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ABSTRACT: Analysis of colorectal cancer (CRC) data revealed that cell adhesion molecule 2 (CADM2) is lowly ex-
pressed in tumor tissues. This study, therefore, aimed to elucidate the anti-oncogenesis roles of CADM2. The expression
level CADM2 in The Cancer Genome Atlas (TCGA) were analyzed. We validated the expression level in adjacent normal,
tumor, and metastatic tissues through real-time polymerase chain reaction (PCR) and immunohistochemistry (IHC).
Methylation-specific PCR was used to explore the reason for the low expression. The biological function of CADM2
was verified by analyzing CCK-8 and transwell in cell line. Bioinformatics and Western blot analyses were used to
explore anti-tumor progression pathways and the differences in immune infiltration levels. We found that CADM2
is weakly expressed in the TCGA and has good diagnostic performance. The low expression of CADM2 in cell lines
and tissues was confirmed, and the hypoexpression was correlated with promoter hypermethylation. The IHC showed
statistically significant decreased expression in primary focal compared to adjacent normal tissue, which further reduced
in metastatic foci compared with primary foci. Up-regulation of CADM2 inhibited the growth and migrative and invasive
ability of cells. When CADM2 expression was up-regulated, significant changes occurred in the expression of epithelial-
mesenchymal transition (EMT)-related protein. Bioinformatics analysis indicated that the molecular mechanism of
CADM2 inhibiting tumor progression may also be related to the EMT process. Moreover, the CADM2 high-expression
subgroup had higher immunity scores and infiltration levels. The research showed the association of CADM2 with
carcinogenesis and metastasis by EMT process, providing new insight for molecular therapy and diagnosis of CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third leading cause of
cancer death worldwide with more than 1.85 million
cases and 850,000 deaths per year [1, 2]. Of those
newly diagnosed CRC, approximately 35% of patients
have metastatic disease at diagnosis, and another 50%
presenting with localized disease will eventually have
metastatic disease. Approximately 70–75% of patients
diagnosed with metastatic CRC disease survive more
than 1 year, 30–35% survive more than 3 years, and
less than 14% survive more than 5 years [2–4]. Studies
have shown that genes, proteins, mutations, and non-
coding RNAs play important roles in tumor develop-
ment and may provide new insights for molecular
therapy of CRC [5–8].

CADMs belong to the immunoglobulin superfamily
and include CADM1, CADM2, CADM3, and CADM4,

which are characterized by 3 extracellular Ig-like loops,
a transmembrane region, and an intracellular domain.
CADMs are mainly involved in binding cells with other
cells or with the extracellular matrix (ECM) and are
crucial components in the maintenance of tissue struc-
ture and function [9–11]. Studies have confirmed that
CADM2 is associated with obesity [12], diabetes [13],
psoriasis [14], pulmonary injury [15], and stroke [16].
Recently, an increasing number of findings have shown
that CADM2 plays a crucial role in carcinogenesis.
For example, a retrospective analysis showed that low
CADM2 expression predicts a high risk of recurrence
in hepatocellular carcinoma after hepatectomy [17].
Moreover, CADM2 may inhibit proliferation, migra-
tion, and invasion of clear cell renal cancer through
hypoxia-mediated regulation [18]. Down-regulation
of microRNA-182 inhibits cell viability, invasion, and
angiogenesis in retinoblastoma through inhibition of
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the PI3K/AKT pathway and CADM2 up-regulation
[19]. Although researchers have recently reported
that CADM2 plays an anti-oncogenic role in colon
cancer cells, the mechanism of its anti-carcinogenesis
has not been reported, and the correlation between
its expression level and clinical features has not been
elucidated [20].

