermo Fisher, USA) was performed to measure p-STAT3
expression in cytoplasm or nuclei. The concentration of
protein was measured using a Commassie Blue Staining
Kit (Beyotime, China). Subsequently, 150 pL of lysate pro-
tein were mixed with 50 pL of 4x loading buffer and boiled
for 5 mins. Equal amounts of total protein were separated by
10% SDS gel (sodium dodecyl sulphate-polyacrylamide)
electrophoresis and transferred onto polyvinylidene difluoride
membranes (Beyotime, China). The membranes were immu-
noblotted, respectively, with following primary antibodies: p-
JAKI1 (1:500), JAK1 (1:500), p-STAT3 (1:1000), STAT3
(1:1000), E-cadherin (1:500), N-cadherin (1:500) and vimen-
tin (1:500), GAPDH (1:5000) and Lamin A (1:2000). All of
the antibodies were obtained from Cell Signaling
Technology, USA. After incubation overnight at 4°C, the
antibodies were blocked with 0.5% of bovine serum albumin.
The horseradish peroxidase linked secondary antibodies
(Beyotime Institute of Biotechnology) were applied and
DAB (3,3-diaminobenzidine tetrahydrochloride) (Beijing
Liuyi Biotechnology Co., Ltd., Beijing, China) was used to
visualize blot. The amount of total protein was semiquanti-
fied as ratio to GAPDH on each gel. Lamin A and GAPDH
served as the normalized controls for nuclear and cytoplas-
mic fractions, respectively.

OncoTargets and Therapy 2019:12

submit your manuscript

5325

Dove


http://www.dovepress.com
http://www.dovepress.com

Tan et al

Dove

Statistical analysis

The data of this study were performed using SPSS 19.0
software (SPSS, USA) and GraphPad Prism 5.0 software
(GraphPad, USA). Analysis of variance was calculated by
the Student’s test (z-test) or one-way ANOVA analysis. The
data were presented as mean + standard deviation (SD).
P<0.05 was considered to indicate a statistically significant
result. All experiments were repeated at least three times.

Results

Colorectal cancer cells’ CM promotes
the proliferation and differentiation of
MSCs to CAFs

We first measured the expression level of growth factors in
the conditioned medium of colorectal cancer -cells
(HCT116-CM and HT29-CM). In the conditioned med-
ium, growth factors such as TGFB1, TNFo, HGF and
PDGF were examined via ELISA kit assay. The result
showed that the concentration of TGFB1, TNFa, HGF
and PDGF were significantly upregulated both in
HCT116-CM and HT29-CM (Figure 1A). Moreover, the
number of MSCs cultured in serum-free medium (control-
CM) was significantly less than that in colorectal cancer
cells’ CM, and the cells were in poor condition with some
cells floating in the medium (Figure 1B). The adherent
cells in colorectal cancer cells’ CM group were spindle-
like, which were different from the globoid cells in con-
trol-CM group. It indicated that these cells had differen-
tiated to CAFs. The proliferation of MSCs
significantly increased after treated with colorectal cancer
cells CM via CCK-8 assay (Figure 1C). And we found
that the ability of sphere formation of colorectal cancer
cells’ CM cultured MSCs was distinctly strengthened
(Figure 1D). To ensure whether colorectal cancer cells’
CM could induce the differentiation of MSCs to CAFs, the
CAFs-related biomarkers such as a-SMA, vimentin, FSP1
was detected by flow cytometry (Figure 1E). The results

was

showed that colorectal cancer cells’ CM promoted the
sphere formation of MSCs and increased the level of
CAFs-related biomarkers, which suggested that colorectal
cancer cells’ CM promoted the generation of CAFs.

TGFBI induces the proliferation and

differentiation of MSCs to CAFs
To further verify our hypothesis that TGFB1 is the key
factor to mediate the metastasis, we applied TGFp1

blocking peptide P17 for pre-treating with colorectal can-
cer cells. As shown in Figure 2A, the number of MSCs in
the control-CM group and the HCT116-CM+P17 or HT29-
CM+P17 group was significantly less than that in the
HCT116-CM or HT29-CM group, with some cells floating
in the medium. And the result of CCK-8 assay also
showed that the increasing proliferation of MSCs incu-
bated with HCT116-CM or HT29-CM group was inhibited
by exposure to P17 treatment (Figure 2B). In addition, the
sphere formation analysis was similar to CCK-8 assay
(Figure 2C). Moreover, flow cytometry revealed that the
CAFs-related biomarkers such as a-SMA, vimentin, FSP1
were downregulated in HCT116-CM+P17 or HT29-CM
+P17 group and control-CM group compared to those in
HCT116-CM or HT29-CM group (Figure 2D), which sug-
gested that the differentiation of MSCs cells was prohib-
ited with TGFB1-blocking peptide P17. These findings
suggested that TGFB1 acted as a key factor modulating
the differentiation of MSCs to CAFs.

