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Abstract
Purpose: TIAM2 (T-cell lymphoma invasion and metastasis 2), a RAC1 guanine nucleotide
exchange factor, plays crucial roles in human cancer cells. Its homolog, TIAM1, has been reported to
promote the migration and invasion of cancer cells through regulating the functions of cancer
associated fibroblasts (CAFs). However, the functions of TIAM2 in CAFs have not been investigated.
In this study, we explored how fibroblast TIAM2 influences the migration and invasion of lung cancer
cells.
Methods: We cultured primary lung CAFs and adjacent normal lung fibroblasts (NFs) from 12
non-small cell lung cancer (NSCLC) patients. RT-PCR and western blot were used to compare
TIAM2 levels between CAFs and NFs. Two co-culture systems were designed, in which cancer cells
were directly co-cultured with fibroblasts and indirectly co-cultured with conditional medium (CM)
from fibroblasts. Subsequently, the wound healing and transwell tests were conducted to assess the
migration and invasion ability of fibroblasts and co-cultured cancer cells. Finally, cytokine antibody
arrays were used to screen differentially secreted cytokines in the CM.
Results: The expression levels of TIAM2 were significantly higher in CAFs than NFs, and
TIAM2-silenced fibroblasts showed decreased migration and invasion ability. In the direct co-culture
system, the migration and invasion of cancer cells were retarded when co-culturing with
TIAM2-silenced fibroblasts, and the expression levels of EMT-related genes also changed in cancer
cells. Decreased migration and invasion of cancer cells were also observed when culturing with the
CM from TIAM2-silenced fibroblasts. In addition, the cytokine antibody arrays revealed that
Osteoprotegerin (OPG) was significantly decreased in the CM of TIAM2-silenced fibroblasts. This
result suggested that OPG might be one of the main cytokines contributing to the migration and
invasion of cancer cells in co-culture systems.
Conclusion: Our results suggest that fibroblast TIAM2 promotes the invasion and migration of
lung cancer cell, and OPG might be one of the main cytokines contributing to this pro-cancer
process.
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Introduction
Tumor microenvironment is strongly associated
with tumor progression and metastasis [1, 2].

Previous studies have reported that cancer associated
fibroblasts (CAFs) are abundant in cancer
http://www.jcancer.org
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microenvironment and play a crucial role in cancer
cell migration and invasion [3, 4]. For example, CAFs
can secrete soluble factors into the extracellular matrix
and, thus, influence the invasion of cancer cells [5-8].
Therefore, it is necessary to elucidate the mechanisms
of how CAFs affect the migration and invasion ability
of cancer cells. Meanwhile, researchers have been
concentrated on finding various biomarkers of CAFs
which are expect to be potential targets for cancer
prevention and treatment [9-13].
TIAM2 is a biomarker which has been reported
to promote the proliferation and invasion of cancer
cells. It has been found that the expression of TIAM2
promoted
epithelial-to-mesenchymal
transition
(EMT), resulting in liver cancer metastasis [14-16].
Zhao et al. reported that TIAM2 promotes invasion
and motility of lung cancer cells through activating
Rac1 and EMT process [16]. Besides, TIAM2 is also a
Rac1 specific guanine nucleotide exchange factor
(GEF) and is initially identified as the homolog of
TIAM1 [17]. In contrast, TIAM1 has been proved to
play a crucial role in migration and invasion of both
cancer cells [18, 19] and fibroblasts [20-22].
Nevertheless, the expression of TIAM2 in cancer
associated fibroblasts has not been investigated, and
the influence of fibroblasts TIAM2 on the migration
and invasion of CAFs is still unraveled.
Although previous studies have revealed that
TIAM2 exerts its pro-migration and pro-invasion
function through activating Rac1 [23-26], the
mechanism of how fibroblast TIAM2 affects cancer
cells in the microenvironment is elusive. In contrast,
TIAM1 has been found to promote cancer cell
invasion and metastasis through CAFs [20, 21]. The
experiments of Xu et al. indicated that fibroblast
TIAM1 may play a role in modulating the tumor
microenvironment and, thus affecting cancer cell
invasion and metastasis [20]. It was also found that
fibroblast TIAM1 could regulate breast cancer
invasion and metastasis through TIAM1-osteopontin
pathway [21]. Additionally, TIAM1-regulated
Osteopontin in senescent fibroblasts was also found to
promote the migration and invasion of associated
epithelial cells [22]. However, whether fibroblast
TIAM2 could affect the migration and invasion of
cancer cells through similar mechanisms has not been
characterized.
In the current study, we investigated the
expression of TIAM2 on CAFs and its influence on the
migration and invasion of cancer cells. To determine
how cancer cells were affected by fibroblast TIAM2,
we silenced the expression of TIAM2 in fibroblasts,
and assessed the migration and invasion ability of
cancer cells in the direct and indirect co-culture
system. Specifically, the conditional medium (CM) of
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fibroblasts was used to culture cancer cells in the
second system. Furthermore, cytokine antibody
arrays were used to screen differentially secreted
cytokines that might contribute to the migration and
invasion of cancer cells.

