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MicroRNA-105 is involved in TNF-α-related
tumor microenvironment enhanced
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Abstract
TNF-α is a central proinflammatory cytokine contributing to malignant tumor progression in tumor microenvironment. In
this study, we found the upregulation of miR-105 in colorectal cancer was associated with aggressive phenotype, and
the enhanced expression of miR-105 was required for TNF-α-induced epithelial–mesenchymal transition (EMT). The
expression of miR-105 was remarkably stimulated by TNF-α in a time-dependent manner using real-time qPCR analysis.
Inhibition of miR-105 remarkably weakened the aggressive effects of TNF-α through preventing the activation of NF-κB
signaling and the initiation of EMT. Furthermore, miR-105 was demonstrated directly targeted on the 3′-UTRs of RAP2C, a
Rap2 subfamily of small GTP-binding protein. Consistently, suppression of RAP2C stimulated the role of miR-105, which
dramatically promoted the invasion and metastasis of CRC cells. Thalidomide, a TNF-α and NF-κB inhibitor, significantly
weakened the metastasis and homing capacity of miR-105-overexpressed CRC cells in nude mice. Our investigation
initiatively illustrated the modulatory role of miR-105 in TNF-α-induced EMT and further CRC metastasis. We also offer a
better understanding of TNFα-induced metastasis and suggest an effective therapeutic strategy against CRC metastasis.

Introduction
Tumor necrosis factor-alpha (TNF-α), a critical

proinflammatory cytokine intensively studied in the
immune system, is also established to regulate the process
of immunity, cell homeostasis, and tumor progression1.
As well as other inflammatory mediators brought by the
influx of inflammatory cells in the cancer stroma, TNF-α
is a vital participant in tumor progression through
enhancing cancer cell proliferation, survival, and
migration2,3. TNF-α significantly promotes tumor
lymphangiogenesis, lymphatic metastasis4, and cerebral
metastasis of breast cancer5. TNF-α also function as an

important mediator of the colitis-related colorectal
carcinogenesis6. In several cancer cells, TNF-α produced
by both tumor and immune cells contributes to cancer
initiation and progression probably through facilitating
epithelial–mesenchymal transition (EMT)7–10.
Inflammatory microenvironment changes are frequently

accompanied by molecular alternations in tumor tissues.
MicroRNAs (miRNAs) are considered as potential mediators
that regulated their targeting genes through binding to the
3′-untranslated region (UTR) of mRNA transcripts11.
Hsa-miR-19a was proved to participate in lymph metastasis
and mediates TNF-α-induced epithelial–mesenchymal
transition in colorectal cancer12. Several miRNAs are aber-
rantly expressed in CRC, and their dysregulation constantly
result in cancer progression and clinical outcome13–16.
Nevertheless, identification of miRNAs involved in proin-
flammatory factors induced initiation and progression of
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colorectal cancer, still requires further and extensive
investigations.
In this article, our investigation illustrated a novel

molecular mechanism underlying the metastatic behavior
of colorectal cancer cells. It would undoubtedly prompt
the application of miRNA-based technology in ther-
apeutic strategies against CRC metastasis.

Materials and methods
Chemicals
Unless otherwise specified, all chemicals were

purchased from Sigma-Aldrich (St. Louis, MO, USA),
enzymes from New England Biolabs (Ipswich, MA, USA),
and culture medium from Gibco Invitrogen
(Carlsbad, CA, USA). Lipofectamine 2000 and Trizol
reagents were purchased from Invitrogen (Carlsbad, CA,
USA). The nucleoprotein and cytoplasm-protein extrac-
tion kit was obtained from FD Bioscience (Hangzhou,
Zhejiang, China). Recombinant human TNF-α was
obtained from Peprotech (Rocky Hill, NJ, USA). The
peptide was first diluted in water as stock and further
diluted in medium containing bovine serum albumin at a
final concentration of 20 μg/ml.

Antibodies
Antibodies targeting E-cadherin, N-cadherin, β-catenin,

fibronectin, vimentin, β-actin, and all unconjugated
secondary antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA); Antibodies against
ZO-1, p65, p-IKK, IKKβ, p-IKBα, IKBα, and IKKα were
obtained from Cell Signaling Technology (Danvers, MA,
USA); Antibody to RAP2C was purchased from Abcam
(Cambridge, MA, USA); Antibody targeting β-tubulin was
obtained from Ray Antibody (Beijing, China) and antibody
to Histone H3 (K4) was purchased from Bioworld
(St. Louis Park, MN, USA). All the primary antibodies
were used at a dilution of 1:1000 in PBST Buffer (137 mM
NaCl, 2.7 mM KCl, 8 mM Na2HPO4, 1.46 mM KH2PO4,
0.05% Tween-20) with 5% non-fat dry milk.

Cell culture
The normal human colon epithelial cell line FHC and

CRC cell lines including LS174T, LoVo, HT29, SW620,
SW480, and HCT116 were purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China).
All cells were cultured following instructions in RPMI
supplemented with 10% fetal bovine serum (FBS) at 37 °C
with a humidity of 90–95% and 5% CO2

17.

Tumor tissue samples
Fresh primary CRC specimens with paired normal

colorectal tissues were obtained from the Tumor Tissue
Bank of Nanfang Hospital. Pathological diagnosis was
made in the department of pathology before patients

undergoing elective surgery in Nanfang Hospital between
2007 and 2010. All experiments performed are endorsed
by the Ethics Committee of Southern Medical University
and complied with the Declaration of Helsinki. No
informed consent was required because data were going
to be analyzed anonymously.

Micro-RNA and interference RNA transfection
miR-105-5p mimic, nonspecific miR control, anti-miR-

105-5p, and a nonspecific anti-miR control were
all purchased from GenePharma (Shanghai, China). They
were transfected at a working concentration of 100 nM
using Lipofectamine 2000 reagent. RNA samples were
extracted from subconfluent cells in the exponential
phase of growth.