TGFBI enhances the migration and
invasion of HCT 116 and HT29 cells

To determine the role of TGFB1 on metastasis, the migra-
tion and invasion of HCTI116 and HT29 cells were
assessed by wound-healing assay and transwell assay at
indicated times. As shown in Figure 3A and B, HCT116
and HT29 cells migration and invasion significantly
increased in the control-CM+TGFf1 group and HCT116-
CM or HT29-CM group, while this effect was abolished
by TGFB1-blocking peptide P17. Epithelial-mesenchymal
transition (EMT) is a vital mechanism of cancer metasta-
sis. To further investigate, the relative expression of E-
cadherin, N-cadherin and vimentin were measured by
gRT-PCR and Western blot assay. As shown in Figure
3C and D, the expression of N-cadherin and vimentin
were upregulated, whereas the expression of E-cadherin
was downregulated after TGFB1 treatment. These mole-
cules showed an opposite expression following exposure
to P17. Therefore, these results demonstrated that TGFB1
enhances the migration and invasion of HCTI116 and
HT29 cells.

JAK/STAT3 signaling is involved in TGFB1-
induced migration and invasion of
HCTI16 and HT29 cells

STAT3 is a key transcription factor, which is involved in
cell proliferation, survival and stress. It was reported that
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free medium for 48 hrs, the media was saved to perform TGFpI, TNFa, HGF and PDGF levels via Enzyme-linked immunosorbent assay (ELISA). ¥P<0.05 and **P<0.01 vs
Con-CM. (B) The condition of MSCs cultured under serum-free medium (Con-CM) or HCTI116 or HT29 conditioned medium (HCT116-CM or HT29-CM) for 48 hrs.
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the activation of JAK/STAT3 induced by TGFB1 promoted
the tumorgenesis of lung carcinoma cells. To verify our
hypothesis, the STAT3 inhibitor AG490 was pre-treated
with HCT116 cells. First, the JAK/STAT3 protein expres-
sion was measured by Western blot. The result showed

that TGFB1 activated the phosphorylation of JAK1 and
STAT3 (Figure 4A). And then, in order to further deter-
mine JAK/STAT3 signaling may be involved in regulating
TGFp1-induced EMT, the agent AG490, a STAT3 inhibi-
tor, was used. As shown in Figure 4B and C, the TGFp1

5328  submit your manuscript OncoTargets and Therapy 2019:12

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dovepress Tan et al

A Con-CM Con-CM+TGFp1 HCT116-CM

Con-CM Con-CM+TGFp1 HT29-CM

HCT116-CM+P17

HT29-CM+P17

Oh
Area wound healed
per field (%)

24 h

Area wound healed
per field (%)

Invasion cells per field

e RN N
HT29-CM

ko]
[0}
=
p
[}
o
2
8
[ =
S
(7}
©
g N
Dgon:gMWGF 1 5 Con-CM
byl b Con-CM+TGFB1
= HCT116-CM E-cad | wwe o - 1.5+ = Con- B
c15- = HCT116-CM
St = HCT116-CM+P17 _ e ot
§ N-cadl- - — -| 3 . - )
QL *x we " o * - - x
Sl = B = = Vimentin | e W W ww | = 01 _..
< g =
z GAPDH [ ———]
N Q 0.5
Eos s B 6,0‘} L 2
2 S N 5
k) N © N o
© (NN SN,
o & & 0.0
0.0- o b E-cad N-cad Vimentin
E-cad N-cad Vimentin
© Con-CM
15+ = Con OM TGB! Bl Bl 0.8 == = Con-CM+TGFR1
s i e Tl - = HT29-CM
a . K0} * *k -
2 ” = HT29-CM+P17 N-Cad | s - _— — % o L o = HT29-CM+P17
S . *x — V.9 L
x1.04 = [
:10 = xx Vimentin —— — o)
At o
2 5 0.4+
L‘Eﬁos GAPDH m 2
g ®
S 0.2
K. & O «,19 N
[0} @) X S O
© o4 S 4

E-cad N-cad Vimentin E-cad N-cad Vimentin

Figure 3 Blocking TGFB I inhibits the migration and invasion of HCT 116 and HT29 cells. (A) In wound-healing assay, HCT 16 cells were pre-treated with TGFBI| or P17
before incubating with different CM and the cells motility was measured. **P<0.01. (B) Transwell invasion assay of TGFBI| or P17 pre-treated HCTI 16 cells following
exposure to different CM for 48 hrs. *¥P<0.01. (C) qRT-PCR analysis of epithelial-mesenchymal transition (EMT) markers such as N-cadherin, E-cadherin and vimentin.
**P<0.01. (D) Western blot analysis of EMT markers such as N-cadherin, E-cadherin and vimentin. *P<0.05 and **P<0.01 vs Con-CM. *P<0.05 and **P<0.01 vs HCT | 16-CM.
**P<0.01 vs HT29-CM. Data are presented as mean * standard deviation of three independent experiments.

