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Abstract

Ras homologue family member C (RhoC) is an oncogene in diverse types of
human cancers, whereas its regulatory mechanisms involving macrophage po-
larization is rarely investigated. This study is designed to explore the regulatory
role of RhoC in colon cancer and the underlying molecular mechanisms involv-
ing macrophage polarization. We detected RhoC expression by quantitative real-
time polymerase chain reaction (QRT-PCR) and western blot, and analysed the
biological function of RhoC knockdown in CC cells by the MTT, wound healing
and transwell assay. Macrophage polarization-associated markers, genes associ-
ated with migration, phosphatase and tensin homologue (PTEN) and forkhead
box O (FOXO) were determined by qRT-PCR and western blot. The xenograft tu-
mour mouse model was used to assess the role of RhoC in vivo. RhoC is highly ex-
pressed in CC cells. The cell viability, invasion and migration abilities of CC cells
were reduced by knockdown of RhoC. RhoC knockdown promoted M1 polariza-
tion, inhibited M2 polarization and decreased levels of genes associated with mi-
gration (matrix metalloproteinase-2 and matrix metalloproteinase-9). Silencing
of RhoC inhibited tumour growth and expression of genes associated with migra-
tion in the xenografted model. In addition, silencing of RhoC promoted PTEN/
FOXO1 expression, and PTEN inhibitor (SF1670) reversed the inhibitory effects
of RhoC silencing. We demonstrated that silencing of RhoC reduced CC cells
invasion and migration, and tumour growth by suppressing M2 macrophage po-
larization via regulating the PTEN/FOXO1 pathway.
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1 | INTRODUCTION

Colon cancer (CC) is one of the most high incidence
malignancies worldwide." It is generally believed that
CC is caused by many factors, such as lifestyle, genetic

© 2022 Company of the International Journal of Experimental Pathology (CIJEP).

mutations, environmental and genetic factors.”> Current
treatments for CC include chemotherapy, radiation ther-
apy, surgery, immunotherapy and targeted therapy.>*
Additionally, 15%-25% of CC patients are diagnosed with
metastases, and metastatic patients have a 5-year survival
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rate of approximately 10%.* Consequently, it is necessary
to explore the molecular mechanisms that inhibit the de-
velopment of CC and provide new strategies to enhance
the survival rate of CC.

Ras homologue family member C (RhoC) is a mem-
ber of the Rho GTPase family. Recently, RhoC has been
shown to be up-regulated in various tumours, and may
be associated with tumour progress and metastasis.
Examples of this are gastric cancer (GC), breast cancer
(BC), and oral squamous cell carcinoma (OSCC).*® For
instance, silencing of RhoC suppressed GC cell prolifer-
ation, migration and invasion, and resulted in a marked
inhibition of GC tumour growth in a xenograft mice
model.” Gao et al.® have reported that decreased RhoC
markedly inhibited the invasion and migration abilities
of OSCC cells. In addition, studies have reported that
high expression of RhoC correlates with poor prognosis
in CC.? Although up-regulation of RhoC has been found
to promote CC cell invasion and migration, while inhibi-
tion of RhoC showed opposite effects,' the exact mecha-
nism whereby RhoC regulates migration and invasion in
CC remains unclear.

Tumour-associated macrophages (TAMs) have been
reported to affect multiple aspects of CC, such as tumour
angiogenesis and metastasis.”" TAMs mainly exhibit
two phenotypes with different roles. The M1 type plays
pro-inflammation and anti-tumour roles and is charac-
terized by the high expression of inducible nitric oxide
synthase (iNOS), tumour necrosis factor-alpha (TNF-o)
and cyclooxygenase-2 (COX2), while M2 type plays anti-
inflammatory and pro-tumour roles and expresses high
levels of CD206, Arginase (Arg-1) and interleukin-10 (IL-
10).">** However, it is still unclear whether RhoC regu-
lates CC progress through promoting M2 macrophage
polarization. Therefore, the role and mechanism of RhoC
in macrophage polarization need to be further explored
in CC.

Phosphatase and tensin homologue (PTEN) is a tu-
mour suppressor gene, and loss of function of PTEN oc-
curs in multiple types of cancer, such as CC, glioblastoma
and breast cancer.” For example, PTEN has been reported
to be involved in the invasion, and migration of glioma.
In addition, Liang et al.'® have reported that rescue of
PTEN expression contributed to reduced tumour prolif-
eration and increased apoptosis in CC. Forkhead box O
(FOXO) is a transcription factor that acts downstream of
PTEN." Inhibition of FOXO is involved in various cellular
functions, such as cell metabolism, cell survival and cell
cycle progression.'® Studies have demonstrated that PTEN
regulates the premature activation of oocyte and tumour
cell growth through FOXO factors.'**° However, there are
few studies on the relationship between RhoC and PTEN/
FOXO1 pathway in CC progress.

