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Abstract

Colorectal cancer (CRC) is a common malignant tumor worldwide. Capsaicin and cold exposure were
positively correlated with CRC metastasis. However, the mechanisms of action underlying capsaicin and
cold exposure in 1,2-dimethylhyrazine (DMH)-induced CRC remain unknown. Multiple assays were
utilized in the present study, including methylene blue, hematoxylin eosin (H&E) and
immunohistochemistry (IHC) staining, western blotting and Duolink proximity ligation assay (PLA), in
order to assess the influence of capsaicin and cold exposure on CRC rat models induced by DMH. The
present study reported that capsaicin and cold exposure treatment significantly increased the size and
number of colonic tumors, and the CRC metastasis rate in the capsaicin and cold exposure groups was
higher than that in DMH model group.Moreover, it was observed that capsaicin and cold exposure
increased mRNA and protein expression levels of LAMC2 and integrin-B 1 induced by DMH. Duolink PLA
results indicated that cold exposure and capsaicin significantly promoted interaction formation between
LAMC2 and ITGBI in CRC rats induced by DMH. Furthermore, western blot and IHC analysis confirmed
that cold exposure and capsaicin inhibited DMH-induced decreases in the expression levels of E-cadherin,
and increases in the expression levels of p-FAK, Snails, Fibronectin and N-cadherin. In addition, the serum
levels of IL-1B and IL-6 in capsaicin and cold exposure group were higher than those of model group. In
conclusion, our study suggests that both capsaicin and cold exposure may contribute to EMT-mediated
the formation of premetastatic niche, which may lead to CRC metastasis by activating the early
interaction between LAMC2 and integrin-B1.
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Introduction

Colorectal cancer (CRC) is the second leading
cause of cancer-related death worldwide and bringing
an increasing heavy burden to the world’s health care
[1]. Studies have shown that the occurrence and
development of most colorectal cancer is related to
environmental factors, such as dietary intake and the
surrounding environment [1, 2]. Epidemiological
survey has indicated that cold exposure may not only
be closely associated with high incidence of colorectal
cancer, but also with malignant metastasis [3]. In

addition, chili-pepper was positively associated with
colorectal cancer incidence [4]. However, the
mechanism of capsaicin and cold exposure’s roles in
metastasis of colorectal cancer has not been
articulated.

Metastasis is known to be a major cause of
treatment failure and reduced postoperative survival
in CRC. Many early studies confirmed that tumor
metastasis is caused by the continuous proliferation of
scattered cancer cells, and these cancer cells can

https://lwww.jcancer.org



Journal of Cancer 2024, Vol. 15

357

remain dormant in the early stage. Therefore,
metastasis may occur in the early stage of tumor
evolution [5-7]. The microenvironment around the
tumor may promote the proliferation and migration
of disseminated cancer cells at an early stage,which is
called “premetastasis niche” [8] is involved in
facilitating metastasis [9]. Meanwhile, the forming of
pre-metastasis niche is a key step of metastasis, which
depends on the interaction between the primary
tumor and the premetastatic niche [10,11]. The
structure of endogenous extracellular matrix (ECM) in
organs is usually not suitable for supporting the
attachment, metabolism and migration of cancer cells.
Therefore, in order to form a scaffold structure
suitable for the attachment and migration of cancer
cells, ECM remodeling is an important process of
pre-metastasis niche formation [12-14].