Abbreviations: Con, control; CM, conditioned medium.

OncoTargets and Therapy 20 | 9: | 2 submit your manuscript | www.dovepress.com 53 29

DovePress


http://www.dovepress.com
http://www.dovepress.com

Tan et al Dove
pJaKt [ o w—— | e
- Q' E-cad|® == S we - -
= ® o
3 ©1 N-cad| s " wu - o o
T <
X
< '@0 Vimentin D c D w— —
= S0.
¥ E s GAPDH | - - - a— a— —
3 17
a 400 Con-CM +  + + - - -
» > > X TGFR1 -  + o+ - - -
o KR O N
&£ @ F AG490 - - o+ -+ -
N & & HeTHecMm - - -+ o+ s
& P17 - - - - -
& X
© RS
p-JAK1
E-cad| g wo 4R Su S -
JAK1
N-Cad | " s S — -
-STAT3
P Vimentin | - e o s —
Con-CM  + + + - - -
GAPDH TGFR1 - +  + - - -
AG490 - - + + -
HT29-CM - - - + + +
& P17 - - - - o+
—  1.5- 1.0
g 3 E - -
3 =
- 7} 2 0.8
ke N - — £ £c
58 107 2 LE
.5_9 ° o @ 0.64
u & SE
2% 2 23 04
© 0.5+ S 2%
° © S
[0] o] 0]
o h4 @ 0.2
0.0- 0.0 0.0
Con-CM + b + - - - Con-CM + + + - - - Con-CM + + + - - -
TGFB1 - + + - - - TGFB1 - + + - - - TGFB1 - + + - - -
AG490 - - + - + - AG490 - - + - + - AG490 - - + - + -
HCT116-CM - - - + + +  HCT116-CM - - - + + + HCT116-CM - - - + + +
P17 - - - - - + P17 - - - - - + P17 - - - - - +
1.5+ 1.5+ 1.0+ o
[] — — s - =
;4 (] ]
k] - 2 . 3 08
& — = 13 c - - m cc
© T 1.0 o107 T =
58 2R 2E o6
8. Q0 oo
oe oz %~§04
=0 o 4
£ 051 £ 05 £'%
° © o} i
4 2 g o2
0.0 0.0- 0.0-
Con-CM  + + + - - - Con-CM  + + + - - - Con-CM  + + + - - -
TGFB1 - + + - - - TGFB1 - + + - - - TGFB1 - + + - - -
AGA490 - - + - + - AG490 - - + - + - AGA490 - - + - + -
HT29-CM - - - + - + HT29-CM - - - + + + HT29-CM - - - + + +
P17 - - - - - + P17 - - - - - + P17 - - - - - +

Figure 4 TGFB! induces HCT| 16 and HT29 cells migration and invasion via activating JAK/STAT3 signaling. (A) The expression of p-JAKI, JAKI, p-STAT3, STAT3 was
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Abbreviations: Con, control; CM, conditioned medium.

increased the level of N-cadherin and vimentin expression
and decreased the level of E-cadherin expression, whereas
this effect were reversed by AG490. Meanwhile, the inva-
sive and migratory cells number was also markedly

decreased while adding AG490 (Figure SA-D), which is
similar to the effect of P17. To further explore the correla-
tion of TGFB1 and JAK/STAT pathway, we detected the
expression of p-STAT3 in cytoplasm and nucleus. We
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found a considerable increase in p-STAT3 expression in
nuclues versus the cytosol (Figure SE). GAPDH was used
as a cytosol marker and Lamin A was used as a nuclues
marker. Thus, the results confirmed that TGFB1 enhanced
p-STAT3 expression and nuclear location, while this effect
was blocked by AG490 or P17, which verified that the
function of TGFB1 in metastasis was in a STAT3-depen-
dent manner.