In this study we investigated the role of RhoC on CC
and the interaction of RhoC with macrophages polariza-
tion in CC. RhoC silencing inhibited CC tumour growth
and migration by reducing cell viability, suppressing in-
vasion and migration, and promoting M1 polarization by
PTEN/FOXO signalling pathway.

2 | MATERIALS AND METHODS

2.1 | Cell culture

The human CC cell lines (RKO, HCT-8 and SW480), nor-
mal colon NCM460 cells, and monocyte cell line THP-1
were obtained from the Cell Bank of the Chinese Academy
of Sciences, and cultured in RPMI 1640 (Invitrogen) con-
taining 10% FBS, 1% streptomycin/penicillin at 37°C in 5%
CO, and 95% humidity.

2.2 | Transfection

shRNA targeting RhoC (sh-RhoC) and negative control
(sh-NC) were obtained from GenePharma. sh-RhoC or
sh-NC were transfected with SW4800 and HCT-8 cells
using Lipofectamine 3000 reagent (Invitrogen) at 37°C
for 48 h according to the instructions of the manufacturer.
Subsequently, the transfected cells were employed in the
next experiments.

2.3 | Macrophage polarization

THP-1 was incubated with phorbol 12-myristate
13-acetate (PMA, 200nM) (Sigma-Aldrich) for 24h and
differentiated into macrophages. The supernatant was
collected after transfected CC cells were grown for 24h
in a serum-free medium and centrifuged for 20min at
1500g. After being treated with conditioned medium
from CC cells for 24h, macrophages transformed into
TAMs. The non-contact transwell system (pore size
0.4 m, Corning, Cambridge) was used to co-cultivate
TAMs and CC cells. TAMs cultured in the top chamber
communicated with comparable CC cells in the bottom
chamber for 48 h, after which the CC cells were removed
and analysed further.

2.4 | Western blot assay

Protein was extracted using a cell lysis buffer (Sigma-
Aldrich). The samples were resolved by 10% SDS-PAGE
and then transferred to the PVDF membranes. The
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membranes were blocked with 5% skim milk at 25°C for
1 h, and incubated with the primary antibodies against
RhoC (1:1000, ab180785, Abcam), MMP-2 (1:1000,
ab92536, Abcam), PTEN (1:1000, ab267787, Abcam),
FOXO1 (1:1000, ab179450, Abcam), p-FOXO1 (1:1000,
ab131339, Abcam), MMP-9 (1:1000, ab76003, Abcam)
and f-actin (1:1000, ab8227, Abcam) overnight at 4°C.
Subsequently, the membranes were washed and incu-
bated with HRP-conjugated secondary antibody (1:5000)
for 1 h at 25°C. The enhanced chemiluminescence west-
ern blotting detection kits (Sigma-Aldrich) were used to
analyse the blots. p-actin was employed as a protein load-
ing control.

2.5 |
PCR)

Quantitative real-time PCR (qRT-

Total RNA was extracted in SW480 and HCT-8 cells
using TRIzol reagent (Sigma-Aldrich). According to the
instructions of manufacturer, reverse transcription was
performed using a Reverse Transcriptase kit, and qRT-
PCR was performed using an SYBR® Green Master Mix
Kit (Thermo Fisher Scientific) and was analysed by the
Mastercycler ep realplex detection system (Eppendorf).
The relative mRNA expression was normalized against p-
actin using the 2744 method. The primer sequences are
shown in Table 1.

2.6 | 3-[4,5-dimethyl-2-thiazolyl]-2,5
diphenyl-2H-tetrazolium bromide
(MTT) assay

The viability of SW4800 and HCT-8 cells was measured
using an MTT kit (Sigma-Aldrich). Cells were cultured
for 24h into 96-well plates at 37°C, and 20pl of MTT
(2.5 mg/ml) was added to the wells and maintained for
4-6 h. Then, the absorbance (450 nm) was measured by a

TABLE 1 Primers for qRT-PCR in this study

Gene Forward (5’-3')

RhoC GGAGGTCTACGTCCCTACTGT
iNOS GGGCAGCCTGTGAGACCTT
TNF-a TAGCCAGGAGGGAGAACAGA
COX2 ACACACTCTATCACTGGCACC
CD206 AAGGCGGTGACCTCACAAG
Arg-1 AACGGGAGGGTAACCATAAGC
IL-10 CCTCGTGGAGCCTCAGTTTTC

B-actin TGTTACCAACTGGGACGACA

microplate reader (Labcompare) and recorded at 0, 24, 48
and 72h.

2.7 | Wound healing assay

Cells were cultured for 24 h in a serum-free medium in 6-
well plates. Pipette tips are used to scrape cells and create
interstitial spaces. After 24 h, the dead cells were washed
out and photomicrographs were instantly taken.