Materials and methods
Reagents and antibodies
Anti-β-actin and GAPDH antibodies were
purchased from Sigma-Aldrich (St Louis, MO, USA).
Anti-α-SMA and Vimentin antibodies were purchased from Abcam (Cambridge, UK). Anti-TIAM2 and
E-cadherin antibodies were purchased from Santa
Cruz (CA, USA). Anti-N-cadherin antibody was
purchased from Cell Signaling Technology (MA,
USA). RNA interference was performed using Lipofectamine RNAiMAX Reagent (Invitrogen, Thermo
Fisher Scientific, USA). Three siRNAs of TIAM2
(siT-1, siT-2, siT-3) were designed and synthesized by
Ribobio (Guangzhou, China). The target sequences
were: 5’-GAGGCTCTTTCCTTTATTA-3’ (siT-1), 5’-C
CGTCATACTGGTTTATAA-3’ (siT-2) and 5’-GGGAA
CTGATCCATACGAA-3’ (siT-3). A scramble siRNA
was purchased from Santa Cruz (CA, USA) and used
as control siRNA (siNC).

Cell line culture
Human lung adenocarcinoma cell line A549 and
human lung fibroblast cell line MRC5 were bought
from Cell bank of Chinese Academy of Sciences
(Shanghai, China). Human umbilical vein endothelial
cell line HUVEC was bought from Genechem (Shanghai Genechem Co., Ltd. China). A549 and HUVEC
were cultured in RPMI-1640 (Gibco, Thermo Fisher
Scientific, USA) supplemented with 10% FBS. MRC-5
was cultured in αMEM (Gibco, Thermo Fisher
Scientific, USA) supplemented with 10% FBS. All the
cell lines were incubated at constant conditions 37 °C
and 5% CO2.

Isolation and culture of CAFs and NFs
Human lung cancer-associated fibroblasts
(CAFs) and paired normal lung fibroblasts (NFs) were
isolated from surgically resected lungs from NSCLC
(non-small cell lung cancer) patients (Table 1) as
previously reported [27, 28]. Briefly, approximately
5mm3 lung cancer and normal lung tissues were
minced into 1mm3 pieces and planted into cell culture
flasks respectively. DMEM/F12 (Gibco, Thermo
Fisher Scientific, USA) supplemented with 10% FBS
and 1% antibotics (penicillin and streptomycin) were
added to the flasks. After 3 to 7 days, the cells outgrew
from the tissue pieces. When the cells reached 80%
confluency, they were harvested and re-planted at a
density of 1 × 104 cells/cm2. Cells were incubated at 37
http://www.jcancer.org
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°C in 5% CO2 atmosphere. The fibroblasts were
separated from contaminating epithelial and immune
cells by differential trypsinization. Finally, cells from
passages 3–7 were used for all experiments.
Table 1. Patient demographics, tumor stage and histology
Sample
Patient1
Patient2
Patient3
Patient4
Patient5
Patient6
Patient7
Patient8
Patient9
Patient10
Patient11
Patient12