Laminin is a family of extracellular heterotri-
meric glycoproteins, which is an important compo-
nent of ECM and the main structural component of
basement membrane. They have a barrier function
and play an important role in the adhesion,
differentiation, migration and anti-apoptosis of
various cells including cancer cells [15, 16]. In
addition, reports have confirmed the important roles
of laminin in the formation of premetastatic niche
[17,18]. Laminin-332 is considered to be a BM
component that is more effective than other
components of the extracellular matrix in stimulating
cell adhesion, migration and invasion, and laminin-y
2 (LAMC2) is a subunit of laminin-332 consisting of
a3, B3 and y2 chains. Although LAMC2 is an
important structural component of epithelial BM in
various normal tissues, there is evidence that LAMC2
monomers play a pathological role in cancer [19].
LAMC2, as an important component of the
environment-dependent  survival of colorectal
epithelial cells, it may play a key role in regulating
tumor cell viability during premetastatic niche
formation. During the premetastatic niche signal
transmission, LAMC2-integrin p1 interaction may
stimulate the formation of small premetastatic focal
contact and promote the migration of cancer cells
[20,21]. Among them, focal adhesion kinase (FAK) is a
kind of small premetastatic focal contacts. It is known
that FAK plays a key role in integrin-mediated signal
transduction [22]. The signal cascade triggered by the
interaction of integrin and laminin in the cell
phosphorylates FAK, thus inducing epithelial-
mesenchymal transformation (EMT), which is a
marker of the phenotypic changes of tumor cells in the
process of metastasis [23]. EMT is triggered by a
variety of factors, including snail, a transcription
factor that plays a crucial role in initiating EMT and is
also critical for cancer progression through

intercellular crosstalk and subsequent regulation of
local and distant microenvironments [24-26].

Previous study has demonstrated that cold
exposure and long-term low-dose capsaicin may
influence the ECM remodeling and further facilitate
CRC development and progression, which may be
closely related to the premetastatic niche of cancer [4].
Thus, we investigated the effects of capsaicin and cold
exposure on colorectal cancer metastasis from the
perspective of premetastasis niche.

Materials and Methods

Antibodies and reagents

Antibodies used in this study included: GAPDH
monoclonal antibody (ab125247), snail monoclonal
antibody (ab53519) and E-cadherin polyclonal
antibody (abl416) were purchased from ABCAM
(UK); LAMC2 monoclonal antibody (YT5379) was
purchased from Immunoway (USA); integrin {1
monoclonal antibody (sc-9970) was purchased from
Santa Cruz (USA), p-FAK-Y397 (AP0302), FAK
monoclonal antibody (A11131), fibronectin polyclonal
antibody(A16678) and SATB1 polyclonal antibody
(A5800) were purchased from ABclonal (China);
N-cadherin polyclonal antibody (22018-1-AP) was
purchased from Proteintech (USA). Secondary
antibodies (ab288151 and ab150113) were purchased
from ABCAM(UK). Polyvinylidene difluoride mem-
branes with a pore size of 0.45 mm was purchased
from Millipore (USA). RNAEX reagent, Evo M-MLV
RT Premix and SYBR Green Premix Pro Taq HS qPCR
Kit were purchased from Accurate Biotechnology
(China), an RT-PCR system (TaKaRa, Japan). IL-6,
IL-13 and TNF-a ELISA kits (Enzyme-linked
Biotechnology Co., LTD, Shanghai, China) were used.
Duolink PLA kits (DUO92012), Duolink PLA Rabbit
PLUS (DUO092002), and PLA Mouse MINUS
(DUO92004) proximity probes were purchased from
Sigma-Aldrich.

Animals experiment design

The animals used in this study were 48 male
Wistar albino rats, 7 weeks old, purchased from the
Laboratory Animal Center of Southern Medical
University [Certificate: SCXK (Yue) 2016-0041]. The
rats were placed in a pathogen-free cage (25 x 30 x 30
cm, 4 rats per cage) at the Experimental Animal
Center of Guangzhou University of Traditional
Chinese Medicine under a 12-hour light-dark cycle at
25 °C, 40-60% relative humidity. All rats were fed
standard rodent diet and filtered water AD [libitum
and acclimated for 1 week, prior to the experiment.
The use of laboratory animals was checked by the
“Institutional Animal Ethics Committee” (IAEC), and
all procedures were approved by the Ethics
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Committee of Guangzhou University of Chinese
Medicine and carried out in accordance with the
“Principles of Laboratory Animal Care” and
applicable specific national laws. All experimental
procedures and animal handling followed the Guide
for the Care and Use of Laboratory Animals [27].
Fouty-eight rats were randomly divided into 4
groups: normal group, model group, cold exposure
group and capsaicin group, with 12 rats in each
group. Randomization uses the standard = RAND ()
function in Microsoft Excel to generate random
numbers.

Control group: Rats were given 10 mL/kg b.wt
of water every day until the end of the experiment.

