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Clinical significance of low expression s
of CADM3 in breast cancer and preliminary
exploration of related mechanisms

Huiyang Ren'’, Zhen Wang"", Lei Zhang"", Guolian Zhu*", Feng Li* and Bo Chen'”

Abstract

Background Cell adhesion molecule 3 (CADM3), a transmembrane glycoprotein on cell membranes, plays a role in
the way of ligand and receptor interaction. However, there are few studies on CADM3 in tumors, and how it works in
breast cancer (BC) remains unclear.

Methods The Cancer Genome Atlas (TCGA) database and clinical samples were used to analyze CADM3 expression
and its correlation with clinicopathological factors and prognosis. Its correlation with immune infiltration was
analyzed by TCGA. The effects of CADM3 on proliferation and migration were investigated by cell clonal formation,
CCK-8, cell scratch and transwell assay. Protein interaction network was prepared and the function prediction of
related genes was conducted. The correlation between CADM3 and MAPK pathway was further explored by western
blot experiment.

Results The expression of CADM3 in BC tissues were significantly lower than that in adjacent normal tissues. High
level of CADM3 was related to better prognosis of BC patients. CADM3 was an independent prognostic factor for BC.
Expression of CADM3 was significantly associated with the status of ER and PR, age and PAM50 subtypes. CADM3
positively related to many immune infiltrating cells. Overexpression of CADM3 can notably reduce cell proliferation
and migration. CADM3 was related to MAPK pathway and the phosphorylation of ERK1/2 and JNK1 was inhibited in
BC cells with high CADM3.

Conclusions Our research reveals the clinical significance of CADM3 in BC and indicates the critical roles of CADM3
in immune infiltration and MAPK pathway.
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Introduction

Breast cancer (BC) ranks first in female malignant tumors
and is also the main cause of female cancer mortality.
According to the global cancer statistics in 2020, BC has
overtaken lung cancer as the most common cancer in
women [1]. At present, the conventional treatment meth-
ods of BC include surgery, chemotherapy and radiother-
apy, which have greatly improved the treatment effect
and the prognosis of BC patients [2]. Although the sur-
vival rate of BC patients has been significantly improved,
how to inhibit the development of BC and reduce the
chance of local recurrence and metastasis is still one
of the key issues. Therefore, the exploration of specific
molecular markers for the treatment of BC has become a
research hotspot, which is conducive to the early diagno-
sis and prognosis of patients.

Cellular adhesion molecules (CAMs) are proteins
located on the membrane of biological cells, which par-
ticipate in intercellular recognition, cell activation and
signal transduction in the process of cell movement,
proliferation and apoptosis. They fall into four main cat-
egories: integrins, selectors, cadherin family and immu-
noglobulin family [3]. Among them, the immunoglobulin
family plays an crucial part in the mutual recognition
between cells [4, 5], and the recently discovered CADMs
family, belonging to one of them, acts as transmem-
brane glycoproteins in a variety of tissues in the form
of cell adhesion molecules. Recent studies have shown
that CADMs family members are associated with the
occurrence and development of tumors, and they are
low expressed in various tumors [6—10]. CADMs mol-
ecules are of critical importance in tumor development
and metastasis by regulating the proliferation, inducing
apoptosis of tumor cells and changing the growth char-
acteristics of tumor cells. In addition, CADMs has a cer-
tain correlation with immune infiltrating cells, and some
studies have shown that the silencing of CADMs mole-
cules may be related to the mechanism of tumor immune
evasion [11-13]. CADM3, also known as BIgR, FLJ10698,
IGSF4B, NECL1, Necl-1, SynCAM3, TSLL1, located on
chromosomes 1q21.2 to q22, encodes a protein consist-
ing of 398 amino acids. It is an immunoglobin-like cell
adhesion molecule specific for neural tissues [14]. At
present, there are few studies on CADM3 in tumors, and
there is no related report in BC.

Our research first analyzed the expression and prog-
nostic value of CADMS3 in using clinical breast can-
cer samples from patients and multiple bioinformatics
databases. We then examined the association between
CADM3 and clinical features. Next, we verified the
effect of CADM3 on proliferation and migration in BC.