Age
51
48
70
66
62
54
48
56
65
54
52
76

Sex
Female
Male
Female
Male
Male
Male
Male
Male
Male
Female
Female
Male

Stage
T3N0M0 IIB
T2bN0M0 IIA
T1N2M0 IIIA
T2bN0M0 IIA
T1bN0M0 IA2
T2N2M0 IIIA
T3N1M0 IIIA
T2bN0M0 IIA
T3N0M0 IIB
T4N1M0 IIIA
T2N0M0 IIA
T2N2M0 IIIA

Histology
Adenocarcinoma
Squamous cell carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous cell carcinoma
Adenocarcinoma
Squamous cell carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous cell carcinoma

Immunofluorescence microscopy
Cells were cultured in confocal dishes, fixed with
4% paraformaldehyde for 15 min and permeabilized
with 0.2% TritonX-100 for 10 min. Blocking was
performed in 5% BSA for 30 min at room temperature.
Subsequently, cells were incubated with primary
antibodies overnight at 4 °C. Cells were then washed
with PBS and incubated with Alexa Fluor secondary
antibodies at room temperature for 1 hour. After
washed with PBS, cells were mounted with DAPI
staining solution. Primary antibodies targeting αSMA
and vimentin were purchased from Abcam
(Cambridge, UK). Besides, Alexa Fluor secondary
antibodies
were
purchased
from
Jackson
ImmunoResearch (West Grove, PA, USA). Finally, the
fluorescence was observed by confocal laser-scanning
microscope system DeltaVision (GE Healthcare, UK),
and images were processed with relevant software.

Flow cytometry and cell sorting
Human lung adenocarcinoma cell line A549 was
harvested from flasks and rinsed with PBS for three
times. Then, it was stained with cell labeling reagent
Calcein-AM (AAT Bioquest, USA) at 37 °C in 5% CO2
atmosphere for 30 minutes. We washed the cell line
A549 three times with PBS and directly co-cultured it
with lung fibroblast cell line MRC5, respectively.
After three days, cancer cells were sorted using a
FACSAria II (BD Biosciences).

RNA extraction and quantitative real-time
PCR
Total RNA was extracted using TRIzol reagent
(Invitrogen, USA) following the manufacturer's
instructions. RNA was reverse-transcribed into cDNA
using the Primescript RT reagent kit with gDNA
Eraser (Takara Bio Inc., Japan). The PCR system was

performed using SYBR Premix Dimer Eraser kit
(Takara Bio Inc). At the end of the PCR cycles, melting
curve analyses were conducted to confirm the
specificity of the PCR products. The GAPDH primer
sequences were 5’-GGAGCGAGATCCCTCCAAAAT
-3’ (forward) and 5’-GGCTGTTGTCATACTTCTCAT
GG-3’ (reverse). The TIAM2 primer sequences were 5’
-TACCACCTGACGGAAGCACTA-3’ (forward) and
5’-ACACGGTCCCATAATCCTCATA-3’ (reverse).

Western blot
The cells were lysed in RIPA buffer with 1%
PMSF. The proteins were separated on 10%
SDS-polyacrylamide gels and were transferred to
PVDF membranes (Millipore). The membranes were
blocked in 5% fat-free milk in TBST and then
incubated with primary antibodies overnight at 4 °C.
After washed three times with TBST, membranes
were incubated with secondary antibodies at room
temperature for 1 hour and were washed three times
again. Protein bands were visualized using an
enhanced chemiluminescence reagent (GE Healthcare, UK) and quantified by densitometry using
ChemiDoc XRS+ image analyzer (Bio-Rad, USA).