Cell proliferation assays
Cell proliferation assays were carried out using Cell

Counting Kit 8 (CCK8) (Dojindo; Kumamoto, Japan).
Cells were plated in 96-well plates at a density of 1× 104

cells per well and cultured in the growth medium. At the
indicated time points, the number of cell in triplicate wells
was measured using the absorbance at 450 nm of reduced
WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfo-phenyl)-2H-tetrazolium,monosodium salt).

RNA isolation, reverse transcription, and real-time
quantitative PCR
Total RNA was extracted using Trizol reagent accord-

ing to manufacturer’s protocol and our previous report15.
To quantitate the expression of miR-105, total RNA was
polyadenylated and underwent Reverse transcription
using an ALL-in-OneTM miRNA qRT-PCR Detection
System (GeneCopoeia). Reverse transcription of RAP2C
was performed as previously described15. Real-time
quantitative PCR (qPCR) was carried out using SYBR
Green PCR master mix (Applied Biosystems; Foster City,
CA, USA) on ABI 7500HT system. GAPDH or U6 snRNA
was chosen to be endogenous control. All the primers
were purchased from Invitrogen (Carlsbad, CA, USA).
The expression level of each targeted gene was normal-
ized as fold change compared with control or reference
group. Fold changes were calculated through relative
quantification (2�ΔΔCT ).

Wound-healing and Transwell migration assay
HCT116 and SW480 CRC Cells were seeded onto

24-well plates and grown to confluence. After starvation
in serum-free medium for 12 h, cells were gently wounded
using pipette tips. Images were taken at 0, 12, and 24 h
after wounding. The motility of CRC cells was assessed
through the distance between the wound edges. CRC cells
cultured in 200 μl 1640 were seeded in the upper chamber
of the Transwell insert, while 600 μl medium with 20%
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FBS was put in the lower chamber. Cells were cultured for
24 h and that invaded to the underside of the membrane
were fixed and stained with crystal violet. Cells were
counted from five random fields of view and the mean
value was calculated from three independent experiments.

Animals
All animal experiments were carried out with the

approval of the Southern Medical University Animal Care
and Use Committee in accordance with the guidelines
for the ethical treatment of animals. Nude nu/nu mice
were maintained in a barrier facility in racks filtered with a
high-efficiency particulate air filter. The animals were fed
an autoclaved laboratory rodent diet. The mice in this
study were purchased from the Experimental Animal
Centre of Southern Medical University, which is certified
by the Guangdong Provincial Bureau of Science.

Lung colonization assay
HCT116 CRC cells were transduced with LV-miR-NC

and LV-miR-105 Lentivirus for 72 h. CRC cells (5× 106

per mouse) w/o miR-105 overexpression were injected
into the tail veins of 6-week-old nude mice, respectively.
Thalidomide (1.5 mg/kg) was intraperitoneally injected
everyday to control and miR-105 stable overexpressing
mice to observe the influence of TNF-α inhibitor on
miR-105-induced tumor metastasis. The mice were all
killed 8 weeks later, at which time individual organs were
removed and metastatic tissue was analyzed using
hematoxylin and eosin (H&E). Number of metastatic lung
nodules in individual mice was counted under the
microscope.

Bioinformatics
Potential miRNA targets were predicted using three

publicly available algorithms: TargetScan, Diana, and
miRDB18. The predicted targets were chosen only when
they were positive in all three analyses. Normalized
expression values for mRNA and miRNA data in color-
ectal cancer were downloaded from The Cancer Genome
Atlas (TCGA, http://cancergenome.nih.gov/) and
358 samples were used. All analyses were performed with
R (R is a language and environment for statistical
computing).

miRNA target validation
The full-length of RAP2C 3′UTR were amplified by PCR

and cloned at the downstream of the firefly luciferase gene
in the psiCHECK-2 vector (Promega; Madison, WI, USA).
This vector was named wild-type (wt) 3′UTR. Site-
directed mutagenesis of the miR-105-binding site in the
RAP2C 3′UTR was carried out using the GeneTailor Site-
Directed Mutagenesis System (Invitrogen) and named
mutant (mt) 3′UTR. For reporter assays, the wt or mt 3′

UTR vector and miR-105 mimic or inhibitor were
co-transfected. Luciferase activity was measured at 48 h
after transfection using Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA).

Preparation of lentiviral vectors
A DNA fragment corresponding to pre-miR-105 and

the flanking sequence was amplified from human genomic
DNA and then cloned into pGLV3/H1/GFP+ puro
lentiviral vector (http://www.genepharma.com). The
production, purification, and titration of lentivirus were
performed as previously described16. The packaged len-
tiviruses were named LV-miR-105. The empty lentiviral
vector LV-con was used as a control.

Statistical analysis
Data were analyzed using SPSS version 19.0 statistical

software (SPSS, Chicago, USA). For qRT-PCR assay, all
values were expressed as the mean± SD and the data were
statistically analyzed by T test to assess the statistical
significance of the differences. P values are labeled in the
figures.