The immune cell composition within colorectal
cancer tumors is heterogeneous with immune cell
subgroups located at the core or invasive margins of
the tumor, directly interacting with malignant cells
[21]. Extensive research has shown that T cells exhibit
important anti-tumor activity and play a crucial role in
tumor control. Increased expression of genes encoding
components of the Th1 pathway and CD8 T cells has
been observed in colorectal cancer tumors, which show
no early signs of metastasis compared to tumors of
this nature [22]. Furthermore, the expression of these
genes is negatively correlated with tumor recurrence.
Extensive intratumoral infiltration of NK cells has a
favorable prognostic impact on colorectal cancer [23].

In our study, low expression of CADM2 in CRC
was detected in CRC by analyzing The Cancer Genome
Atlas (TCGA) databases and validated at the mRNA
and protein levels using cell lines and clinical samples.
A large number of samples were tested to verify the
clinical usefulness of CADM2 as a biomarker and the
expression level of CADM2 in primary and metastatic
foci. The cell biological function of CADM2 and the
pathway to inhibit tumor metastasis were further ex-
plored. In addition, we analyzed the differences in
immune infiltration levels and immune scores among
different CADM2 expression level subgroups.

METHODS

Patients enrolled

Paraffin-embedded tissue samples (59 of adjacent nor-
mal and 467 of CRC tissue from 454 patients) were
collected from the First Affiliated Hospital of Wenzhou
Medical University. Of the 454 patients, 45 had paired
adjacent normal and tumor tissues. Of the 45 patients,
12 had paired adjacent normal, tumor, and metastatic
tissues. Thirty paired adjacent normal and tumor fresh
tissues were collected from patients who underwent
colorectal tumor resection. The diagnosis of CRC
was confirmed by experienced pathologists based on
histological evidence. This study was approved by
the Ethics Committee of the First Affiliated Hospital of
Wenzhou Medical University (KY2022-R210).

Data mining

First, mRNA data of 41 normal and 480 tumor tissues
were obtained from TCGA database to verify the ex-
pression of CADM2 in CRC. Subsequent experimental
verification involved differential mRNA expression of
CADM2 in cell lines and selected 30 paired CRC sam-
ples. The protein level of CADM2 was detected by

immunohistochemistry (IHC) in 59 adjacent normal
tissues and 467 tumor samples.

RNA extraction, reverse transcription, and
quantitative PCR (RT-qPCR)

Total RNA from cell lines and tissues was extracted
using TRIzol Reagent (Thermo Fisher Scientific, USA)
according to the manufacturer’s instructions. Total
RNA (500 ng) was reverse-transcribed to cDNA using
a PrimeScript RT Reagent Kit (TaKaRa, China). The
cDNAs were then amplified for qPCR using SYBR Green
(TaKaRa) and analyzed by ABI QuantStudio5 (Thermo
Fisher Scientific). The primers used for qPCR were
summarized in Table S1.

Methylation-specific PCR analysis

Genomic DNA from 30 paired adjacent normal and
tumor tissues was extracted using the QIAcube au-
tomated DNA extraction system (Qiagen, Germany)
according to the manufacturer’s instructions. One µg
genomic DNA was modified by sodium bisulfite using
the EZ DNA methylation™ kit (Zymo, USA). Modified
genomic DNA was amplified with specific primer sets
using SYBR Green Mix (TaKaRa). The exact position of
the CpG site used for methylation-specific PCR analysis
in our experiments was the CADM2 5′-untranslated
region from - 442 to - 659, for which we designed
primers and performed amplification analysis. The
primers used for methylation-specific PCR were also
summarized in Table S1. The two-step reaction condi-
tions were 95 °C for 30 s, 40 cycles of 95 °C for 5 s, and
60 °C for 60 s. Finally, the relative methylation level
for each sample was normalized to the control ACTB
expression and calculated by the ∆Ct.