Migration and invasion assay
In order to perform the migration assay, we
conducted the wound healing and transwell
experiments. In the wound healing assay, cells were
seeded in 6-well plates. When cells grew to 100%
confluency, the monolayers were scratched by a
1000-μL pipette tip and washed with PBS. The photographs were taken every 24 hours and the migration
rates were calculated. Specifically, we designed three
groups of wound healing experiments. (1) Human
lung fibroblast cell line MRC5 was transfected with
TIAM2-siRNA/NC-siRNA after 100% confluency. (2)
MRC5 was transfected with TIAM2-siRNA/NCsiRNA and co-cultured with cancer cell line A549. (3)
The conditional medium produced by TIAM2siRNA/NC-siRNA treated MRC5 was used to culture
cancer cell line A549. In addition, transwell experiments were also performed using 24-well transwell
chambers with 8-μm pore size (Corning). Cells were
harvested and rinsed with PBS. Then, cells were
resuspended in serum-free RPMI- 1640 and seeded in
the upper chamber. The lower chamber contained 600
μL of complete growth medium (RPMI-1640
supplemented with 10% FBS). In the invasion assay,
the upper chambers were coated with Matrigel. After
the incubation at 37 °C for 24 hours, non-invading
cells on the upper membrane were removed with a
cotton swab. Cells invaded to the lower surface of the
membrane were stained with 0.1% crystal violet. The
stained cells were photographed and quantified by
http://www.jcancer.org
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counting the number of cells.

Conditional medium and cytokine antibody
array
Fibroblasts were seeded in 6-well plates and
transfected by TIAM2-siRNA or NC-siRNA. When
cells reached to 100% confluency, the medium was
replaced with serum-free RPMI-1640. After 48 hours,
the cell-culture media were collected and centrifuged
at 10000 g for 15 min at 4 °C. The condition medium
was used for various cell experiments and the
cytokine antibody array, according to the standard
instruction. The cytokines with significantly different
expression levels were screened out by the array.

Statistical Analysis
All the experiments data in our study were
processed using graphpad and expressed as the mean
± SEM. Statistical significance was evaluated by
student t test or paired t test, and p < 0.05 were
considered as statistically significant.

Results
CAFs expressed higher levels of TIAM2 than
NFs
TIAM2 has been proved to promote cancer cell
invasion and migration in many researches. However,
the functions of TIAM2 in CAFs were not
investigated. To determine whether TIAM2 is a
differentially expressed gene between CAFs and NFs,
we searched available GEO microarray data which
compare CAFs and NFs, and we focused on the
expression difference of TIAM2. As shown in Figure
1A, we used the data from Series GSE22874, and the
microarray gene expression analysis of 15 pairs CAFs
and NFs from NSCLC patients showed that TIAM2
expression levels were significantly higher in CAFs
than NFs (p = 0.0058). In addition, we analyzed the
data from Series GSE48397, and found that TIAM2
expression levels were higher in mouse lung CAFs
than NFs (p < 0.0001, Figure 1B). More importantly,
Kaplan–Meier survival analysis of data from the
online tool Kmplot [29] revealed that the expression of
TIAM2 is adversely related to the outcome of lung
cancer patients (Figure 1C).
In our research, twelve paired cancer-associated
fibroblasts (CAFs) and normal fibroblasts (NFs) were
isolated from lung cancer tissues and adjacent lung
tissues as previously mentioned. Cell authentication
and purity were checked by specific immune staining
with Vimentin, a mesenchymal marker and α-smooth
muscle actin (α-SMA), a marker of myofibroblasts
(Figure 1D). We confirmed this result by performing
western blot experiments (Figure 1E). Consistent with
previous reports [3], CAFs expressed higher levels of
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fibroblast markers compared with NFs. In order to
exclude the existence of other cell types, the epithelial
marker Ep-cam and the endothelial marker CD31
were also examined. As shown in Figure 1F, primary
cell CAFs and NFs expressed no EpCAM compared
with the lung cancer cell line A549, and no CD31 was
expressed compared with the endothelial cell line
HUVEC. These results collaboratively confirmed the
purity of CAFs and NFs cultured in our experiments.
After the verification and purification process, we
examined TIAM2 expression levels of these CAFs and
NFs using RT-qPCR (Figure 1G, p = 0.0006), and the
results were consistent with the data from GEO
database. Besides, identical results were obtained
when we examined the protein levels of TIAM2 by
western blot (Figure 1H-I, p = 0.0029). These results
cohesively confirmed that lung CAFs express higher
levels of TIAM2 than NFs.