Results
Overexpression of TNF-α is associated with colorectal
cancer progression
TNF-α was demonstrated more abundantly expressed

in CRC tissues compared with adjacent normal mucosa,
and its expression is positively correlated with Dukes’
stages19,20. Normalized expression values of mRNA data
in colorectal cancer downloaded from The Cancer Gen-
ome Atlas and a published high-throughput microarray
dataset (NCBI/GEO/GSE39582; n= 566) were used for
line chart plotting. Only 20 representative genes and the
median value of their expression in different colorectal
cancer stages were shown in the line chart. We identified
a correlation between the transcription of TNF-α/ NF-κB-
induced genes and CRC progression (Fig. 1a). TNF-α/
NF-κB-induced genes was selected based on published
papers21,22. In addition, TNF-α obviously switched
HCT116 cells from a fibroblastic-like appearance to a
cobblestone-like phenotype after 48 h of recombinant
human TNF-α treatment, indicating an epithelia-
mesenchymal transition (Fig. 1b). Coupled with the
morphologic changes of EMT, TNF-α could also enhance
the invasive ability of HCT116 cells in a time-dependent
manner (Fig. 1c). Both SW480 and HCT116 cells were
used to elucidate the effects of TNF-α on EMT markers
and only a representative set of data was displayed.
Recombinant TNF-α significantly decreased the expres-
sion of epithelial markers including E-cadherin, β-cate-
nim, and ZO-1, whereas increased that of mesenchymal
markers containing vimentin, N-cadherin, and fibronectin
(Fig. 1d). In order to make those changes easily to be
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traced, gray values generated by Image J were displayed on
the blots.

miR-105 is involved in TNF-α related colorectal cancer
progression
Inflammatory microenvironment changes are frequently

accompanied by molecular alternations in tumor tissues
and miRNAs are usually considered as potential media-
tors. In this study, we found the expression of miR-105
was remarkably stimulated by TNF-α in a time-dependent
manner using real-time qPCR analysis (P< 0.05, Fig. 2a).

TNF-α enhanced cell migration could be totally abrogated
by silencing of miR-105 in HCT116 cells (Fig. 2b). Fur-
thermore, introduction of anti-miR-105 in TNF-α-treated
cells remarkably rescued the suppression of epithelial
markers and restrained the stimulation of mesenchymal
markers, suggesting an essential role for miR-105 in TNF-
α-inducing EMT (Fig. 2c).

miR-105 is overexpressed in CRC tissues and cell lines
Real-time qPCR was used to measure the expression

of miR-105 transcripts in CRC tissues and cell lines.

Fig. 1 Overexpression of TNF-α is associated with colorectal cancer progression. a Line chart showing the relationship between TNF-α-NF-κB
targeted genes and CRC progression. Twenty representative genes were chosen for line chart plotting. b The morphology of cultured HCT116 cells in
response to TNF-α for different periods of time (0–48 h) was observed under an inverted microscope. c Transwell assay on PBS and recombinant
human TNF-α treated SW480 cells. The cells were counted under a microscope in five randomly selected fields. Bars of below represent the number
of invaded cells (mean ± SD, n = 3). d Western blotting analysis was performed to detect EMT markers in both SW480 and HCT116 cells after TNF-α
treatment for 24 h and 48 h (a representative set of data was shown, n = 5)
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Fig. 2 (See legend on next page.)
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Thirty-one pairs of fresh CRC tissues with adjacent normal
mucosa were measured, among which nine cases were
metastatic CRC (mCRC) while 22 cases were non-meta-
static CRC (nmCRC). Heat map clearly showing the
expression of miR-105 in both CRC tissues and their
adjacent normal mucosa (Fig. 2d). Our data indicated that
miR-105 was significantly upregulated in 77.4% (24/31) of
CRC tissues examined compared to the adjacent normal
tissues (P= 0.031). Moreover, the expression of miR-105
in mCRC tissues was dramatically higher than that in
nmCRC tissues (P= 0.021, Fig. 2e, left panel). Aberrantly
expressed miRNAs were also investigated through ana-
lyzing a published high-throughput microarray dataset
(NCBI/GEO/GSE68377; n= 7). Consistently, the
microarray result showed that the expression of miR-105
was upregulated an average of 1.046 fold in CRC tumor
tissues compared with normal colorectal mucosa tissue
specimens (P= 0.024, Fig. 2e, right panel). Increased
expression of miR-105 was also found in CRC cell
lines including HT29, SW620, SW480, and HCT116,
compared with normal human colon epithelial cell line
FHC (Fig. 2f).

Overexpression of miR-105 enhances CRC cell migration
and epithelial–mesenchymal transition in vitro
To evaluate the effects of miR-105 on the malignant

behavior of colorectal cancer cells, we transfected
HCT116 and SW480 cells with miR-105 mimic oligo-
nucleotides. Anti-miR-105 oligonucleotides were used
to silence the expression of miR-105. Transfection effi-
ciency was monitored through detecting the expression
level of miR-105 using real-time qPCR (P < 0.05,
Fig. 3a). Transwell and wound-healing assays indicated
that overexpression of miR-105 dramatically increased
the migration and motility potential of CRC cells
(P < 0.05, Fig. 3b, c and Supplementary Fig. 1A, C). In
contrast, cells transfected with anti-miR-105 oligonu-
cleotides significantly reduced the aggressive effects of
CRC cells (P < 0.05, Fig. 3b, c and Supplementary
Fig. 1B, D). CCK-8 assay was also performed to reveal

the influence of miR-105 on cell proliferation. However,
overexpression of miR-105 did not influence the pro-
liferation of either HCT116 or SW480 cells (Data not
shown). We performed western blot assays to investi-
gate effects of exogenous miR-105 on the expression of
EMT makers in both HCT116 and SW480 cells. Our
data supported a positive role of miR-105 on the process
of EMT since it dramatically suppressed the expression
of epithelial markers (E-cadherin, β-catenin, and ZO-1),
whereas increased that of mesenchymal markers
(N-cadherin, fibronectin, and vimentin). In contrast,
suppression of miR-105 remarkably inhibited EMT
process in CRC cells indicated by the increased
expression of epithelial markers and suppressed
expression of mesenchymal markers (Fig. 3d). These
findings supported a stimulatory effect of miR-105 on
EMT of CRC cells.

miR-105 modulates TNF-α-induced
epithelial–mesenchymal transition in a NF-κB-dependent
pathway in CRC cells
NF-κB pathway is the classic pathway of TNF-α sti-

mulation. Western blot assay demonstrated that NF-κB
pathway was activated in response to TNF-α stimulation.
Increased expression of cytoplasmic p-IKKα/β and
nuclear p65, as well as decreased expression of IKBα in
the cytoplasm were detected after 48 h of recombinant
TNF-α treatment (Fig. 4a). We also transfected HCT116
cells with miR-105 mimic to detect the effect of miR-105
on NF-κB pathway. The expression level of NF-κB path-
way members was detected afterwards. As shown in
Fig. 4b, introduction of miR-105 remarkably stimulated
the expression of p65 in the nuclear as well as the phos-
phorylation of IKKα/β and IKBα in the cytoplasm. In
contrast, the expression of IKBα, IKKβ, and IKKα
decreased in the cytoplasm in response to the over-
expression of miR-105 (Fig. 4b). Furthermore, The effects
of TNF-α were abolished to a large extent by the trans-
fection of anti-miR-105 through rescuing the expression
changes of p65 and p-IKKα/β (Fig. 4c).