Model group: Rats were given daily water
10 mL/kg b.twt and subcutaneously injected 1,
2-dimethylhydrazine hydrochloride (DMH) 30, 35, 25,
20 mg/kg b.twt. Once a week for 12 weeks starting at
week 6.

Cold exposure group (DMH+ice water): Rats
were given 0 °C-ice water (10 mL/kg b.wt.) by gavage
every day, and DMH was injected subcutaneously at
30, 35, 25, and 20 mg/kg b.wt. once a week for 12
weeks starting at week 6.

Capsaicin group (DMH-+capsaicin): Rats were
given 9% capsaicin solution (10 mL/kg b.wt.) by
gavage every day, and DMH 30, 35, 25, 20 mg/kg
b.wt. Once a week for 12 weeks starting at week 6. The
specific modeling methods of each group are shown

Duration in weeks |

in Fig 1. The rats were then sacrificed by cervical
dislocation, blood was collected, and the colons were
removed, measured and used for further experiments.

Histological evaluation

Specimens were fixed in 4% paraformaldehyde
solution for 24 hours and then processed with paraffin
embedding and standard histological techniques.
Serial tissue sections (4 pm thick) were obtained from
each sample. After H&E staining, the results were
observed under a 40x light microscope (Olympus,
BX51). Finally, the difference in colonic histology was
observed by Martin B [28] method.

Determination of abnormal crypt lesions
(ACF)

Abnormal crypt lesions (ACFs) were determined
by staining with 0.2% methylene blue for 3 min and
observed under an Olympus BX51 microscope
according to the method described by Bird et al [29].
Diagnosis of colonic pathology and ACF was
performed by two pathologists.

Cytokine detection by ELISA

Serum was collected from rats, and
inflammatory factors (TNF-a, IL-6, IL-1P) were
detected by ELISA kit according to the instructions.
The concentration was measured at 450 nm based on
the optical density of the colorimetric reaction.
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Figure 1. lllustration of animal experiment. DMH: 1, 2-dimethylhydrazine hydrochloride.
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Western blotting

The 50pg extracted protein was firstly isolated
on a 10%SDS-PAGE gel and then transferred to a
polyvinylidene fluoride (PVDF) membrane with a
pore size of 0.45 mm (Millipore, USA), blocked in 5%
milk for 3 h at room temperature. Then LAMC2
(1:1000), integrin 1 (1:1000), p-FAK (1:1000), FAK
(1:1000), snail  (1:1000), E-cadherin  (1:1000),
fipronectin (1:1000), and N-cadherin (1:1000) were
used and incubated overnight at 4 °C. Secondary
antibodies were used and incubated for 1 h.
ChemiDoc TMXRS+ (Bio-Rad, USA) was conducted
in band intensities visualization, and the FAK (1:1000)
and GAPDH (1:8000) were set as controls.

Immunohistochemical staining (IHC)

Serial sections were used as IHC assays by
exposing sections to antigen extract at 95 °C for 15
min, cooling the extract at room temperature for 20
min, and then treating slides with hydrogen peroxide
(H20,) for 10 min to block endogenous peroxidase
activity, using the method described by Mansour DF
et al. [30]. Rabbit anti-histone polyclonal antibodies
were inoculated at 4 °C for 14 h overnight in the
following dilutions: integrin 1(1:100), LAMC2(1:50),
P-FAK (1:50), snail (1:50), E-cadherin (1:100),
N-cadherin (1:80), LAMC2(1:50). Fibronectin (1:200),
SATB1(1:200). The next day, the cells were incubated
with biotin-conjugated secondary antibody and
Streptomyces avidin-biotin peroxidase for 20 min,
respectively. 3,3’-tetrahydrochloric diaminobenzidine
was used as substrate and counterstained with
hematoxylin. For negative IHC control, PBS was used
instead of primary antibody. The results were
observed under a microscope at 40 magnification
(Olympus, BX51). For quantitative analysis,
Image-Pro Plus 6.0 was used to measure the
integrated optical density (IOD) of IHC images, and
the average optical density (AOD) was calculated
with the formula: AOD = 10D/ Area.