Silencing TIAM2 attenuated fibroblast
migration and invasion
In previous researches, TIAM2 showed the
ability of promoting the migration and invasion of
lung cancer cells, and CAFs also play similar roles in
the cancer microenvironment. Moreover, fibroblast
TIAM1, the homolog of TIAM2, has also been proved
as a modulator of tumor cell invasion and metastasis.
Therefore, we inferred that TIAM2 might exert similar
functions as TIAM1. Firstly, we performed the wound
healing experiments with respect to the human lung
fibroblast cell line MRC5 to investigate the
relationship between TIAM2 and fibroblasts (Figure
2A). We silenced the expression of TIAM2 in MRC5
using three siRNAs (siT-1, siT-2, siT-3). As shown in
Figure 2B, the result indicated that the expression of
TIAM2 was successfully downregulated after
performing the silencing. The wound healing
confluence rates of the control group siNC and three
TIAM2-siRNAs were 66.85% ± 1.35%, 55.40% ± 1.80%,
48.41% ± 1.92% and 54.37% ± 1.64%, respectively
(Figure 2C, p1 = 0.007, p2 = 0.0014, p3 = 0.0042). These
statistics showed that the migration of cells was
delayed after silencing TIAM2 compared with the
control group. In addition, Figure 2D showed
decreased number of passed cells in the transwell
tests. Specifically, the migration rates of siNC and
three TIAM2-siRNAs were 31.34% ± 1.81%, 21.17% ±
0.84%, 16.63% ± 0.97% and 19.14% ± 1.25%,
respectively (Figure 2E, p1 = 0.007, p2 = 0.002, p3 =
0.0052). The invasion rates of siNC and three
TIAM2-siRNAs were 32.26% ± 1.97%, 12.42% ± 1.11%,
15.53% ± 0.88% and 15.25% ± 1.23% (Figure 2F, p1 =
0.0009, p2 = 0.0015, p3 = 0.0018). According to these
results, we demonstrated that TIAM2 promoted the
migration and invasion of lung fibroblasts.
http://www.jcancer.org
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Figure 1. TIAM2 expression levels in lung CAFs and NFs. We analyzed the expression difference using data from GEO database and cultured primary lung CAFs and
NFs. (A) TIAM2 expression levels difference among 15 pairs of human primary fibroblasts in GEO database (GSE22874). (B) TIAM2 expression levels difference of
5 pairs mouse primary fibroblasts in GEO database (GSE48397). (C) Kaplan-Meier survival curves in lung cancer patients showing overall survival (OS) with high (red)
and low (black) expression of TIAM2. Hazard ratio (HR) and p value are indicated. (D) Immunofluorescence images of CAFs and NFs showing α-SMA and Vimentin
positive staining. (E) Western blot showing the expression of Vimentin and α-SMA in purified CAFs and NFs cells. (F) Western blot showing CAFs and NFs express
no EpCAM and CD31 compared with the cancer cell line A549 and the endothelial cell line HUVEC. (G) RNA expression levels of TIAM2 (RT-PCR) of human
primary fibroblasts cultured in our experiment. (H-I) Protein levels of TIAM2 in human primary fibroblasts by western blot.