(see figure on previous page)
Fig. 2 miR-105 is involved in TNF-α related colorectal cancer progression. a Real-time PCR analysis of miR-105 expression in TNF-α treated
SW480 and HCT116 cells for different time periods (0–72 h). The values represented relative miR-105 level after normalization to the expression
of U6 (mean ± SD, n = 3). b Transwell assay on the effect of anti-miR-105 in TNFα treated HCT116 cells. Bars of the right panel represent the
number of invaded cells (mean ± SD, n = 3). c Western blotting analysis was performed to detect EMT markers in both SW480 and HCT116 cells
after TNF-α treatment for 24 h and 48 h. The effects of anti-miR-105 in TNFα treated HCT116 cells were also studied (a representative set of data
was shown, n = 4). d Heat map depicting the differential expression of miR-105 in 31 paired human CRC tissues and their adjacent normal
mucosa tissues. Red and blue indicate high and low miR-105 expression. e The expression of miR-105 in CRC tissues with or without metastasis.
nmCRC denotes CRC tissues without metastasis. mCRC denotes CRC tissues with lymph node metastasis. The right panel shows the aberrantly
expression of miR-105 in human CRC tissues and their adjacent normal mucosa analysis using a published high-throughput microarray dataset
(NCBI/GEO/GSE68377). f Expression of miR-105 in six CRC cell lines compared with the normal human colon epithelial cell line FHC (mean ± SD, n = 3)
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Fig. 3 Overexpression of miR-105 promoted aggressive phenotypes of CRC cells in vitro. a Real-time PCR analysis of miR-105 expression in
control, miR-105, and anti-miR-105-transfected cells. The values represented relative miR-105 level after normalization to the expression of U6 (mean
± SD, n = 3). b Transwell assay on control, miR-105, and anti-miR-105-transfected SW480 and HCT116 cells. The cells were counted under a
microscope in five randomly selected fields. Bars of the right panel represent the number of invaded cells (mean ± SD, n = 3). c Migration index of
wound-healing assay on control, miR-105, and anti-miR-105 overexpressed SW480 and HCT116 cells. The distance migrated by treated cells was
relative to that migrated by control cells (mean ± SD, n = 3). d Expression of the epithelial markers and the mesenchymal markers in control, miR-105,
or anti-miR-105-transfected SW480 and HCT116 cells were assessed by western blot. β-actin was used as a loading control (a representative set of
data was shown, n = 3)
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Inhibition of TNF-α/NF-κB pathway attenuates the invasive
and metastatic potential of miR-105-overexpressing CRC
cells in vivo
To investigate the biological effect of miR-105 in CRC

progression in vivo, we used a lentivirus-based system to
establish miR-105 stable overexpressing CRC cell lines.
The expression of miR-105 was remarkably increased in
both LV-miR-105 infected SW480 and HCT116 cells
compared with LV-miR-NC infected cells (P< 0.05,
Supplementary Fig. 2A). Moreover, miR-105 stable

overexpressing SW480 and HCT116 cells obviously
enhanced migration and motility capacity (P< 0.05,
Supplementary Fig. 2B, C), as well as the process of EMT
(Supplementary Fig. 2D).
We injected miR-105 stable overexpressing HCT116

cells into the tail vein of nude mice to observe its effect on
the potential of homing capacity. More and larger tumor
nodules were formed in the lung of miR-105-
overexpressing group compared with control group.
Moreover, we investigated that high level of miR-105

Fig. 4 miR-105-mediated TNF-α-induced EMT in a NF-κB-dependent manner in CRC cells. a Western blotting analysis detected the expression
of NF-κB family members in HCT116 cells after TNF-α treatment for 48 h (a representative set of data was shown, n = 4). b Effects of overexpressed
miR-105 on the expression of NF-κB family members were detected by western blotting analysis (a representative set of data was shown, n = 4). c
Effects of miR-105 on TNF-α treated expression of NF-κB family members (a representative set of data was shown, n = 4). d Tumor cells were injected
into nude mice through the tail vein to evaluate the lung homing potential of cells. Thalidomide (1.5 mg/kg) was intraperitoneally injected everyday
to observe the influence of TNF-α inhibitor on miR-105-induced tumor metastasis. The size and number of metastatic lung nodules in individual mice
was counted under the microscope. The magnification areas indicated metastatic nodes in the lung under H&E staining (a representative set of data
was shown, n = 2). e The influence of TNF-α inhibitor on miR-105-induced tumor metastasis. Bars represent the number of metastatic lung nodules
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Fig. 5 (See legend on next page.)
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expression tends to shorter overall survival of the animals
(Data not shown). Thalidomide (1.5 mg/kg), a TNF-α and
NF-κB inhibitor, was intraperitoneally injected everyday
to nude mice that injected miR-105 stable overexpressing
HCT116 cells in the tail vain. TNF-α inhibitor not only
suppress the metastasis and homing capacity of HCT116
cells but also weakened that of miR-105-overexpressed
HCT116 cells through forming less and smaller tumor
nodules (Fig. 4d, e). The in vivo data further support our
notion that miR-105 is a pivotal modulator of TNF-α-
induced CRC progression.