Immunohistochemical staining

The tissues were fixed, dehydrated, embedded, and
sectioned (3.5 µm). The slides were stained with
anti-CADM2 antibody (#34182, 1:500, Signalway An-
tibody, USA). Images were acquired using a microscope
(DP80, Olympus, Japan). Staining results were inde-
pendently assessed by 2 pathologists. The score adopts
the H-Score (Histochemistry score) histological scoring
system, H-SCORE =

∑
(pi× i) = (percentage of weak

intensity×1) + (percentage of moderate intensity×2)
+ (percentage of strong intensity×3), where pi repre-
sents the pixel area of the positive cell number ratio,
and i represents staining intensity. The H-score ranges
from 0–300; the larger the score, the stronger the
comprehensive positive intensity.

Cell culture and lentiviral vector

Cell lines FHC, HT-29, SW620, DLD-1, SW480, and
CaCo2 were purchased from the Cell Bank of the Chi-
nese Academy of Sciences (China), cultured in RPMI
1640/DMEM medium containing 10% fetal bovine
serum (FBS), and incubated at 37 °C in a 5% CO2
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incubator. Full-length CADM2 DNA fragments were
amplified by PCR and cloned into pCDH-GFP-Puro vec-
tor (Ruibo, China), and lentivirus was produced using
packaging plasmids pCMV-VSVG, pMDLg/pRRE, and
pRSV-REV in our laboratory, as previously described
[24].

Cell counting kit-8 (CCK-8) assay

Cell growth was determined by the CCK-8 assay (Do-
jondo Laboratories, Japan). Briefly, 5,000 cells per
well were seeded in 96-well plate, and 10 µl of CCK-8
solution was added to each well at the indicated time
points and incubated for 3 h. Absorbance at 450 nm
was measured using a microplate reader.

Colony formation assay

Cell lines (DLD-1 and SW480) were seeded in 6-well
plate (Corning, USA) at 500 cells/well. Plates were
then incubated for 14 days under standard culture
conditions, stained with 0.1% crystal violet (Beyotime,
China) for 0.5 h, imaged under a microscope (Olym-
pus), and archived.

Transwell assays

For migration assay, a 24-well plate (Corning) with
an 8 µm pore polycarbonate membrane was used.
Then, 1×105 cells were seeded into the upper chamber,
and 200 µl of serum-free RPMI-1640 was added. For
invasion assay, the procedure was the same as migra-
tion assay, except that the matrix gel needs to be laid
down in the pore polycarbonate membrane in advance.
subsequently, the membrane was stained with crystal
violet and photographed for counting. The number of
migrating and invasive cells was counted in 3 randomly
selected fields.

Real-time cell analysis

Real-time cell analysis was performed using a modi-
fied 16-well plate (Agilent Technologies, USA), with
each well consisting of upper and lower chambers
separated by a microporous membrane with randomly
distributed 8 µm pores. This setup is analogous to
the traditional Transwell plate with microelectrodes at-
tached to the bottom of the membrane for impedance-
based migration cell detection. For Real-Time Cell
Analysis (RTCA), 30 µl serum-free RPMI-1640 was
added to the upper chamber, and 165 µl of 20% serum
RPMI-1640 was added to the lower chamber and equi-
librated in a 37 °C, 5% CO2 cell culture incubator for
1 h. After that, baseline measurement was performed
using the xCELLigence RTCA DP Analyzer (Agilent
Technologies). Subsequently, cells were seeded in the
upper chamber of each well, and the plate was placed
in the RTCA Station inside the incubator. The scanning
was performed every 15 min for a total of 24 h. The
invasion experiment is similar to the migration exper-
iment, except that a matrix gel needs to be pre-coated

on a porous polycarbonate membrane in advance and
scanned every 15 min for a total of 48 h.

Western blot analysis

Cells were lysed with RIPA lysis buffer (Thermo Fisher
Scientific) containing protease inhibitors (Sigma-
Aldrich, Germany). Protein concentrations were quan-
tified using the BCA analysis kit (Sigma-Aldrich). Pro-
teins were then electrophoresed in a polyacrylamide
gel and transferred to a PVDF membrane. Primary
antibody was added to the proteins overnight at 4 °C.
The next day, the secondary antibody was incubated
with the protein for 1 h at room temperature. ECL
Western Blotting Substrate (Thermo Fisher Scientific)
was used to detect protein bands on a Gel Doc XR
+ system (Bio-Rad, CA, USA). The following primary
antibodies were used: CADM2 (#34182, 1:1000);
GAPDH (AF7021, 1:5000, Affinity Biosciences, USA);
E-cadherin (#3195 1:1000) and Vimentin (#5741,
1:1000) from Cell Signaling Technology, USA); and
Slug (#ab27568, 1:1000, Abcam, UK).