Silencing TIAM2 fibroblasts retarded cancer
cell invasion and migration in directly
co-cultured model
Given that TIAM2-siRNA slowed down the
migration and invasion of fibroblasts, we further
examined whether TIAM2-silenced fibroblasts could
affect the migration and invasion of cancer cells.
Therefore, we co-cultured TIAM2-silenced fibroblasts
with A549 cells. As shown in Figure 3A, we
conducted the wound healing tests to show the

difference after performing the silencing. The wound
healing confluence rates of siNC and three
TIAM2-siRNAs were 68.31% ± 1.60%, 37.73% ± 1.79%,
38.46% ± 2.24% and 45.86% ± 0.43% (Figure 3B, p1 =
0.0002, p2 = 0.0004, p3 = 0.0002). These results revealed
that TIAM2-silenced fibroblasts delayed the migration
of cancer cells. In order to highlight the variation of
the migration and invasion ability of cancer cells, we
sorted calcium-AM labeled cancer cells by flow
cytometry as the schematic shown in Figure 3C.
Figure 3D showed the process of separating
http://www.jcancer.org
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calcium-AM labeled cancer cells from fibroblasts by
flow cytometry. After that, we performed the
transwell experiments using these sorted cancer cells
(Figure 3E). The migration rates of siNC and three
TIAM2-siRNAs were 53.63% ± 1.52%, 31.81% ± 0.97%,
22.59% ± 1.35% and 34.75% ± 2.30%, respectively
(Figure 3F, p1 = 0.0003, p2 = 0.0001, p3 = 0.0024). The
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invasion rates of siNC and three TIAM2-siRNAs were
65.98% ± 2.27%, 31.31% ± 1.36%, 31.85% ± 1.15% and
42.05% ± 1.28% (Figure 3G, p1 = 0.0002, p2 = 0.0002, p3
= 0.0008). These results indicated that the migration
and invasion of cancer cells were inhibited after
co-culturing with TIAM2-silenced fibroblasts.

Figure 2. Silencing TIAM2 delayed the migration and invasion of MRC5. (A) The wound healing experiments after silencing TIAM2 in MRC5. (B) Decreased number
of cells after silencing TIAM2 in the transwell tests. (C) TIAM2 expression difference after the silencing. (D) Averages of wound area confluence rate. (E-G)
Averages of migration rate and invasion rate.

http://www.jcancer.org
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Figure 3. TIAM2-silenced fibroblasts directly co-cultured with cancer cells. (A) The wound healing experiments of co-cultured cancer cells and TIAM2-silenced
fibroblasts. (B) Averages of wound area confluence rate. (C) Scheme showing the method of co-culturing TIAM2-silenced fibroblasts with cancer cells. (D) Cancer
cell sorting using flow cytometry from co-cultured cells. (E) Transwell experiments using sorted cancer cells from flow cytometry. (F, G) Averages of migration rate
and invasion rate. (H) The expression of E-cadherin, N-cadherin and Vimentin in sorted cancer cells by western blot.

http://www.jcancer.org
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EMT process has been reported to be crucial to
cell migration and invasion [3, 30]. In addition, the
epithelium marker E-cadherin and mesenchymal
marker Vimentin are widely used as representative
EMT markers. As a result, we examined the
expression of E-cadherin, N-cadherin and Vimentin of
sorted cancer cells by western blot. As compared in
Figure 3H, we can see that the expression of
E-cadherin was increased after the knockdown of
TIAM2 in fibroblasts, while the N-cadherin and
Vimentin protein levels were decreased. These results
suggested that TIAM2-silenced fibroblasts might
retard the migration and invasion of co-cultured
cancer cells through the EMT process.