Protein-protein interaction (PPI) networks were pro-
duced. This study demonstrated the associations of
CADMS3 with clinical features, immune infiltration, and
MAPK pathway in BC. In conclusion, the upregulation
of CADM3 was correlated with favorable prognosis,
immune infiltration and MAPK pathway in breast cancer
patients.

Methods and materials

Database and correlation analysis

We used The Cancer Genome Altas (TCGA) (https://
portal.gdc.cancer.gov/) to do pan-cancer expression
analysis. RNAseq data of invasive breast carcer (TCGA-
BRCA) were downloaded and collated from the TCGA
database and extracted in TPM format. Data is processed
and converted using Perl scripts. “ggplot2[3.3.6], “stats
[4.2.1]” and “car” package were used to analyze the paired
and unpaired differential expression of the data. The sta-
tistical method of pan-cancer analysis and the unpaired
differential expression was Wilcoxon rank sum test. The
statistical method of the unpaired differential expression
was Wilcoxon signed rank test. Using DESeq2 [1.36.0],
edgeR [3.38.2] package for CADMS3 single genetic differ-
ences, and set up the conditions of P<0.05 and| log FC| >
2 to further screening.

The R package “ggplot2[3.3.6]” “survminer’, and “sur-
vival [3.3.1]” were applied to analyze the patient survival
data in TCGA database. The log-rank test was used for all
the survival analysis.

Clinical sample data were downloaded from the
TCGA database to analysis the differential expression
of CADMS3. ER, PR, HER2 expression status, age, TNM
stage, and PAMS50 subtypes were selected as analysis fac-
tors. And the data were analyzed by R [4.2.1] and R pack-
age “ggplot2 [3.3.6]". Wilcoxon rank sum test was used for
statistical analysis of ER, PR,HER?2 status and age group.
Kruskal-Wallis Test and Dunn’s test were used for the
PAMS50 group.

R package “DESeq2 (version 1.26.0)” was used to
filter differentially expressed genes (DEGs) [15, 16]
(p-adj<0.05,|log2FoldChange|>2) between high expres-
sion group and low expression group of CADM3 divided
by the median value in TCGA database. The R package
“ggplot2 (version 3.3.6)” was used to plot the volcano fig-
ure and the heatmap. The statistical method of the heat-
map was Spearman.

The enrichment score was defined by the single sample
GSEA to represent the absolute enrichment degree of the
gene set in each sample within a given dataset of the R
package “GSVA” [17]. We also calculated the standard-
ized enrichment score for each immune category. And
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we obtained the gene set features of various immune cells
from the previous study [18].

We used STRING (https://string-db.org) [19] to deter-
mine the interactive protein of CADM3. We constructed
the PPI network using Cytoscape software and Cyto-
Hubba [20] and identified the first 15 central genes. In
addition, the function and mechanism of selected hub
genes were predicted by GeneMANIA (https://genema-
nia.org/), which is a flexible user-friendly web site for
generating hypotheses about gene function, analyzing
gene lists and prioritizing genes for functional assays
[21].

Patients and samples

We collected 40 pairs of fresh BC tissues and correspond-
ing adjacent normal tissues surgically removed in 2022,
which were transported and preserved in liquid nitrogen
tanks as soon as possible after surgical removal for detec-
tion of mRNA and protein levels. Paraffin sections of
BC tissues from 325 patients surgically removed in 2015
were collected and stored at 4°C in the dark for immuno-
histochemical experiments. This study was approved by
Ethics Committee of the First Hospital of China Medical
University (Number: AF-SOP-07-1.1-01).

RNA transfection

CADMS3 overexpression and the negative control lenti-
virus were bought from Shanghai Genechem Co., LTD
Cell planking was performed before transfection, and cell
density was determined according to cell growth rate and
shape, so that cell coverage reached about 30% on the day
of transfection. The number of virus particles was cal-
culated according to the MOI value, and the virus stock
solution was diluted. The dilute solution of the virus was
added to a complete medium free of antibiotics. The cul-
ture medium was changed after 24 h in the incubator,
and then the medium was changed according to the state
of the cells.The sequences of CADM3 and its control for
RNA transfection can be seen in supplementary Table 1.