Immune infiltration

Data for immune infiltration analysis were obtained
from the TCGA database, RNAseq data in FPKM (Freg-
ments per Kilobase per Million) format were log2
transformed for subsequent analysis, and markers for
24 immune cells were obtained from the literature
[25].

Bioinformatics analysis

Genomic data of 41 normal and 480 tumor tissues were
obtained from the TCGA database (https://portal.gdc.
cancer.gov). The correlation between CADM2 expres-
sion and promoter methylation level was analyzed
based on Illumina 450 methylation data from the
TCGA database. The predictive effect of CADM2 ex-
pression levels was evaluated by the “pROC” package
of the R software using a combination of accuracy,
sensitivity, specificity, and area under the receiver oper-
ating characteristic (ROC) curve. The “ggplot” package
was used to visualize single-gene co-expression, corre-
lation heat maps, and scatter plots between CADM2
and epithelial-mesenchymal transition (EMT)-related
proteins. The correlation between CADM2 expression
level and immune infiltration was determined by the
GSVA package and ssGSEA algorithms of R software.

Statistical analysis

Data are presented as mean± standard deviation (SD).
Enumeration data were compared using the chi-square
test, and continuous data were compared with an
independent t-test (SPSS 23.0, USA). Spearman’s rank
correlation served as a measure for evaluating the
correlation. A p-value of less than 0.05 was considered
statistically significant (ns, not significant; *, p < 0.05;
**, p < 0.01; ***, p < 0.001; and ****, p < 0.0001).
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Fig. 1 The level of mRNA expression and promoter methylation of CADM2 in colorectal cancer (CRC) tissue. Unpaired (a)
and paired (b) analysis of mRNA expression of CADM2 in normal and tumor tissues based on The Cancer Genome Atlas
(TCGA) data. (c) Receiver operating characteristic curves of CADM2 mRNA expression levels. (d) The mRNA expression
of CADM2 determined by real-time PCR in paired CRC tissues (n = 30). (e) The mRNA expression of CADM2 in intestinal
epithelial cell line FHC and CRC cell lines. (f) The promoter overall methylation level of CADM2 in unpaired CRC tissues.
(g) Methylation-specific PCR analysis of the promoter methylation level of CADM2 in paired CRC tissues (n= 30.) (h–i) The
correlation between CADM2 expression level and specific location promoter methylation level. ns, no significance; *, p< 0.05;
**, p < 0.01; ***, p < 0.001; and ****, p < 0.0001.

RESULTS

The mRNA expression of CADM2 down-regulated
in CRC

Analysis of expression data from the TCGA database
showed that CADM2 exhibited low expression in tu-
mor tissues from unpaired and paired CRC samples
(Fig. 1a,b). Predicting the outcome based on CADM2
expression, the mean expression levels in the nor-
mal (n = 41) and tumor (n = 480) groups were

0.829±0.53 and 0.081±0.206, respectively. CADM2
had high performance in the diagnosis of CRC when
the cut-off was 0.218 (Area under Curve (AUC) =
0.972, CI = 0.959–0.985) (Fig. 1c). Examination of
mRNA in the selected 30 pairs of adjacent normal and
tumor tissues from our cohort revealed that CADM2
mRNA expression was also down-regulated in tumor
tissues (Fig. 1d). Similarly, the mRNA expression of
CADM2 was lower in CRC cells compared with normal
human intestinal epithelial cell line FHC (Fig. 1e).
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Hypoexpression of CADM2 caused by methylation
of the promoter