2.8 | Transwell assay

The invasion of SW4800 and HCT-8 cells was analysed
by transwell (8 pm pore, Corning, Inc.). The upper cham-
ber was pre-coated for 5 h with 1 pg/pl Matrigel (BD
Biosciences), cells were added (5% 10* cells) and cultured
at 37°C overnight. The lower chamber contained medium
with 10% FBS. Cells in the lower chamber were fixed with
4% paraformaldehyde for 30min and stained with 0.1%
crystal violet for 10 min at 25°C. The invasion cells were
counted by light microscopy.

2.9 | Animals

Thirty BALB/c male nude mice (5weeks, 18-20g,
Shanghai SLAC Laboratory Animal Co., Ltd.) were used
in this study. The study was conducted in compliance with
the National Institutes of Health's guidelines for the care
and use of laboratory animals and approved by the eth-
ics Committee of Harrison International Peace Hospital.
The mice were randomized into three groups (n = 10)
and were subcutaneously injected with HCT-8 cells (40 pl,
0.5%10°cells) transfected with sh-RhoC and sh-NC. They
were euthanized after 28 days. Tumour weight was meas-
ured and volume was calculated every 7days using the
formula (length x width?)/2.

Reverse (5'-3)
CGCAGTCGATCATAGTCTTCC
TGAAGCGTTTCGGGATCTG
TTTTCTGGAGGGAGATGTGG
TTCAGGGCGAAGCGTTTGC
AAAGTCCAATTCCTCGATGGTG
GCGCATTCACAGTCACTTAGGT
GAGCACGTCAGGTACATTTCAATT
GGGGTGTTGAAGGTCTCAAA



36 -
—I—Wl LEY—{INYERNATIONAL JOURNAL OF E’;%?{;‘ﬂiﬁal ﬂ

YANG ET AL.

2.10 | Statistical analysis

Statistical data were presented as the mean +SD. Two-
group comparisons were analysed by Student's ¢-test,
and multiple group comparisons were analysed using
two-way ANOVA by Tukey's post-hoc test and one-
way ANOVA by Tukey's pairwise post-hoc test using
Prism 7.0 software (GraphPad). p<.05 was considered
significant.

3 | RESULTS

3.1 | RhoCis up-regulated in CC cells
RhoC expression was detected in NCM460, SW480,
HCT-8 and RKO cells. Western blot showed that RhoC
was highly expressed in RKO, SW480 and HCT-8 cells
compared with NCM460 cells (Figure 1, p<.01). Due to
the relatively high expression level of RhoC, SW480 and
HCT-8 cells were selected for subsequent experiments.

3.2 | RhoC silencing inhibits cell
viability, migration and invasion

The effect of RhoC on CC cells was investigated by trans-
fection of sShRNA-RhoC in SW480 and HCT-8 cells. The
expression of RhoC was decreased after RhoC silenc-
ing (Figure 2A, p <.01). RhoC silencing reduced the vi-
ability of SW480 and HCT-8 cells (Figure 2B, p <.01). In
addition, knockdown of RhoC inhibited migration and
invasion of SW480 and HCT-8 cells (Figure 2C,D, p<.01).
Furthermore, western blot analysis showed that the lev-
els of genes associated with migration (MPP-2 and MPP-
9) were reduced by RhoC silencing in SW480 and HCT-8
cells (Figure 2E, p<.01). The data showed that RhoC si-
lencing reduced cell viability, and suppressed migration
and invasion by CC cells, thereby contributing to sup-
pressing the progress of CC.

3.3 | RhoC silencing inhibits M2
polarization and promotes M1 polarization

The Human Protein Atlas (https://www.proteinatl
as.org/) is used to predict the RhoC expression link it with
known cell type markers in different single cell type clus-
ters in CC tissue. As shown in Figure 3A, the expression
of CD163 (marker of M2 macrophages) is up-regulated.
Therefore, the role of RhoC silencing on the polarization
of macrophages was explored in CC cells co-cultured with
TAMs. The levels of M2 markers (CD206, Arg-1 and IL-
10) were reduced (Figure 3B,C, p<.01), while M1 markers
(INOS, TNF-a, and COX2) showed higher expression in
macrophages treated with CM from sh-RhoC-transfected
CC cells (Figure 3D,E, p <.01). The data showed that inhi-
bition of RhoC promotes polarization of M1 macrophage
and inhibits M2 macrophage polarization.

3.4 | RhoC silencing inhibits cell
viability, migration and invasion by the
PTEN/FOXO1 pathway

Western blotting showed that RhoC silencing up-regulates
the expression of PTEN and p-FOXO in HCT-8 cells
(Figure 4A, p <.01). To clarify the mechanism of RhoC
in CC, HCT-8 cells were treated with the PTEN inhibitor
(SF1670, 2 pM). The data showed that SF1670 enhanced
cell viability, promoted migration and invasion, and in-
creased the expression of genes associated with migration
(MPP-2 and MPP-9) in HCT-8 cells compared with sh-
RhoC groups (Figure 4B-E, p <.01), indicating SF1670 re-
versed the inhibition effect of RhoC silencing on CC cells.