RAP2C is the direct target of miR-105
Three publicly available bioinformatics algorithms (Tar-

getscan, Diana, and miRDB) were adopted to search target
genes of miR-105. Total 124 genes were selected eligible
for all three bioinformatics algorithms and 28 genes of
them exhibit anti-tumor potential but have not been
reported in colorectal cancer yet (Fig. 5a, left panel). We
validated the expression of these 28 genes in miR-105-
overexpressed HCT116 and SW480 cells using real-time
qPCR. Heat map showed that the expression of RAP2C
was dramatically decreased in both cell lines (Fig. 5a, right
panel). Consistently, silencing miR-105 led to an increased
mRNA level of RAP2C (Fig. 5b, upper panel). Immunoblot
assay also confirmed that lower expression of RAP2C is
correlated with overexpressed miR-105, whereas suppres-
sing miR-105 would enhance RAP2C expression (Fig. 5b,
lower panel). Luciferase reporter assay was performed to
determine whether miR-105 could directly target the 3′
UTR region of RAP2C (WT) that containing miR-105-
binding site. A mutation in the putative-binding site in the
RAP2C 3′UTR region (MT) was designed (Fig. 5c). The 3′
UTR regions of both WT and MT fragments were cloned
into luciferase report vectors and co-transfected with miR-
105 mimic into HCT116 cells. Significant decrease of
luciferase activity was detected in WT vectors after trans-
fected with miR-105 mimic, while the mutation in the
putative-binding site abrogated the suppressive effect
mediated by miR-105 mimic, thereby confirm a direct
interaction between miR-105 and 3′UTR region of RAP2C
(Fig. 5d). Undoubtedly, all the facts above supported our
assumption that RAP2C is the direct target of miR-105.

RAP2C suppresses CRC cell migration and
epithelial–mesenchymal transition in vitro
We perform transwell assay to study the role of RAP2C

on migration and invasion capacity of CRC cells. Indeed,
overexpression of RAP2C dramatically weakened the
migration and invasion capacity of HCT116 cells, while
knockdown of RAP2C could restore its ability on migra-
tion and invasion (Fig. 5e). In contrast to the stimulatory
effect of miR-105 on EMT, immunoblot assay resulting in
a gain of epithelial markers (E-cadherin, ZO-1, and
β-catenin) and a losing of mesenchymal markers
(vimentin, N-cadherin, and fibronectin) in RAP2C-
overexpressed HCT116 cells (Fig. 5f). These results indi-
cated that RAP2C weaken the migration and invasion
ability of CRC cells through promoting MET.

RAP2C plays crucial roles in TNF-α/miR-105/NF-κB-induced
EMT of CRC cells
To evaluate the biological role of RAP2C induced by

miR-105, we rescued the expression of RAP2C in miR-
105-overexpressed CRC cells through transfection of
RAP2C ORF constructs without 3′UTRs. The results
showed that exogenous introduction of RAP2C could
reverse the impact of miR-105 on EMT status (Fig. 6a).
Furthermore, a negative correlation between the expres-
sion of miR-105 and RAP2C were detected when we
measure their expression level in fresh CRC tissues
(Fig. 6b). We detected the expression of RAP2C in
response to TNF-α stimulation to analyze the role of
RAP2C in TNF-α signaling. Both mRNA and protein
expression levels of RAP2C were decreased in HCT116
and SW480 cells in response to TNF-α at 48 h of treat-
ment (Fig. 6c, d). Immunoblot assays indicated that
transfection of RAP2C construct obviously suppressed
NF-κB pathway in HCT116 cells, nevertheless, silencing
of RAP2C could activated that pathway (Supplementary
Fig. 3). Introduction of RAP2C without 3′UTR in miR-
105-overexpressed HCT116 cells could abrogate the
activation of NF-κB pathway (Fig. 6e). Overall, RAP2C
function as an important effector of miR-105, involving
in the activation of NF-κB pathway to stimulate EMT of
CRC cells.

(see figure on previous page)
Fig. 5 RAP2C is the direct target of miR-105 in CRC progression. a Left panel: The Venn diagram indicated the 124 genes were overlapped in
three publicly available bioinformatics algorithms (TargetScan, PicTar, miRanda). Twenty-eight genes were selected to verify their potential roles on
tumor metastasis. Right panel: Heat map indicated the expression of 28 selected genes in miR-105 overexpressed SW480 and HCT116 cells. b Upper
is the real-time PCR analysis of RAP2C expression in control, miR-105, and anti-miR-105-transfected CRC cells (mean ± SD, n = 3). Below is the western
blotting analysis of RAP2C proteins in HCT116 cells transfected with miR-105 mimic and anti-miR (a representative set of data was shown, n = 3).
c Predicted miR-105 target sequence in RAP2C 3′UTR and mutant containing 4 mutated nucleotides in the seed sequence of miR-105 (mt).
d Luciferase reporter assays were performed in 293T cells, with co-transfection of wt or mt 3′UTR and miR-105 mimic, as indicated (mean ± SD, n = 3).
e Transwell assay on RAP2C overexpressing or silencing HCT116 cell. Bars of the right panel represent the number of invaded cells (mean ± SD, n = 3).
f Effects of RAP2C on the expression EMT markers
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Discussion
Constitutive secretion of TNF-α from tumor micro-

environment is a characteristic of many malignant tumors
and its aberrant expression is often associated with poor
prognosis. Besides macrophage from tumor micro-
environment, TNF-α could also be produced in tumor cells
including like B-cell lymphoma and breast and colon car-
cinoma. Both macrophage and tumor cell secreted TNF-α
could be regulated in an autocrine manner to accelerate
tumor progression accordingly7. Concentration of serum
TNF-α in CRC patients is clinically relevant to CRC pro-
gression and mRNA transcripts of TNF-α are more
abundant in CRC tissues compared with adjacent normal

mucous23,24. In our study, line chart plotted by 20 repre-
sentative genes indicated a significant correlation between
the expressions of TNF-α/NF-κB-induced genes and CRC
progression. This definitely strengthened the tight
connection between TNF-α activation and CRC metastasis.
TNF-α produced by both tumor and immune cells from

cancer stroma contributed to cancer initiation and pro-
gression through facilitating EMT in many malignant
tumors8,9,25. NF-κB mediated the effects of TNF-α through
a snail-dependent or ZEB1/ZEB2-dependent mechanism to
suppress E-cadherin and stimulate the following EMT25.
TNF-α was also reported significantly promoting the pro-
cess of EMT in colorectal cancer12,26. Our results also