Previous studies have shown that loss of heterozygosity
(LOH), mutations, and gene promoter methylation
contribute to the inactivation of tumor suppressor
genes in cancer [26]. We found that the higher over-
all promoter methylation of CADM2 in the UALCAN
database (Fig. 1f) was experimentally confirmed in tu-
mor tissues from 30 paired CRC tissues (Fig. 1g). Since
we only collected paired fresh tissues of colorectal
cancer and adjacent non-cancerous tissues, but not
fresh tissues from metastatic lesions, we were unable
to assess the methylation level of CADM2 in metastatic
lesions. Subsequently, we tested the correlation be-
tween the methylation level of 10 CpG sites and the
expression level of CADM2 from TCGA Illumina 450
methylation data. These 2 sites (cg03147002 and
cg20541723) in the manuscript are representative and
can reflect a negative correlation between CADM2 ex-
pression levels and methylation levels in the promoter
region (Fig. 1h,i). The methylation levels of 3 out of
the remaining 8 CpG sites (cg03416562, cg22380921,
and cg15355387) are also negatively correlated with
the expression levels of CADM2 and are statistically
significant; the 5 out of 8 CpG site are negatively
correlated but not statistically significant. The scatter
plot of the correlation for these 8 sites has been placed
in Fig. S1. This suggests that the hypoexpression of
CADM2 may be caused by the hypermethylation of the
promoter.

Low protein expression of CADM2 in primary and
metastatic CRC

We examined CADM2 protein expression by IHC in
59 adjacent normal and 467 tumor tissues. Repre-
sentative staining for CADM2 is shown in Fig. 2a; the
results showed that the expression of CADM2 was
significantly lower in tumor tissues than that in normal
tissues (p < 0.0001) (Fig. 2b). In 45 patients who had
paired normal and tumor tissues, CADM2 expression
was statistically significant lower in the primary foci
compared with normal tissues (p < 0.0001) (Fig. 2c).
In 12 patients who had paired normal, primary tumor,
and metastatic tissue, CADM2 expression was also
lower in normal tissue than that in primary tumor and
further decreased in the metastatic lesions compared
with the primary lesions (Fig. 2d).

Overexpression of CADM2 inhibiting cell growth,
migration, and invasion in CRC cells

We overexpressed CADM2 in DLD-1 and SW480 cell
lines, and the up-regulation of CADM2 expression was
verified by Western blot analysis (Fig. 3a,b). As shown
in Fig. 3c,d, up-regulation of CADM2 significantly in-
hibited cell growth. The migrative and invasive ability
of CRC cells was drastically reduced (Fig. 3e,f). Fur-
thermore, by utilizing RTCA to further analyze cell

migration and invasion, it is indeed observed that
overexpression of CADM2 significantly inhibits the rate
of cell migration and invasion (Fig. 3g).

CADM2 inhibiting EMT process in CRC

CADM2 expression was lower in primary foci and
further decreased in metastatic foci. To elucidate
its role in the metastatic process, we detected EMT
pathway-related proteins expressions by Western blot
analysis. Overexpression of CADM2 increased the
expression of E-cadherin and decreased the expression
of vimentin and Slug, suggesting that EMT is involved
in this progression process (Fig. 4a,b). We then per-
formed correlation analysis for CADM2, and the results
showed that CADM2 was significantly correlated with
proteins involved in the EMT process, including ZEB1,
ZEB2, PDGFB, PAK1, ZO-1, LIMK, SMAD3, SMAD4,
FN, SMAD2, SNAIL2, and MMP2. Among them,
CADM2 was negatively correlated with PAK1 and LIMK
and positively correlated with the remaining proteins
(Fig. 4c–e).