Cancer cell invasion and migration retarded by
conditional medium of TIAM2-silenced
fibroblasts
Considering that the secretion of fibroblasts can
influence cancer cells, to further investigate the
mechanism how TIAM2-silenced fibroblasts affect the
cancer cells in detail, we used the conditional medium
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(CM) of TIAM2-silenced fibroblasts to culture A549
cell line. Similarly, we also conducted the wound
healing experiments (Figure 4A). As the statistics
given in Figure 4C, the wound healing confluence
rates of siNC and three TIAM2-siRNAs were 93.78% ±
0.26%, 83.09% ±0.57%, 78.00% ±0.62% and 77.43% ±
0.20% (p1, p2, p3 < 0.0001). These results revealed that
the CM of TIAM2-silenced fibroblasts delayed the
migration of cancer cells. Moreover, as the transwell
experiments shown in Figure 4B, the migration rates
of siNC and three TIAM2-siRNAs were 19.84%
±0.39%, 13.63% ±0.46%, 10.03% ±0.48% and 6.57%
±0.64% (Figure 4D, p1 = 0.0005, p2 < 0.0001, p3 <
0.0001), and the invasion rates of siNC and three
TIAM2-siRNAs were 26.26% ± 1.00%, 18.46% ±
0.34%,14.89% ± 0.64% and 10.95% ± 0.90% (Figure 4E,
p1 = 0.0018, p2 = 0.0007, p3 = 0.0003). These results also
confirmed the decreased migration and invasion
ability of cancer cells in the CM produced by
TIAM2-silenced fibroblasts.

Figure 4. Cancer cells cultured with conditional medium from TIAM2-silenced fibroblasts. (A) The wound healing experiments of A549 cultured with conditional
medium. (B) Transwell experiments of A549 cultured with conditional medium. (C-E) Averages of wound area confluence rate, migration rate and invasion rate.

http://www.jcancer.org
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Osteoprotegerin significantly decreased in the
conditional medium of TIAM2-silenced
fibroblasts

induced the variation of relevant cytokines secreted
by fibroblasts, which might inhibit the migration and
invasion of cancer cells.

Cytokines have been reported to play important
roles in regulating cancer cell migration and invasion
[31-33]. Therefore, we used Abcam human cytokine
antibody array to screen the differential secretion
profiles of cytokines in the CM from siNC-silenced
MRC5 and TIAM2-silenced MRC5. Given that the
interfering performance of siT-2 was better than siT-1
and siT-3, we used the CM from siT-2-silenced MRC5.
As shown in Figure 5A-B, Osteoprotegerin was the
most significantly decreased cytokine in siT-2-CM
compared with siNC-CM. In addition, the decreased
expression levels of Osteoprotegerin in TIAM2silenced fibroblasts were confirmed by western blot
(Figure 5C).
Considering the expression of Osteopontin was
significantly increased in TIAM1-silenced fibroblasts
as previously reported [21, 22] and TIAM1 is the
homolog of TIAM2 [17], similarly, we examined the
expression of Osteopontin in TIAM2-silenced fibroblasts. As shown in Figure 5C, there was no significant Osteopontin expression difference between the
siT-1-silenced MRC5 and siNC-silenced MRC5. In
contrast, the expression of Osteopontin in siT-2 and
siT-3 silenced MRC5 were slightly lower than
siNC-silenced MRC5. These results collaboratively
indicated that the knockdown of TIAM2 in fibroblasts