Fig. 6 RAP2C plays crucial roles in TNF-α/miR-105/NF-κB-induced EMT of CRC cells. a Effects of RAP2C on the expression EMT markers in
miR-105 overexpressed CRC cells (a representative set of data was shown, n = 3). b The negative correlation between the expression of miR-105
and RAP2C. Expression data of fresh CRC tissues and their adjacent normal mucosa was used for graph drawing. c Real-time qPCR analysis of
RAP2C expression in response to TNF-α (mean ± SD, n = 3). d Western blotting analysis detected the expression of RAP2C in response to TNF-α
(a representative set of data was shown, n = 3). e Western blotting analysis detected the effects of RAP2C on miR-105 treated expression of
NF-κB family members (mean ± SD, n = 3). f Hypothetic model illustrating that miR-105 modulate the constitutive activation of TNF-α in
tumor microenvironment through a NF-κB-dependent pathway to increased CRC development and progression
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showed that TNF-α could remarkably facilitate CRC cells
switching from a spinal-shaped and fibroblastic-like
appearance to a cobblestone-like phenotype.
Although growing evidences emphasized on the

importance of miR-105 in cancers, none of previous stu-
dies systematically investigated its role in TNF-α-induced
metastasis in human CRC. Interestingly, we found the
expression of miR-105 is dramatically induced by TNF-α
in a dose-dependent manner in CRC cells. Silencing of
miR-105 remarkably rescued the suppression of epithelial
markers and stimulation of mesenchymal markers
brought by TNF-α. TNF-α-enhanced migration ability of
CRC cells could also be abrogated by the knockdown of
miR-105. NF-κB is extensively studied in TNF-α-induced
tumor initiation and progression25. As a heterodimeric
transcription activator, NF-κB consists of a DNA-binding
subunit p50 and a transactivation subunit p65. The acti-
vation of NF-κB will translocate itself into the nucleus and
transcriptionally activate target genes. Activation of NF-
κB is critical for tumor metastasis in many cancer types
including CRC26–29. Key molecules of NF-κB pathway
were studied by western blot assays. Activation of NF-κB
pathway was confirmed by the increased expression of
cytoplasmic p-IKKα/β and nuclear p65, as well as the
decreased expression of IKBα in the cytoplasm in
response to TNF-α. Surprisingly, the introduction of anti-
miR-105 totally abolished the TNF-α-induced alternation
of NF-κB pathway members indicating a modulatory role
of miR-105 is through a NF-κB-dependent pathway.
Lung colonization assay was conducted on nude mice to

study the homing capacity of CRC cells. We attempt to
introduce thalidomide, an inhibitor of both TNF-α30 and
NF-κB31, intraperitoneally injected to nude mice. Sur-
prisingly, thalidomide led to less and smaller tumor
nodules in the lung compared with the PBS control group,
although without statistical significance because of the
limited numbers of nude mice. Moreover, thalidomide
tends to generate less and smaller tumor nodules in the
lung compared with that injected miR-105 stable over-
expressing CRC cells only. Our tentative experiments
indicated that TNF-α inhibitor had an anti-tumor effect
against colorectal cancer, although further studies still
need to be carried out. Evidences above concluded that
miR-105 is the downstream modulator of TNF-α/NF-κB-
induced CRC metastasis.
As the expression of RAP2C was dramatically down-

regulated in both HCT116 and SW480 cells compared
with the other downregulated genes in response to miR-
105, RAP2C was chosen as the main target of miR-105.
All the evidences indicated that RAP2C is a direct target
of miR-105. RAP2C is a novel member of the Ras family
that belongs to small GTPase32,33. It contains an ORF of
552bp, encoding a protein of 183 amino acids. RAP2C
mainly localizes in the cytoplasm and plasma membrane

of cells and its silencing usually cause disturbance of
cell junction34. RAP2C might act as a positive regulator
in SRE-mediated transcriptional regulation through
MEK/ ERK pathway. Except rather limited studies on cell
junction, no paper was published on the role of RAP2C in
tumorgenesis and progression. We hypothesized and
initiatively proved the relationship between RAP2C and
metastasis of CRC. As expected, the suppressive effects of
RAP2C were detected on tumor progression. RAP2C
significantly suppressed the EMT-mediated cell migration
and metastasis in a NF-κB-dependent pathway in
HCT116 cells. Although no direct evidence indicated the
interaction between RAP2C directly and NF-κB members,
numerous publications illustrated the direct interaction
between small GTPase family members and NF-κB
pathway. RhoA GTPase could activate Rho-associated
Kinase (ROCK) to phosphorylate IKKβ in response to
transforming growth factor (TGF)-β135. Rac1 involved in
NF-κB activation and IL-8/CXCL8 expression through a
Rac1-dependent PI3K/Akt pathway in lung epithelial
cells36. As a result, RAP2C might work directly on NF-κB
by phosphorylation or indirectly through influencing
Ras–Raf–MEK–ERK pathway to participate in the process
of EMT as well as many fundamental cellular processes
including proliferation, survival, and differentiation.
Related studies still need to be carried out.
In summary, our studies investigated a novel mod-

ulatory role of miR-105 in TNF-α-induced CRC metas-
tasis. We found the overexpression of miR-105 was
associated with aggressive phenotype and miR-105 could
directly target on RAP2C in a NF-κB-dependent manner
to stimulate the migration and invasion of CRC cells
through EMT. Hypothetic model illustrating the mod-
ulatory role of miR-105 in TNF-α in tumor micro-
environment was demonstrated in Fig. 6f. Moreover, our
introduction of anti-inflammatory drugs in animal
experiments will definitely provide a new direction to
make therapeutic improvement in CRC.