Relative abundance of CADM2 in immune
infiltration

The correlation between CADM2 expression and the
extent of immune cell infiltration in CRC tissues was
analyzed. High CADM2 expression was significantly
positively correlated with activated DC (aDC), cyto-
toxic cells, T helper cells, T cells, Th1 cells, neutrophils,
Treg, T central memory (Tcm), T gamma delta (Tgd),
plasmacytoid DC (pDC), T effector memory (Tem), DC,
T follicular helper (Tfh), NK cells, immature DC (iDC),
B cells, macrophages, eosinophils, and mast cells in
CRC, and the enrichment scores of immune cells were
higher. This indicates that immune cells are active
when it is highly expressed (Fig. 5).

DISCUSSION

CADM2 is a member of the adhesion molecule family
and interacts homophilically and heterophilically with
other CADM family members, leading to cell aggre-
gation and the organization of functional synapses
through heterophilic adhesion. In recent years, its
anti-oncogenesis effect has been noted by researchers.
Li et al [27] found that CADM2 is lowly expressed in
esophageal squamous cell carcinoma (ESCC) and that
up-regulation can inhibit cell proliferation and induce
apoptosis in ESCC cells. In renal cell carcinoma [28]
and prostate cancer [10], CADM2 also acts as a tumor
suppressor, and low CADM2 expression in patients
with hepatocellular carcinoma predicts a higher risk
of recurrence after hepatectomy [17]. Moreover, miR-
146a regulated by hypoxia targets CADM2 to promote
proliferation, migration, and invasion of clear cell renal
cell carcinoma [18]. We found for the first time that
the expression level of CADM2 was lower in CRC
metastatic foci than that in primary foci. However,
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Fig. 2 CADM2 protein expression in primary and metastatic foci. (a) Immunohistochemistry (IHC) analysis of CADM2 protein
expression in colorectal cancer (CRC) tissue. (b) CADM2 protein expression determined by IHC in 59 normal and 467 tumor
tissues. (c) CADM2 protein expression in 45 paired CRC tissue and adjacent normal tissue samples. (d) CADM2 protein
expression in 12 patients with paired normal, primary tumor, and metastatic tumor tissues.

Dai et al [29] considered that CADM2 might be a
poor prognostic factor in patients with brain metas-
tasis of NSCLC, which was up-regulated in patients
with brain metastasis of NSCLC compared to patients
without brain metastasis. Since our colorectal cancer
metastatic tissues were mainly liver and lung, which
are completely different from NSCLC metastasis to the
brain, we speculate that CADM2 plays different pro-
metastatic roles in different cancer types. Currently,
the prognostic or predictive value for CRC is unknown.
In this study, we found for the first time that CADM2
was used as a biomarker for CRC and showed high di-
agnostic efficiency (AUC = 0.972, CI = 0.959–0.985).

Methylation, a common epigenetic modification,
can inactivate tumor suppressor oncogenes, and many
tumor suppressor genes undergo CpG hypermethyla-
tion and subsequent loss of expression, such as the
APC [30], CD44 [31] and CDH1 [32]. CADM2 is no

exception. Chang et al [10] confirmed that hypoex-
pression of CADM2 correlates with promoter hyper-
methylation in prostate cancer. He et al [28] con-
firmed that aberrant methylation and loss of expression
of the tumor suppressor CADM2 are associated with
tumor progression in human renal cell carcinoma.
The RHEB methylation is a new highly sensitive and
specific tumor marker from DNA methylation change
in white blood cells of breast cancer patient blood and
may be considered a tumor marker for breast cancer
screening [33]. In the present study, we demonstrated
that CADM2 expression was also reduced by promoter
methylation and that the methylation level was nega-
tively correlated with the expression level in CRC.