Discussion

CAFs have been proved to promote the
migration and invasion of cancer cells [3, 4], and we
also noted that the TIAM-family could promote the
proliferation and invasion of cancer cells in previous
researches [14, 15]. Specifically, the functions of
TIAM1 with respect to fibroblasts and cancer cells
have been clarified [19, 21] and TIAM2 has also been
proved to directly increase the migration and invasion
ability of cancer cells [14-15, 34]. Nevertheless, the
functions of TIAM2 in CAFs were largely unknown.
In the current study, we established primary cell
CAFs and NFs from lung cancer patients, and found
that human lung CAFs expressed significantly higher
levels of TIAM2 than NFs. In addition, TIAM2 might
induce the CAFs to secrete several types of cytokines
which promote the migration and invasion of cancer
cells in co-culture models. These findings indicated
the roles of TIAM2 in lung cancer microenvironment.
Given that CAFs could promote the migration
and invasion of cancer cells, we inferred that TIAM2
might affect cancer cells through CAFs. Since the roles
of TIAM2 in cancer associated fibroblasts remained
unclear, we first compared the expression levels of
TIAM2 between CAFs and NFs, and our experiments
showed that human lung CAFs
expressed higher levels of TIAM2 than
NFs (Figure 1). This was consistent
with the research of Chen et al., which
found that the liver tumor tissues
expressed higher level of TIAM2 than
matched non-tumor tissues [14].
Other studies showed that
TIAM2 promoted the proliferation and
invasion of cancer cells [14-16]. For
example, Chen et al. reported that
TIAM2 could promote the proliferation and invasion of liver cancer cells
[14]. Zhao et al. also found that TIAM2
enhanced non-small cell lung cancer
cell invasion and motility [16].
Moreover, TIAM2 was also reported to
regulate cellular motility by activating
Rac1-mediated focal adhesion disassembly, which was required for cell
migration [23]. To further investigate
the mechanism of how TIAM2 affected
Figure 5. Differentially secreted cytokines in conditional medium. (A) The cytokine profiles of
cancer cells in the tumor microenconditional medium from siNC silenced MRC5 and siT-2 silenced MRC5 were screened using the
vironment, TIAM2-silenced fibroblasts
Abcam human cytokine antibody array. The signal of the most significantly decreased cytokine
were directly and indirectly coOsteoprotegerin was marked. (B) Analysis of the spot intensity difference between siNC-CM and
siT-2-CM. (C) Verification of Osteoprotegerin and Osteopontin expression using western blot.
cultured with cancer cells. This
http://www.jcancer.org
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experiment design was inspired by the research of
Yoshida et al., in which two kinds of co-culture
systems were applied [35]. Their results indicated that
the direct co-culture system could simulate the
microenvironment of CAFs to the greatest extent
while the indirect approach could only reflect the
effect of conditional medium. In our study, we at first
directly co-cultured the MRC5 with A549 (Figure 3C)
and the results suggested that TIAM2 might exerted
the function of pro-migration and pro-invasion to
cancer cells partly through fibroblasts. These findings
went a step further than previous researches which
only found the relationship between TIAM2 and
cancer cells [14-16]. Compared with TIAM1, which is
involved in both anti-cancer and pro-cancer
mechanisms [18, 20], TIAM2 only exerted pro-cancer
function.
Meanwhile, we also conducted the indirect
co-culture to determine whether TIAM2 affected
cancer cells by secreting cytokines in the conditional
medium. Our findings showed that the CM produced
by TIAM2-silenced fibroblasts could retard the
migration and invasion of cancer cells. Besides, we
found that cytokine Osteoprotegerin (OPG)
significantly decreased in the CM of TIAM2-silenced
fibroblasts (Figure 5B). Cytokine OPG was also
known as the tumor necrosis factor receptor
superfamily member 11B (TNFRSF11B), which was
first discovered to play a role in the regulation of bone
density [36]. Previous studies also showed that OPG
promoted tumor cell growth and facilitated metastasis
of breast, prostate and lung cancer [37-39]. For
example, Zahia et al. showed that OPG regulated the
migration of cancer cells through SDF-1/CXCR4 axis
and promoted cancer development [40]. Russmueller
et al. revealed the upregulation of OPG expression
was related to bone invasion in oral cancer [41]. Our
findings suggested that fibroblast TIAM2 influenced
the expression of OPG, and OPG might be one of the
main cytokines contributing to the pro-cancer process.
This phenomenon suggested that OPG might be a
potential therapeutic target in tumor treatment. In
contrast, TIAM1-deficient fibroblasts have been
proved to induce increased cancer cell migration and
this process was dependent on fibroblast secretion of
Osteopontin [21, 22]. However, our results showed
that Osteopontin was slightly downregulated in
TIAM2-deficient fibroblasts.
In this study, we demonstrate that CAFs express
higher level of TIAM2 than NFs, and the expression of
TIAM2 in CAFs promotes cancer cell migration and
invasion. Moreover, cytokine OPG might be one of
the main contributors to this effect. Our findings also
indicate that more researches should be performed to
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elucidate other mechanisms of how CAFs influence
the migration and invasion of cancer cells.
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