3.5 | SF1670 reverses the effects of RhoC
silencing on macrophage polarization

Furthermore, whether RhoC silencing inhibits M2 mac-
rophage polarization by regulating PTEN/FOXO was
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FIGURE 2 RhoC silencing inhibits cell viability, migration and invasion. (A). The RhoC expression in different groups was detected by
RT-qPCR. (B). Cell viability was measured by MTT assay. (C). Wound healing assay was performed to detect the migration. (D). Transwell

assay was performed to detect the invasion. (E). The levels of genes associated with migration (MMP-2 and MMP-9) were detected by
western blot. **p <.01 versus sh-NC.

explored. The data suggested that SF1670 reversed the ef-
fects of RhoC silencing on the expression of M2 markers
(CD206, Arg-1 and IL-10) and M1 markers (iNOS, TNF-«
and COX2) (Figure 5A,B, p <.01). The data indicated
that sh-RhoC inhibited macrophage polarization by up-
regulating the expression of PTEN and FOXO.

3.6 | RhoC silencing inhibits tumour
growth and migration

Furthermore, the role of RhoC was further analysed
in xenograft tumour models. Our results showed that
RhoC silencing suppressed tumour volume and weight



38 - - YANG ET AL.
WILEY—{INYERNATIONAL JOURNAL OF Eé%ﬁ;?;ﬁalm
A) curent geoe reOc T WO T B o C) < 1.5 N
) - s . (B 557 mm shiC p— © § "5y m snc HCT-8
nMS4A1 a - » 1 sh-RhoC-1
Rt azme ™ [ ® sh-RhoC-1 o
el naea- = - =g s 2 1.04
S o 1 X101 3
- . o < s
cosa = oom a - [
Masophages MARCO [ ] 05 Eos £ 0.5 s .
MRCL o8 E| o *%
- : ) . p =
i e £ F F i
oo warzoLe | £ =
Pusma cels P2 - 075 - ® |
co3e © 0.0 @ 0.0- T T
o4 " 2 o N S
. = > o 3
w7A 1 ® * v
cHoA
eroendocane ool crce
SCas l
cose
pecAM ™
Endothelal cels SELE
\.(::l: » oE ErEEEEE =
?p::? g I‘EH - (D) (E)
seaas] '-‘ L] 10- 81
A a 5 mm sh-NC SW480 5 °] mm sh-NC o HCT-8
Ietentat oAt o8 woe - - @ ol W sh-RhoC-1 o @ s sh-RhoC-1 T
M‘:;z ) =~ = - e 8 g [ 'T‘
o . — S v s 27 we iz
e wf o e - i - - : e
sore - 1 = <
coLa ™ < "l 4
Foroblasts FENL1 £ 5
wm l x 44 4
ot ' e e
Smooth mescie cel ® Q 24
Rtvie 4 - = £ 2 ]
AscL = = =
Una tates ces N;sx! -I - I = ['4 o__-, = -, -, @ o- T ™ T
o P a o rS e
O o\l O
A3 < & N & &

FIGURE 3 RhoC silencing inhibits M2 polarization and promotes M1 polarization. (A). Data are from the human protein atlas. (B,
C). The levels of M2 markers (CD206, Arg-1 and IL-10) were determined by RT-qPCR. (D-E). The levels of M1 markers (iNOS, COX2 and

TNF-a) were detected by RT-qPCR. **p <.01 versus sh-NC.

(Figure 6A-C, p<.01). Consistently, RhoC silencing sig-
nificantly decreased the levels of genes associated with
migration (MPP-2 and MPP-9) (Figure 6D, p <.01). In
vivo tests showed that RhoC promotes tumour growth,
while RhoC silencing contributes to suppressing tumour
growth.

4 | DISCUSSION

Colon cancer is one of the main reasons for high levels of
cancer-related death, and its invasion and metastasis sig-
nificantly affect the prognosis of CC patients.?' At present,
the molecular mechanism of the occurrence and develop-
ment of CC has not been fully elucidated. In our study,
we found RhoC is closely associated with CC progres-
sion by regulating cell viability, invasion, migration and
macrophage polarization by targeting the PTEN/FOXO
pathway.

Rho GTPases could regulate the cytoskeleton, affect
cell mobility, polarity and division, and play a critical
role in cell migration and invasion, which includes the
highly homologous RhoA, RhoB and RhoC.** In recent
years, the role of the RhoC has been widely studied in
various cancers.” Studies have demonstrated that the
abnormal activation of RhoC plays a key role in vari-
ous tumour cell biological functions, such as cell dif-
ferentiation, apoptosis, proliferation, invasiveness and
metastatic ability.® Xie et al.** have reported that RhoC
enhanced cell proliferation and inhibited apoptosis rate

in hepatocellular carcinoma. Kaushal et al.*® have re-
vealed that the up-regulation of RhoC is linked to en-
hanced cancer cell invasion, migration and metastasis
in BC cells. Furthermore, the expression of RhoC is el-
evated in human GC tissues, and knockdown of RhoC
markedly restrained GC cell migration and invasion,
reduced GC tumour development and lung metastasis
in mouse models. Consistent with previous research,
our study also showed that RhoC expression was up-
regulated in CC cells and RhoC knockdown inhibited
CC cell viability, migration and invasion in vitro and de-
creased tumour volume and weight in vivo. Consistently,
RhoC mRNA expression was up-regulated in CC tissues,
and overexpression of RhoC stimulated cell invasion and
migration.'® HomeoboxD10 could down-regulated RhoC
to enhance CC cell apoptosis and constrain proliferation,
migration and invasion.*®