Metastasis is a multi-step process in which tumor
cells spread from the primary foci and form secondary
tumors at a distant location. The IHC results of CADM2
showed statistically significant decreased expression in
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Fig. 3 Overexpression of CADM2 inhibiting growth, migration, and invasion in colorectal cancer (CRC) cells. (a–b) The protein
expression level and graphical representations determined by Western blot analysis in DLD-1 and SW480 cells. (c) Cell growth
determined by the CCK-8 assay. (d) Clonogenic assay of DLD-1 and SW480 cells. (e–f) The migration and invasion assay in
DLD-1 and SW480 cells. (g) The real-time cell migration and invasion rates of DLD-1 and SW480 cells detected by RTCA DP
analyzer. CADM2-OE: CADM2-Over-expression.

primary focal than adjacent normal tissue and further
reduced in metastatic compared with primary focal.
However, the mechanisms behind each of these steps
remain unclear. Over the past decade, an increasing

number of scholars have recognized the critical and
complex role of the EMT process in promoting tumor
invasion and metastasis. This process is controlled by
different families of transcriptional regulators through
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Fig. 4 CADM2 inhibiting epithelial-mesenchymal transition (EMT) process. (a) The expression of proteins related to the EMT
process detected by Western blot analysis in DLD-1 and SW480 cells. (b) Graphical representations of the protein intensity
levels. (c) Heatmap of single gene co-expression. (d) Heatmap of correlation between CADM2 and proteins related to the
EMT process. (e) The scatterplot between CADM2 and proteins of the EMT process. CADM2-OE: CADM2-Over-expression.

distinct signaling pathways [34, 35]. In our study,
we found that CADM2 up-regulation may inhibit the
progression of CRC cells through the EMT process.

Tumor-infiltrating lymphocytes [36–38] in CRC
have been shown to inhibit tumor growth and are
associated with improved prognosis. Recent studies
have found that individuals with a high density of infil-
trating and effervescent memory T cells are less likely
to have CRCs spread to lymphatic vessels and per-
ineuronal structures as well as regional lymph nodes
[36]. Research has shown that cell adhesion molecules
and inflammatory cytokines can communicate with
infiltrating immune stromal cells and tumor-associated
stromal cells, promoting tumor growth, angiogenesis,
metastasis, and immune suppression [39]. Similarly,
we found a higher degree of immune cell infiltration
and a higher enrichment score in the CADM2 high-
expression subgroup.

Of course, there are still some shortcomings and
deficiencies in this study. Since the correlation be-

tween CADM2 expression levels and clinicopathologi-
cal features was not statistically significant, this part of
the results was not presented. Besides, the exploration
of the mechanism of metastasis is not deep enough.

Overall, we found that CADM2 was lowly ex-
pressed in primary cancer and further decreased in
metastatic lesions. It can significantly distinguish
normal tissue based on its mRNA expression level,
suggesting that it can be used as a biomarker for the
prognosis of CRC. Up-regulation of CADM2 inhibits
the growth, migration, and invasion of CRC cells and
attenuates metastasis by inhibiting the EMT process.
This may provide insights for further exploration of the
molecular mechanism of CRC metastasis.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2024.070. Data relevant to this study are available from the
corresponding authors upon reasonable request.
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a

b

Fig. 5 Correlation between the expression level of CADM2 and immune infiltration in the tumor microenvironment. (a) Forest
plot showing the correlation between the expression level of CADM2 and 24 immune cells. (b) Enrichment scores of 24
immune cells in different expression subgroups of CADM2. aDC: activated dendritic cells; iDC: immature dendritic cells;
pDC: Plasmacytoid dendritic cells; Th: T helper cells; Tcm: T central memory; Tem: T effector memory; TFH: T follicular
helper; and Tgd: T gamma delta.
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Appendix A. Supplementary data

Table S1 Primer sequence.

Primer Sequence (5′–3′)
CADM2-F (qPCR) GTGCATGATGTTCCCAACACT
CADM2-R (qPCR) TGTGGTTGGGCTGGTTGTTATG
CADM2-F (MSP) TTTTGCGGGTGTTTTGTC
CADM2-R (MSP) TAATATCCTCCTCCCGACG
GAPDH-F TTCATTGACCTCAACTACATGGTTTAC
GAPDH-R TGACAAGCTTCCCGTTCTCA

Fig. S1 Scatterplot of correlation between CADM2 expression level and methylation level of promoter region.
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