Duolink PLA

The Duolink PLA in situ attachment assay (PLA)
was based on a previous study described by Ning Bai
et al. Briefly, after the same cleaning, penetration, and

Table 1. Primer sequences for qRT-PCR.

sealing process as for histological analysis, colon
sections were incubated with anti-LAMC2 (1:200) and
anti-integrin (31(1:400) primary antibodies overnight
at 4 °C. The probes were then incubated for 1 h at 37°C
in close proximity with multiconjugate PLA Rabbit
MINUS and PLA Mouse PLUS. the assay procedure
for linkation and amplifiation were conducted
followed the kit manufacturer's protocols. And the
images taken under a light microscope, the red spots
represent the interaction between LAMC2 and
integrin 1. Image-pro Plus 6.0 was used to measure
the integrated optical density (IOD) of the Image for
the quantitative analysis, and the formula for
calculating the average optical density (AOD) was
AOD =10D/ Area.

RNA Extraction and quantitative real-time
polymerase chain reaction (QRT-PCR)

Total RNA was extracted from tissues using
RNAEX reagent (Precision Biotechnology, China)
according to the instructions. It was reverse-
transcribed into cDNA using Evo M-MLV RT premix
(Precision Biotechnology, China) and RT-PCR system
(TaKaRa, Japan) according to the manufacturer’s
recommended method. And then SYBR Green Premix
Pro Taq HS qPCR kit (Precision Biotechnology, China)
was used for PCR. PCR solution volume was 20 pL.
Quantitative PCR was performed using the RT-PCR
system (BioRad, Singapore). After initial denaturation
at 95 °C for 90 s, desaturation at 95 °C for 10 s, and
extension at 60 °C for 34 s, 40 cycles of amplification
were performed. GAPDH, used as control gene, and
CT expression was compared with GAPDH. Primer
sequences are shown in Table 1.

Statistical analysis

Experimental results were described using mean
(standard deviation), median (range), or frequency
(percentage). Independent sample T test or
Mann-Whitney U test were used for comparison
between the two groups. The correlation between
clinical indicators and immunohistochemical results
was analyzed by chi-square test. SPSS version 25.0
was used for statistical analysis. Statistical analysis:
“P<0.01; "P < 0.05.

Gene name Forward (5>3") Reverse (5'>3’)

LAMC2 GTGAAGCTTCCCTGCAAAAC CATTTGGCCCCACGTAGT

Integrin 1 TCGAAGGACCACTAGACCTGA TTCCATGGGAACAAAAGGTAA
Snail TTCACATCCGAGTGGGTCTG ACCCACACTGGTGAGAAGCC
FAK TTGGGTTGCAAACTATCTCTAGAAC TGGTACAAAACTGGCACAGAA
E-cadherin AAAGCAGGAAGAAAACACCACTC AAAGGGCACGCTATCAACATTAG
N-cadherin TCAGTGGCGGAGATCCTAC GTGCTGAATTCCCTTGGCTA
Fibronectin TGTCACCCACCACCTTGA CTGATTGTTCTTCAGTGCGA
GAPDH TGCCCTCATGTTCCTGATAAAT CATTACATCACAGCTTTCCAGG
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Results

Cold exposure and capsaicin promoted CRC
malignant progression in rats

In order to reveal the effects of cold exposure
and capsaicin on colorectal cancer, we established a

rat model of colorectal cancer in wvivo. The total
number of ACFs detected was 92.17 + 3.19 in the cold

A

exposure group, 72.20 £ 2.64 in the capsaicin group,
and 49.50 £3.78 in the model group (Fig. 3). These
results suggest that cold exposure and capsaicin
significantly increase the risk of CRC precancerous
lesions. In addition, we found that CRC rats in the
cold-exposed and capsaicin groups had more tumors,
and observed tumors were larger than those in the
model group (Fig. 2A and 2B).
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Figure 2. Effects of capsaicin and cold exposure on colorectal cancer progression. A. Morphological illustration of colonic neoplasms. B. Mean tumor number and tumor size.
C. Pathological morphology of colon (%400). D. Pathological changes of colonic lymph nodes at week 24 (x400). Bar graph means *SD (n = 6), compared with model group:

#P<0.01, #P<0.05; Compared with capsaicin group: *P<0.01, *P<0.05.
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H&E staining results were shown in Fig. 2C, the
pathological classification of each group were
classified in Table 2 according to the histological
diagnostic criteria of tumors [31]. No adenoma or
carcinoma in the control group during the whole
experiment. After the 12th DMH injection, at week 17,
half of the rats showed atypical hyperplasia in model
group. The atypical hyperplasia rate was 100% in both
capsaicin group and cold exposure group, the number
of crypt cells and layers increased, and the
morphology was irregular. At week 24, mucosal
carcinoma developed in the colon of 50% of the rats in
the model group. The rate of intramucosal carcinoma
was 66.67% and rate of infiltrating carcinoma was
33.33% in the capsaicin group. In cold exposure
group, 100% of the rats showed mucosal invasive
carcinoma. According to mesenteric lymph node
staining at week 24 (Fig. 2D), no lymphatic metastasis
was found in either the model group, whereas cancer
cell infiltration was found in the lymph nodes in
capsaicin group and cold exposure group, with a
lymph node metastasis rate of 16.7% and 33.33%,
respectively (Table 2). These results suggest that the
pathological features of colorectal cancer are different

between the capsaicin and cold exposure groups. The
malignant degree of CRC in cold exposure group was
higher than that in other groups, followed by
capsaicin group.

Cold exposure and capsaicin increased the
expression of LAMC2, ITGBI1 and FAK in CRC
rats

LAMC2 and ITGB1 protein levels were
determined by using western blotting (Fig. 4B-C) and
IHC (Fig. 4D-F). The results showed that at week 17
and week 24, the levels of LAMC2 and ITGB1 in the
capsaicin group and cold exposure group were higher
than those in the model group (P < 0.05).

At 17th and 24th week, the mRNA levels of
LAMC2 and ITGB1 in the capsaicin group and cold
exposure group were higher than those in model
group (P<0.05; Fig. 4A). In addition, protein level of
FAK in capsaicin group and cold exposure group
were higher than those in model group at 17th and
24th week (Fig. 6 and Fig. 7, P<0.05). However, there
was no significant difference in mRNA levels of FAK
between capsaicin, cold exposure and model group (P
> 0.05; Fig. 8A).

Table 2. The number of rats with mucosal pathological tissue changes in different time periods.

Adenocarcinoma With lymphatic metastasis

Week Group n Normal Atypical hyperplasia Adenoma Mucosal carcinoma Infiltrating carcinoma Metastasis Tumor metastasis rate (%)
17 Control 6 6 0 0 0 0 0 0.00

Model 63 3 0 0 0 0 0.00

Capsaicin 60 6 0 0 0 0 0.00

Cold exposure 6 0 6 0 0 0 0 0.00
24 Control 6 6 0 0 0 0 0 0.00

Model 60 0 3 3 0 0 0.00

Capsaicin 60 0 0 2 4 1 16.67

Cold exposure 6 0 0 0 0 6 2 33.33

100+

50+

Total number of ACF

0-
Model

#it

Capsaicin group

Cold exposure group

LRI s P LY :
;‘QJ; -\’ ;

.g

¢ Q

#i#t

Capsaicin Cold exposure

Figure 3. Abnormal crypt foci in colon of rats in each group. A. Methylene blue staining of ACF in colon sections of rats (x400). B. Bar chart of ACF quantity. Bar graph means
+SD (n=6), compared with model group: #P<0.01, #P<0.05; Compared with capsaicin group: *P<0.01, *P<0.05. ACF: Abnormal crypt foci.
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by qRT-PCR. B and C. Quantification of integrin B1 and LAMC2 protein levels in rats by western blotting. D and E. Quantification of integrin f1(D) and LAMC2(E) protein levels
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https://lwww.jcancer.org



Journal of Cancer 2024, Vol. 15

363

tegrin 1 LAMC2+Integrin p1
4t I8 "o -

; 2NN ads

= Control
g && 3 Model
< 1.0 i =1 Capsaicin
= #it
g 3 Cold exposure
=)
2 &
< 05 " ﬁ "
) I Im | |
0.0 . ’
17th week 24th week

Figure 5. Capsaicin and cold exposure regulate the interaction of integrin Bl and LAMC2 in animal samples. Representative images of the interaction between integrin B1 and
LAMC2 in rats at week 17 (A) and week 24 (B); C. Statistical analysis of Duolink PLA positive signals by counting the AOD under light microscope. The bar graph shows the mean
+ standard deviation (n=6). Compared with normal group: “P<0.01, *P<0.05; Compared with the model group: #P<0.01, #P<0.05; Compared with capsaicin group: &P<0.01,

&P<0.05. PLA: Proximity ligation assay.