Tumor-associated macrophages are an important com-
ponent of the innate immune system and differentiate
into different phenotypes under the stimulation of various
factors, thereby performing different regulatory roles in
the physiological and pathological processes.”’ Lee et al.?®
have reported that the inhibition of M2 macrophage polar-
ization may exert anti-tumour effects in CC. Reduction of
paxillin decreased cell proliferation and invasion in CC by
suppressing the polarization of M2 macrophages, thereby
preventing tumour progression.” Furthermore, soluble
factors produced by M2 macrophages have been found to
result in tumour cells disseminating, thereby promoting
metastasis of CC.** Accordingly, we speculated that RhoC
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FIGURE 4 RhoC silencing inhibits cell viability, migration and invasion by the PTEN/FOXO1 pathway. (A). The expression of PTEN/
FOXO1 was detected by western blot. (B). Cell viability was measured by MTT assay in different groups. (C-D). The migration and invasion
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can regulate CC development by regulating macrophage
polarization. In this study, knockdown of RhoC reduced
M2 marker expression, while promoting M1 marker ex-
pression. Taken together, we suggested that the silencing
of RhoC slows down the progression of CC by inhibiting
M2 macrophage polarization. If so, then targeting macro-
phage polarization via RhoC may be a potential strategy
for CC therapy.

Phosphatase and tensin homolog has been shown to
regulate intracellular signalling pathways that are import-
ant in tumour cell proliferation, cell cycle progression and
invasiveness. Up-regulation of PTEN could reduce me-
tastasis, while promoting apoptosis of glioma cells* and
inhibition of PTEN promoted proliferation and metastasis
in CC.** FOXO pathway is an essential regulator of cell
survival, apoptosis, proliferation, and cell cycle.33’34 FOXO
dysfunction is associated with tumour progression and tu-
morigenesis.* Up-regulation of FOXO pathway in prostate
cancer could suppress cell proliferation, invasion and re-
tarded tumour progression in vivo,*® and FOXO1 degrada-
tion may promote cell proliferation in CC.*” Furthermore,
FOXO1 has been reported to be involved in PMA-induced
macrophage differentiation of leukaemia cells.*® Long
non-coding RNA ANCR could promote the invasion and
migration of gastric cancer by inhibiting the expression
of FOXO1 to inhibit macrophage M1 Polarization.* In
this study, we found knockdown of RhoC increased the
expression of PTEN and FOXO1. Furthermore, the feed-
back experiment showed that SF1670 reversed the inhi-
bition effects of RhoC silencing on cell viability, invasion,
migration of CC cells and M2 polarization. Consistently,
PTEN up-regulation could regulate CC cell invasion,*
and down-regulation of PTEN expression induced M2
macrophage polarization.*

In summary, we investigated the biological function
and underlying mechanism of RhoC in CC cells and mice
models. The results suggested that silencing of RhoC in-
hibited cell viability, migration, invasion and M2 polar-
ization by regulating PTEN/FOXO expression, as well as
suppressed tumour growth in vivo. These findings showed
that RhoC might be used as a promising therapeutic tar-
get for CC, providing new options for CC treatment in the
future.

ACKNOWLEDGEMENT
Not applicable.

FUNDING INFORMATION

This research is supported by the Medical science re-
search project of Hebei Province: Obsevation of cancera-
tion characteristics of colonic polyps by narrowband
technique and its correlation with Rhoc protein expres-
sion (N0.20191759).

. 41
INTERNATIONAL JOURNAL OF 'E,Xa%ehr‘l’%e;vtal “Wl LEYJ—

CONFLICT OF INTEREST
There are no conflicts of interest.

ORCID
Bin Yang @ https://orcid.org/0000-0002-1454-977X

REFERENCES

1.

10.

11.

12.

13.

14.