Acknowledgements
We thank Lok Yin Cheung (The Chinese University of Hong Kong, Hong Kong
SAR, China) for his effect in analyzing a public microarray data in the
manuscript. This work was supported by the National Natural Science
Foundation of China (Nos. 81572813), the National Key Basic Research Program
of China (973 Program, 2015CB554002), Guangdong Natural Science
Foundation (2014A030313490, 2015A030313274), Science and Technology
Program of Guangzhou (1563000235).

Author details
1Department of Pathology, Nanfang Hospital, Southern Medical University,
Guangzhou, China. 2Department of Pathology, School of Basic Medical
Sciences, Southern Medical University, Guangzhou, China. 3Guangdong
Province Key Laboratory of Molecular Tumor Pathology, Southern Medical
University, Guangzhou, China. 4School of Biomedical Sciences, The Chinese
University of Hong Kong, Hong Kong, China. 5Department of Nephrology,
Wuhan General Hospital of Guangzhou Military Command of Chinese PLA,
Guangzhou, China

Shen et al. Cell Death and Disease  (2017) 8:3213 Page 12 of 13

Official journal of the Cell Death Differentiation Association



Competing interests
The authors declare that they have no competing financial interests.

Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary information
The online version of this article (https://doi.org/10.1038/s41419-017-0048-x)
contains supplementary material.

Received: 22 September 2017 Accepted: 10 October 2017

References
1. Balkwill, F. Tumour necrosis factor and cancer. Nat. Rev. Cancer 9, 361–371

(2009).
2. Liotta, L. A. & Kohn, E. C. The microenvironment of the tumour-host interface.

Nature 411, 375–379 (2001).
3. Etoh, T., Shibuta, K., Barnard, G. F., Kitano, S. & Mori, M. Angiogenin expression

in human colorectal cancer: the role of focal macrophage infiltration. Clin.
Cancer Res. 6, 3545–3551 (2000).

4. Ji, H. et al. TNFR1 mediates TNF-alpha-induced tumour lymphangiogenesis
and metastasis by modulating VEGF-C-VEGFR3 signalling. Nat Commun 5,
4944 (2014).

5. Xing, F. et al. miR-509 suppresses brain metastasis of breast cancer cells by
modulating RhoC and TNF-alpha. Oncogene 34, 4890–4900 (2015).

6. Popivanova, B. K. et al. Blocking TNF-alpha in mice reduces colorectal
carcinogenesis associated with chronic colitis. J. Clin. Invest. 118, 560–570
(2008).

7. Bates, R. C. & Mercurio, A. M. Tumor necrosis factor-alpha stimulates the
epithelial-to-mesenchymal transition of human colonic organoids. Mol. Biol.
Cell 14, 1790–1800 (2003).

8. Soria, G. et al. Inflammatory mediators in breast cancer: coordinated expres-
sion of TNFalpha & IL-1beta with CCL2 & CCL5 and effects on epithelial-to-
mesenchymal transition. BMC Cancer 11, 130 (2011).

9. Yan, C. et al. Epithelial to mesenchymal transition in human skin wound
healing is induced by tumor necrosis factor-alpha through bone morpho-
genic protein-2. Am. J. Pathol. 176, 2247–2258 (2010).

10. Zhu, Y. et al. Protein kinase D2 contributes to TNF-alpha-induced epithelial
mesenchymal transition and invasion via the PI3K/GSK-3beta/beta-catenin
pathway in hepatocellular carcinoma. Oncotarget 7, 5327–5341 (2016).

11. Kasinski, A. L. & Slack, F. J. Epigenetics and genetics. MicroRNAs en route to the
clinic: progress in validating and targeting microRNAs for cancer therapy. Nat.
Rev. Cancer 11, 849–864 (2011).

12. Huang, L. et al. Hsa-miR-19a is associated with lymph metastasis and mediates
the TNF-alpha induced epithelial-to-mesenchymal transition in colorectal
cancer. Sci Rep. 5, 13350 (2015).

13. Valeri, N., Croce, C. M. & Fabbri, M. Pathogenetic and clinical relevance of
microRNAs in colorectal cancer. Cancer Genomics Proteomics 6, 195–204
(2009).

14. Wang, H. et al. miR-133a represses tumour growth and metastasis in colorectal
cancer by targeting LIM and SH3 protein 1 and inhibiting the MAPK pathway.
Eur. J. Cancer 49, 3924–3935 (2013).

15. Zhang, F. et al. MicroRNA-187, a downstream effector of TGFbeta pathway,
suppresses Smad-mediated epithelial-mesenchymal transition in colorectal
cancer. Cancer Lett. 373, 203–213 (2016).

16. Xu, L. et al. Tumor suppressor miR-1 restrains epithelial-mesenchymal transi-
tion and metastasis of colorectal carcinoma via the MAPK and PI3K/AKT
pathway. J. Transl. Med. 12, 244 (2014).

17. Zhao, L. et al. Promotion of colorectal cancer growth and metastasis by the
LIM and SH3 domain protein 1. Gut 59, 1226–1235 (2010).

18. Ioshikhes, I., Roy, S. & Sen, C. K. Algorithms for mapping of mRNA targets for
microRNA. DNA Cell Biol. 26, 265–272 (2007).