Cold exposure and capsaicin promote early
interaction formation between LAMC2 and
ITGBI in CRC rats

In this study, Duolink PLA was performed to
determine the interaction between ITGB1 and
LAMC2. And the red dots represent the interaction
between LAMC2 and ITGB1. The results showed in
Fig. 5, at week 17, the capsaicin and cold exposure
groups showed more interaction signals between
LAMC2 and ITGB1 than that in model group. At week
24, the results were consistent with that of week 17.
The results suggests that capsaicin and cold exposure
may enhance the interactions of LAMC2-ITGB1 in
CRC rats at earlier stage, especially cold exposure
may stimulate the formation of more LAMC2 and
ITGB1 interactions.

Cold exposure and capsaicin changed the
mRNA and protein levels of EMT-associated
markers in CRC rats

EMT occurring has been known as one of the key
steps in the formation of premetastatic niche [32]. As
shown in western blotting (Fig. 6) and IHC (Fig. 7)
results, at week 17, capsaicin and cold exposure
resulted in an increase in protein levels of EMT

markers including p-FAK, N-cadherin, fibronectin,
and snail. However, the E-cadherin was reduced in
capsaicin and cold exposure group. At week 24, the
results were similar to those of week 17. And the
mRNA levels of FAK, E-cadherin, N-cadherin,
fibronectin and snail determined by qRT-PCR were
shown consistent with the protein levels (Fig. 8A).
These results suggest that at early stage, capsaicin and
cold exposure may abnormally alter the level of EMT
biomarkers in CRC rats.

Cold exposure and capsaicin increased the
expression of proinflammatory factors
associated with the premetastatic niche in
CRC rats

The result of ELISA (Fig. 8B) showed that at
week 17, levels of IL-1p and IL-6 in capsaicin and cold
exposure groups were higher than those in model
group, with the highest levels in cold exposure group.
At week 24, the results were consistent with those of
week 17, suggesting the concentrations of IL-1p and
IL-6 in cold exposure group were higher than those of
model and the capsaicin group, which may be one of
the reasons for the occurrence of lymph node
metastasis in cold exposure group.
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Figure 7. The protein levels of EMT-related markers detected by IHC in rats. A and B. AOD was detected by IHC to quantify the protein levels of FAK, p-FAK/FAK, snail,
fibronectin, E-cadherin and N-cadherin in rats at week 17(A) and week 24(B). The bar graph shows the mean % standard deviation (n=3), Compared with control group:
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Discussion

Metastasis, the leading cause of death in CRC [5].
Capsaicin and cold exposure have been reported to
facilitate CRC metastasis [4,33], however, the specific
mechanisms involved remain unclear. In this study,
the number of ACF in capsaicin and cold exposure

groups was significantly higher than that in model
group, and the results of pathological evaluation were
found similar to the results of ACF, suggesting that
the risk of precancerous lesions in CRC rats was
higher in capsaicin and cold exposure groups than
that of model group. In addition, the number and size
of tumors in capsaicin group and cold exposure group
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were higher than those of model group. In particular,
16.7% of the rats in the capsaicin group had lymph
node metastasis, while 33.33% of the rats in the cold
exposure group had lymph node metastasis, while no
lymph node metastasis was found in the model
group. The results showed that compared with the
model group, the risk of CRC precancerous lesions
was higher in the capsaicin and cold exposure groups,
and the risk of malignant metastasis was higher in the
cold exposure and capsaicin groups. Which suggested
that capsaicin and cold exposure may facilitate
metastasis, nevertheless, the molecular mechanisms
involved remain unknown.