Khan H, Alam W, Alsharif KF, Aschner M, Pervez S, Saso L.
Alkaloids and colon cancer: molecular mechanisms and
therapeutic implications for cell cycle arrest. Molecules.
2022;27(3):920. doi:10.3390/molecules27030920

Khan FA, Albalawi R, Pottoo FH. Trends in targeted delivery
of nanomaterials in colon cancer diagnosis and treatment. Med
Res Rev. 2022;42(1):227-258. d0i:10.1002/med.21809

Ciardiello D, Martini G, Famiglietti V, et al. Biomarker-guided
anti-Egfr rechallenge therapy in metastatic colorectal cancer.
Cancer. 2021;13(8):1941. doi:10.3390/cancers13081941

Liu J, Zhan Y, Wang J, Wang J, Guo J, Kong D. Long noncod-
ing RNA LINCO01578 drives colon cancer metastasis through
a positive feedback loop with the NF-kB/YY1 axis. Mol Oncol.
2020;14(12):3211-3233. doi:10.1002/1878-0261.12819

Liu M, Fu X, Jiang L, et al. Colon cancer cells secreted CXCL11
via RBP-Jk to facilitated tumour-associated macrophage-
induced cancer metastasis. J Cell Mol Med. 2021;25(22):10575-
10590. doi:10.1111/jcmm.16989

Lou Y, Jiang Y, Liang Z, Liu B, Li T, Zhang D. Role of RhoC
in cancer cell migration. Cancer Cell Int. 2021;21(1):527.
doi:10.1186/512935-021-02234-x

XuY, Feng Y, Sun Z, Li Q. RNF168 promotes RHOC degrada-
tion by ubiquitination to restrain gastric cancer progression via
decreasing HDAC1 expression. Biochem Biophys Res Commun.
2021;557:135-142. doi:10.1016/j.bbrc.2021.03.123

Gao F, Yin P, WuY, Wen J, Su Y, Zhang X. Knockdown of RhoC
inhibits oral squamous cell carcinoma cell invasion and me-
tastasis via regulation of HMGAZ2. J Oncol. 2021;2021:6644077.
doi:10.1155/2021/6644077

Bellovin DI, Simpson KJ, Danilov T, et al. Reciprocal regula-
tion of RhoA and RhoC characterizes the EMT and identifies
RhoC as a prognostic marker of colon carcinoma. Oncogene.
2006;25(52):6959-6967. doi:10.1038/sj.0nc.1209682

Ha YJ, Tak KH, Kim SK, et al. Biological characteristics and
clinical significance of ITGB1 and RHOC in patients with re-
current colorectal cancer. Anticancer Res. 2019;39(9):4853-4864.
doi:10.21873/anticanres.13671

Cheng Y, Zhu Y, Xu J, et al. PKN2 in colon cancer cells in-
hibits M2 phenotype polarization of tumor-associated mac-
rophages via regulating DUSP6-Erk1/2 pathway. Mol Cancer.
2018;17(1):13. d0i:10.1186/512943-017-0747-z

Sawa-Wejksza K, Kandefer-Szerszenn M. Tumor-associated mac-
rophages as target for antitumor therapy. Arch Immunol Ther
Exp (Warsz). 2018;66(2):97-111. doi:10.1007/s00005-017-0480-8
Kodaira H, Koma YI, Hosono M, et al. ANXA10 induction by
interaction with tumor-associated macrophages promotes the
growth of esophageal squamous cell carcinoma. Pathol Int.
2019;69(3):135-147. doi:10.1111/pin.12771

Wang F, Li B, Wei Y, et al. Tumor-derived exosomes induce
PD1(+) macrophage population in human gastric cancer
that promotes disease progression. Oncogenesis. 2018;7(5):41.
doi:10.1038/s41389-018-0049-3


https://orcid.org/0000-0002-1454-977X
https://orcid.org/0000-0002-1454-977X
https://doi.org//10.3390/molecules27030920
https://doi.org//10.1002/med.21809
https://doi.org//10.3390/cancers13081941
https://doi.org//10.1002/1878-0261.12819
https://doi.org//10.1111/jcmm.16989
https://doi.org//10.1186/s12935-021-02234-x
https://doi.org//10.1016/j.bbrc.2021.03.123
https://doi.org//10.1155/2021/6644077
https://doi.org//10.1038/sj.onc.1209682
https://doi.org//10.21873/anticanres.13671
https://doi.org//10.1186/s12943-017-0747-z
https://doi.org//10.1007/s00005-017-0480-8
https://doi.org//10.1111/pin.12771
https://doi.org//10.1038/s41389-018-0049-3

42 -
—I—Wl LEY—{INYERNATIONAL JOURNAL OF IE’);%?ITH)E!;];EI m

15.

16.
17.
18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.
29.

30.

YANG ET AL.