19. Csiszar, A. et al. Characterisation of cytokine mRNA expression in tumour-
infiltrating mononuclear cells and tumour cells freshly isolated from human
colorectal carcinomas. Eur. Cytokine. Netw. 12, 87–96 (2001).

20. Chu, G. et al. Identification and verification of PRDX1 as an inflammation
marker for colorectal cancer progression. Am. J. Transl. Res. 8, 842–859 (2016).

21. Zhou, A., Scoggin, S., Gaynor, R. B. & Williams, N. S. Identification of NF-kappa B-
regulated genes induced by TNFalpha utilizing expression profiling and RNA
interference. Oncogene 22, 2054–2064 (2003).

22. Tian, B., Nowak, D. E., Jamaluddin, M., Wang, S. & Brasier, A. R. Identification of
direct genomic targets downstream of the nuclear factor-kappaB transcription
factor mediating tumor necrosis factor signaling. J. Biol. Chem. 280,
17435–17448 (2005).

23. Chang, P. H. et al. Pretreatment serum interleukin-1beta, interleukin-6, and
tumor necrosis factor-alpha levels predict the progression of colorectal cancer.
Cancer Med. 5, 426–433 (2016).

24. Al Obeed, O. A. et al. Increased expression of tumor necrosis factor-alpha is
associated with advanced colorectal cancer stages. World J. Gastroenterol. 20,
18390–18396 (2014).

25. Wu, Y. & Zhou, B. P. TNF-alpha/NF-kappaB/Snail pathway in cancer cell
migration and invasion. Br. J. Cancer 102, 639–644 (2010).

26. Ou, B. et al. CCR4 promotes metastasis via ERK/NF-kappaB/MMP13 pathway
and acts downstream of TNF-alpha in colorectal cancer. Oncotarget 7,
47637–47649 (2016).

27. Ma, J., Gao, Q., Zeng, S., Shen, H. Knockdown of NDRG1 promote epithelial-
mesenchymal transition of colorectal cancer via NF-kappaB signaling. J. Surg.
Oncol. 114, 520–527 (2016).

28. Yu, L. L. et al. Nuclear factor-kappaB p65 (RelA) transcription factor is con-
stitutively activated in human colorectal carcinoma tissue. World J. Gastro-
enterol. 10, 3255–3260 (2004).

29. Ben-Shmuel, A., Shvab, A., Gavert, N., Brabletz, T. & Ben-Ze’ev, A. Global analysis
of L1-transcriptomes identified IGFBP-2 as a target of ezrin and NF-kappaB
signaling that promotes colon cancer progression. Oncogene 32, 3220–3230
(2013).

30. Singhal, S. & Mehta, J. Thalidomide in cancer. Biomed. Pharmacother. 56, 4–12
(2002).

31. Kim, J. H. & Scialli, A. R. Thalidomide: the tragedy of birth defects and the
effective treatment of disease. Toxicol. Sci. 122, 1–6 (2011).

32. Guo, Z. et al. Cloning and characterization of the human gene RAP2C, a novel
member of Ras family, which activates transcriptional activities of SRE.Mol. Biol.
Rep. 34, 137–144 (2007).

33. Paganini, S. et al. Identification and biochemical characterization of Rap2C, a
new member of the Rap family of small GTP-binding proteins. Biochimie 88,
285–295 (2006).

34. Monteiro, A. C. et al. JAM-A associates with ZO-2, afadin, and PDZ-GEF1 to
activate Rap2c and regulate epithelial barrier function. Mol. Biol. Cell 24,
2849–2860 (2013).

35. Kim, H. J., Kim, J. G., Moon, M. Y., Park, S. H. & Park, J. B. IkappaB kinase gamma/
nuclear factor-kappaB-essential modulator (IKKgamma/NEMO) facilitates RhoA
GTPase activation, which, in turn, activates Rho-associated KINASE (ROCK) to
phosphorylate IKKbeta in response to transforming growth factor (TGF)-beta1.
J. Biol. Chem. 289, 1429–1440 (2014).

36. Lin, C. H. et al. Thrombin induces NF-kappaB activation and IL-8/CXCL8
expression in lung epithelial cells by a Rac1-dependent PI3K/Akt pathway. J.
Biol. Chem. 286, 10483–10494 (2011).

Shen et al. Cell Death and Disease  (2017) 8:3213 Page 13 of 13

Official journal of the Cell Death Differentiation Association

http://dx.doi.org/10.1038/s41419-017-0048-x

	MicroRNA-105 is involved in TNF-α-related tumor microenvironment enhanced colorectal cancer progression
	Introduction
	Materials and methods
	Chemicals
	Antibodies
	Cell culture
	Tumor tissue samples
	Micro-RNA and interference RNA transfection
	Cell proliferation assays
	RNA isolation, reverse transcription, and real-time quantitative PCR
	Wound-healing and Transwell migration assay
	Animals
	Lung colonization assay
	Bioinformatics
	miRNA target validation
	Preparation of lentiviral vectors
	Statistical analysis

	Results
	Overexpression of TNF-α is associated with colorectal cancer progression
	miR-105 is involved in TNF-α related colorectal cancer progression
	miR-105 is overexpressed in CRC tissues and cell lines
	Overexpression of miR-105 enhances CRC cell migration and epithelial–nobreakmesenchymal transition in�vitro
	miR-105 modulates TNF-α-induced epithelial–nobreakmesenchymal transition in a NF-κB-dependent pathway in CRC cells
	Inhibition of TNF-α/NF-κB pathway attenuates the invasive and metastatic potential of miR-105-overexpressing CRC cells in�vivo
	RAP2C is the direct target of miR-105
	RAP2C suppresses CRC cell migration and epithelial–nobreakmesenchymal transition in�vitro
	RAP2C plays crucial roles in TNF-α/miR-105/NF-κB-induced EMT of CRC cells

	Discussion
	ACKNOWLEDGMENTS
	ACKNOWLEDGMENTS