Previous studies have shown that the interaction
between disseminated cancer cells and premetastatic
niches is necessary for metastasis [34-36]. Primary
tumor cells may regulate tumor metastasis by
secreting a variety of molecules, which promote the
mobilization and recruitment of various cells to the
pre-metastasis niche, and thereby regulate ECM
characteristics in secondary organs by changing
expression of ECM [37]. Which indicated that ECM
remodeling plays a key role during the formation of
pre-metastasis niche by supporting the attachment,
metabolism and migration of cancer cells [38].

Among various laminins, as an important
component of environment-dependent survival of
colorectal epithelial cells, LAMC2 may regulate the
viability of tumor cells by promoting the formation of
premetastatic niche [40]. LAMC2 stimulates the
formation of focal contact before metastasis by
interacting with ITGB1, and promotes the migration
of cancer cells. It has been demonstrated that focal
adhesions stimulated by the interaction of LAMC2
and ITGB1 may result in malignant metastasis of CRC
by activating tumor budding of cancer cells [41]. FAK,
as one of focal adhesions stimulated by interaction of
LAMC2 and ITGBI1, involved in LAMC2 and ITGB1
signal transduction. FAK was vital in ITGB1-mediated
signal transduction, and it will transmit signals to
snails to induce EMT event when the phosphorylated
FAK is activated. The interactions of LAMC2 and
ITGB1 and the overexpressed FAK are considered as
markers of forming premetastatic niche which leads
to malignant metastasis of CRC [42]. As shown in
results, in early stage, capsaicin and cold exposure
groups showed more interaction signals of
LAMC2-ITGB1 and higher level of FAK than those in
model group. Furthermore, higher ratio of
p-FAK/FAK at early stage in the capsaicin and cold
exposure groups indicates a higher degree of FAK
activation, which may induce early EMT events. CRC
metastasis depends on early EMT events, during
which colorectal epithelial cells lose connectivity and
apical base polarity to gain phenotypic capacity for

mesenchymal migration and invasion [43]. EMT may
be an early event involved in metastasis, as some
cancer cells may acquire the ability to spread and
metastasize before turning malignant [44]. Moreover,
proinflammatory cytokines were found to play an
important role in the formation of premetastatic
niches. It was indicated that high levels of IL-6 and
IL-1p may stimulate the adhesion of bone marrow
cells to endothelial cells by activating ITGB1 [45,46],
thereby inducing EMT to facilitate metastasis [47,48].
In this study, significantly increased levels of IL-1p
and IL-6 were found in the early stage of precancerous
lesions in the capsaicin group and cold exposure
group, which may enhance the proliferation and
invasion of early disseminated cancer cells act as
paracrine signals. Which may help cancer cells change
their phenotype and facilitate metastasis through
EMT.

EMT event is often characterized by loss of
E-cadherin and overexpression of snails, N-cadherin,
and fibronectin [49,50], which is also a key step
involved in formation of premetastatic niche [34]. The
results in our experiments suggest that capsaicin and
cold exposure may enhance the interactions between
LAMC?2 and ITGBI1 to form premetastatic niches and
further activate p-FAK, thereby upregulating the
expression of snails in precancerous lesions.
Therefore, the increasing levels of N-cadherin and
fibronectin and down-regulated E-cadherin may
facilitate CRC metastasis by leading to a
mesenchymal phenotype of cancer cells. Which may
be one of the reasons why capsaicin and
low-temperature exposure lead to CRC metastasis.
According to the results, the present study indicated
that both capsaicin and cold exposure may accelerate
the formation of premetastatic niches and lead to CRC
metastasis by enhancing EMT events mediated by
LAMC2-ITGBI interaction.

Conclusion

In conclusion, this study sought to investigate
the nonspecific effects of capsaicin and cold exposure
on the premetastatic niche of colorectal cancer. The
results suggest that capsaicin and cold exposure have
an effect on the pattern of colorectal cancer and may
both promote malignant metastasis, especially cold
exposure. Which may be related to the effect of
capsaicin and cold exposure on the early
EMT-mediated premetastatic niche of colorectal
cancer induced by the interaction between LAMC2
and ITGB1.
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