Alvarez-Garcia V, Tawil Y, Wise HM, Leslie NR. Mechanisms of
PTEN loss in cancer: It's all about diversity. Semin Cancer Biol.
2019;59:66-79. doi:10.1016/j.semcancer.2019.02.001

Liang G, Zhu Y, Ali DJ, et al. Engineered exosomes for tar-
geted co-delivery of miR-21 inhibitor and chemotherapeutics
to reverse drug resistance in colon cancer. J Nanobiotechnol.
2020;18(1):10. doi:10.1186/s12951-019-0563-2

Ma Q, Fu W, Li P, et al. FoxO1 mediates PTEN suppression
of androgen receptor N- and C-terminal interactions and co-
activator recruitment. Mol Endocrinol. 2009;23(2):213-225.
doi:10.1210/me.2008-0147

Rodriguez-Fdez S, Lorenzo-Martin LF, Ferndndez-Pisonero I,
et al. Vav2 catalysis-dependent pathways contribute to skele-
tal muscle growth and metabolic homeostasis. Nat Commun.
2020;11(1):5808. doi:10.1038/s41467-020-19489-z

Reddy P, Liu L, Adhikari D, et al. Oocyte-specific deletion of
Pten causes premature activation of the primordial follicle pool.
Science. 2008;319(5863):611-613. doi:10.1126/science.1152257
Greer EL, Brunet A. FOXO transcription factors at the inter-
face between longevity and tumor suppression. Oncogene.
2005;24(50):7410-7425. doi:10.1038/sj.0nc.1209086

Zhang R, Zhao J, Xu J, et al. Andrographolide suppresses prolif-
eration of human colon cancer SW620 cells through the TLR4/
NF-kB/MMP-9 signaling pathway. Oncol Lett. 2017;14(4):4305-
4310. doi:10.3892/01.2017.6669

Lawson CD, Ridley AJ. Rho GTPase signaling complexes in
cell migration and invasion. J Cell Biol. 2018;217(2):447-457.
doi:10.1083/jcb.201612069

Guan X, Chen S, Zhao Y. The role of RhoC in malignant tumor
invasion, metastasis and targeted therapy. Histol Histopathol.
2018;33(3):255-260. doi:10.14670/hh-11-915

Xie SL, Wang M, Du XH, Zhao ZW, Lv GY. miR-455 in-
hibits HepG2 cell proliferation and promotes apoptosis by
targeting RhoC. Mol Biol. 2020;54(1):69-77. doi:10.31857/
$0026898420010152

Kaushal N, Tiruchinapally G, Durmaz YY, et al. Synergistic
inhibition of aggressive breast cancer cell migration and inva-
sion by cytoplasmic delivery of anti-RhoC silencing RNA and
presentation of EPPT1 peptide on "smart" particles. J Control
Release. 2018;289:79-93. doi:10.1016/j.jconrel.2018.07.042

Yuan YH, Wang HY, Lai Y, et al. Epigenetic inactivation of
HOXD10 is associated with human colon cancer via inhibit-
ing the RHOC/AKT/MAPK signaling pathway. Cell Commun
Signal. 2019;17(1):9. doi:10.1186/s12964-018-0316-0

Wang C, Ma C, Gong L, et al. Macrophage polarization and
its role in liver disease. Front Immunol. 2021;12:803037.
doi:10.3389/fimmu.2021.803037

Lee NY, Kim Y, Kim YS, Shin JH, Rubin LP, Kim Y. -Carotene
exerts anti-colon cancer effects by regulating M2 macrophages
and activated fibroblasts. J Nutr Biochem. 2020;82:108402.
doi:10.1016/j.jnutbio.2020.108402

Zhang LL, Zhang LF, Shi YB. Down-regulated paxillin
suppresses cell proliferation and invasion by inhibiting
M2 macrophage polarization in colon cancer. Biol Chem.
2018;399(11):1285-1295. doi:10.1515/hsz-2018-0002

Nam SH, Kim D, Lee D, et al. Lysyl-tRNA synthetase-expressing
colon spheroids induce M2 macrophage polarization to promote

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

metastasis. J Clin Invest. 2018;128(11):5034-5055. doi:10.1172/
jci99806

Niu HT, Liu Y, Wang YZ, Tian Y, Yang M, Jiang HS.
Columbamine-mediated PTEN/AKT signal pathway regulates
the progression of glioma. Cancer Manag Res. 2021;13:489-497.
doi:10.2147/cmar.s286866

Arabsorkhi Z, Gharib E, Yaghmoorian Khojini J, Farhadieh
ME, Nazemalhosseini-Mojarad E, Zali MR. miR-298 plays a
pivotal role in colon cancer invasiveness by targeting PTEN. J
Cell Physiol. 2020;235(5):4335-4350. d0i:10.1002/jcp.29310
Majumder S, Ren L, Pushpakumar S, Sen U. Hydrogen sulphide
mitigates homocysteine-induced apoptosis and matrix remodel-
ling in mesangial cells through Akt/FOXO1 signalling cascade.
Cell Signal. 2019;61:66-77. doi:10.1016/j.cellsig.2019.05.003

Liu X, Cai X, Hu B, et al. Forkhead Transcription Factor 3a
(FOX03a) modulates hypoxia signaling via up-regulation
of the von Hippel-Lindau Gene (VHL). J Biol Chem.
2016;291(49):25692-25705. doi:10.1074/jbc.M116.745471
Farhan M, Wang H, Gaur U, Little PJ, Xu J, Zheng W. FOXO
signaling pathways as therapeutic targets in cancer. Int J Biol
Sci. 2017;13(7):815-827. d0i:10.7150/ijbs.20052