Discussion

It was realized that the TME played a key part in tumor
progression.'”'? One of the fundamental part of TME is
CAFs.**?' CAFs were
inflammation through NF-kB pathway.”>** The activated

involved in tumor-associated

NF-xB induced the overexpression of chemokine CCL2
and pro-inflammatory cytokine, cyclooxygenase 2 (COX-
2), which produced in CAFs.** The chemokine CCL2
could recruit the blood mononuclear cells to tumor site,
which is helpful for the generation of tumor-related
macrophages.”* Meanwhile, COX-2 induces the expres-
sion of prostaglandin E2, which promotes the proliferation
of malignant colonic epithelial cells.”>*® On the other
hand, the CAFs secreted ECM (extracellular matrix), col-
lagen and lysyl oxidase (LOX).””*® ECM usually served
as a pool of tumor growth factors, and LOX cross-linked
to type I collagen to form a scaffold for tumorigenesis.?®
Interestingly, the mechanical stress from the firm collagen
scaffold induced CAFs to express MMPs (matrix
metalloproteinase).”’” The CAFs-induced MMPs could
mediate the degradation of ECM, which caused cancer
cell invasion.”” The origin of CAFs was complexed.
Stellate cell, smooth muscle cell, endothelial cell, epithe-
lial cell or resident fibroblast could be transformed into
CAFs via different mechanisms.** It is difficult to identify
the source of CAFs and conduct the appropriate treatment
of colorectal cancer. Here we found that MSCs, as the
essential part of TME, differentiated into CAFs within
specific microenvironment, which participated in the can-
cer metastasis.

The evidences showed that the TGFB1 participated in
tumorigenesis, development and metastasis.>® The high
level of TGFB1 was associated with poor postoperative
metastasis in colorectal cancer.’' In the present study, we
observed that TGFB1 promoted the differentiation of
MSCs into CAFs via upregulating the expression of a-
SMA, vimentin and FSP1, which were considered as the
CAFs biomarkers. The a-SMA (a-smooth muscle actin)
was the fibrotic specific protein which played an important

role in fibrogenesis. It had been widely used in the evalua-
tion of CRC progression in recent years.”>*** Vimentin
was an intermediate filament protein, usually expressed in
mesenchymal cells. Vimentin composed the cytoskeleton
with microtubules and microfilaments; thus, it was known
as the biomarker of mesenchymal-derived cells. The level
of vimentin might indicate the progress of CAFs.>*>’
FSP1, also known as CXCLI1 (C-X-C motif chemokine
ligand 1), was a growth factor combining with G-protein
coupled receptor. FSP1 could be secreted by CAFs and
enhanced the progress of cancers.”®>° In this study, we
found the aberrant expression of these CAFs-related bio-
markers. One possible mechanism might be: TGFB1 bound
to TGFp1 receptors on MSCs and activated Smad2/3 and
P38,* mediate the activation of CXCR4 (C-X-C chemo-
kine receptor type 4)/SDF1 (stromal cell-derived factor-1)
pathway, and upregulated the expression of fibroblast-spe-
cific proteins such as a-SMA, promoted the differentiation
of MSCs into CAFs.*' We used the synthetic peptide P17
to block TGFp1 signal pathway, and found the levels of a-
SMA, vimentin and FSP1 were downregulated. It demon-
strated that TGFB1 played a critical role in the differentia-
tion of MSCs into CAFs.

On the other hand, we found TGFB1 could activate
JAK/STAT3 pathway. The activation of the STAT3 signal-
ing pathway has been proved to associate with cancer cell
invasion and metastasis.*> And the aberrantly activation
STAT3 was found in various tumor tissues.**** After JAK
was phosphorylated, it recruited STAT3 monomers to pro-

. 45,4
dimers.*>%¢

duce  homologous or heterogonous
Subsequently, STAT3 enters the nucleus and binds to
DNA to mediate the synthesis of downstream protein,
which involved in cell proliferation, differentiation, apop-
tosis, angiogenesis, immune response and metastasis.*>**°
The previous study also showed the important role of
TGFpB1 in the TME. TGF-B1 could directly regulate the
expression of MMP9, VEGF and SDF-1. In the TME,
tumor cells could remodel the surrounding tissues by
MMP to achieve invasion and metastasis; VEGF and
SDF-1 secreted by cancer cells could promote endothelial
cell proliferation. These chemokines in TME and promotes
cell proliferation, migration and mediates metastasis and/
or homing to the secondary site.*”* In the present study,
the invasion and migration of colorectal cancer cells were
suppressed after STAT3 signaling pathway was blocked by
AG490. Combining the results above, we deduced TGF1
activated the JAK/STAT3 pathway, thereby promoting the

migration and invasion of colorectal cancer cells.
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Conclusions

In conclusion, the findings of the present study verified the
biological functions of TGFB1 in the differentiation of
MSCs into CAFs, and provided evidence that the TGF1
promoted the invasion and metastasis of HCT116 and HT29
cells. In conclusion, TGFp1 is an essential growth factor to
advance the formation of TME through the activation of
JAK/STATS3 signaling pathway, which promotes the tumor
metastasis (Figure SF). This mechanism represents potential
molecular targets for the treatment of this disease. However,
due to multiple growth factors secreted by cancer cells, we
need to further explore the effects of other growth factors
such as PDGF, HGF on cancer metastasis and the present
study of TGFBI in TME is desired to confirm in vivo.
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