Shan Z, Li Y, Yu S, et al. CTCF regulates the FoxO signaling
pathway to affect the progression of prostate cancer. J Cell Mol
Med. 2019;23(5):3130-3139. doi:10.1111/jcmm.14138

Chae YC, Kim JY, Park JW, et al. FOXO1 degradation via G9a-
mediated methylation promotes cell proliferation in colon can-
cer. Nucleic Acids Res. 2019;47(4):1692-1705. doi:10.1093/nar/
gky1230

Mandic M, Misirkic Marjanovic M, Vucicevic L, et al. MAP
kinase-dependent autophagy controls phorbol myristate
acetate-induced macrophage differentiation of HL-60 leukemia
cells. Life Sci. 2022;297:120481. doi:10.1016/j.1fs.2022.120481
Xie C, Guo Y, Lou S. LncRNA ANCR promotes invasion and
migration of gastric cancer by regulating FoxO1l expres-
sion to inhibit macrophage M1 Polarization. Dig Dis Sci.
2020;65(10):2863-2872. doi:10.1007/s10620-019-06019-1

Ma J, Sun X, Wang Y, Chen B, Qian L, Wang Y. Fibroblast-
derived CXCL12 regulates PTEN expression and is associ-
ated with the proliferation and invasion of colon cancer cells
via PI3k/AKkt signaling. Cell Commun Signal. 2019;17(1):119.
doi:10.1186/s12964-019-0432-5

Zhao S, Mi Y, Guan B, et al. Tumor-derived exosomal miR-934
induces macrophage M2 polarization to promote liver metas-
tasis of colorectal cancer. J Hematol Oncol. 2020;13(1):156.
doi:10.1186/513045-020-00991-2

How to cite this article: Yang B, Wang L, Tian Z.
Silencing of RhoC induces macrophage M1
polarization to inhibit migration and invasion in
colon cancer via regulating the PTEN/FOXO1
pathway. Int J Exp Path. 2023;104:33-42.

doi: 10.1111/iep.12460



https://doi.org//10.1016/j.semcancer.2019.02.001
https://doi.org//10.1186/s12951-019-0563-2
https://doi.org//10.1210/me.2008-0147
https://doi.org//10.1038/s41467-020-19489-z
https://doi.org//10.1126/science.1152257
https://doi.org//10.1038/sj.onc.1209086
https://doi.org//10.3892/ol.2017.6669
https://doi.org//10.1083/jcb.201612069
https://doi.org//10.14670/hh-11-915
https://doi.org//10.31857/s0026898420010152
https://doi.org//10.31857/s0026898420010152
https://doi.org//10.1016/j.jconrel.2018.07.042
https://doi.org//10.1186/s12964-018-0316-0
https://doi.org//10.3389/fimmu.2021.803037
https://doi.org//10.1016/j.jnutbio.2020.108402
https://doi.org//10.1515/hsz-2018-0002
https://doi.org//10.1172/jci99806
https://doi.org//10.1172/jci99806
https://doi.org//10.2147/cmar.s286866
https://doi.org//10.1002/jcp.29310
https://doi.org//10.1016/j.cellsig.2019.05.003
https://doi.org//10.1074/jbc.M116.745471
https://doi.org//10.7150/ijbs.20052
https://doi.org//10.1111/jcmm.14138
https://doi.org//10.1093/nar/gky1230
https://doi.org//10.1093/nar/gky1230
https://doi.org//10.1016/j.lfs.2022.120481
https://doi.org//10.1007/s10620-019-06019-1
https://doi.org//10.1186/s12964-019-0432-5
https://doi.org//10.1186/s13045-020-00991-2
https://doi.org/10.1111/iep.12460

	Silencing of RhoC induces macrophage M1 polarization to inhibit migration and invasion in colon cancer via regulating the PTEN/FOXO1 pathway
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Cell culture
	2.2|Transfection
	2.3|Macrophage polarization
	2.4|Western blot assay
	2.5|Quantitative real-­time PCR (qRT-­PCR)
	2.6|3-­[4,5-­dimethyl-­2-­thiazolyl]-­2,5 diphenyl-­2H-­tetrazolium bromide (MTT) assay
	2.7|Wound healing assay
	2.8|Transwell assay
	2.9|Animals
	2.10|Statistical analysis

	3|RESULTS
	3.1|RhoC is up-­regulated in CC cells
	3.2|RhoC silencing inhibits cell viability, migration and invasion
	3.3|RhoC silencing inhibits M2 polarization and promotes M1 polarization
	3.4|RhoC silencing inhibits cell viability, migration and invasion by the PTEN/FOXO1 pathway
	3.5|SF1670 reverses the effects of RhoC silencing on macrophage polarization
	3.6|RhoC silencing inhibits tumour growth and migration

	4|DISCUSSION
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