Antibodies

The antibodies used in the experiment are as fol-
lows: CADM3 (Affinity, #DF3537); GAPDH (pro-
tein tech, #60004-1-Ig); CD3 (Abmart, #T55982);
CD8 (Abmart, #T40010); p38 (Abmart, #T40075);
Phospho-p38(Thr180/Tyr182)  (Abmart, #T40076);
ERK1/2 (Abmart, #T55487); Phospho-Erk1(T202/
Y204) +Erk2(T185/Y185) (Abmart, #T40072); JNK1/2/3
(Abmart, #T40073); p-JNK1/2/3(Thr183+Tyr185)
(Abmart, #T40074).

Western blot analysis
Cells were lysed for 15 min at 4°C using an ice cold RIPA
buffer. Through a series of operations like sonication and
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centrifugation, we obtained the total cell extract. Put the
cell extract into boiled water for 5 min to make it dena-
tured. Put the protein into SDS-PAGE (10% gels), 30
micrograms per well, and then transferred onto a PVDF
membrane. 1 h sealed in 5% milk powder solution, then
added diluted primary antibody and incubated overnight
at 4°C. The secondary antibody was incubated for 1 h at
25°C. ECL system was used for detecting the samples.

Real time PCR

RNA from tissues and cells was extracted by TRIzol
reagent and then cDNA synthesis was performed. Each
tubule was added with 10pL SYBR, 8.2pL ddH2O, 0.8uL
primer and 1pL template for quantitative real-time PCR.
Forty cycles were repeated at 50°C for 2min, 95°C for
10min, 95°C for 15s, and 60°C for 1min. Relative expres-
sion levels were calculated by 2-AACt and standardized
by GAPDH. The sequences of the primer pairs are shown
below: CADM3 forward, 5-CTCGGTGACATTCCAGG
TTACC-3] reverse, 5-GCCTAATCATCGCAGTTGGTG
TG-3"; GAPDH forward, 5-GGAGCGAGATCCCTCCA
AAAT-3] reverse, 5-GCTGTTGTCATACTTCTCATGG
G-3.

Immunohistochemistry

The tissue sections were deparaffinized and rehydrated,
then citrate buffer was used to perform antigen retrieval.
Next, the endogenous peroxidase activity was blocked
by 3% H,O,. Then, incubated the sections with the
CADMS3 antibody (Affinity, #DF3537, 1:100) overnight at
4 centigrade. After that, the secondary antibodies incu-
bation, DAB regents (Maxim, DAB-0031/1031) staining,
and hematoxylin counterstaining were performed. The
CADMS3 expression score was measured by multiplying
the intensity score of staining (negative, 0; weak, 1; mod-
erate, 2; strong, 3) and percentage score of immunoreac-
tive tumor cells (<1%, 0; 1-25%, 1; 26—50%, 2; 51-75%, 3;
>75%, 4).

The CD3 antibody (Abmart, #155982, 1:100) and CD8
antibody (Abmart, #T40010, 1:100) were used to conduct
immunohistochemical experiments related to immune
infiltration, and the staining method was the same as
above. The correlation between CD3, CD8 and CADM3
expression was detected by Wilcoxon rank sum test.

CCK-8 assay

2x10? cells were added to each hole of the 96-well plate
and incubated at 37°C for 24 h to make the cells stick to
the wall. Then, 10uL CCK-8 reagent was added to each
well for 2 h in the incubator. The absorbance of the cell
at wavelength 450 nm was detected and the value was
recorded.
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Colony formation assay

1x10° cells were evenly spread on the six well plates and
cultured at 37°C until the cell colony was formed. The
cells were fixed at about 30 min by 95% ethanol, followed
by staining over 30 min with Crystal Violet Staining Solu-
tion. Clonal formation was counted after staining.

Cell scratch assay

A marker or a steel needle was used to mark the outer
side of the six-hole plate with two parallel lines spaced
about 1.5 cm apart at the center of each well. Inoculated
with 4x10° cells at each well and cultured overnight.
Then, a straight scratch was made in the middle of each
hole in the six-hole plate perpendicular to the marked
line. Each well was washed three times with sterile PBS to

2>

The expression of CADM3
Log, (TPM+1)
o N S [}
1 1 1 1
N )
A ]
Iz
JE
Iz
Iz
JE

Page 4 of 15

wash the cells scraped off in the previous step. The inter-
section of the scratch and the marking line was photo-
graphed and recorded as 0 h. Cells were further cultured
under serum-free conditions. The above two steps were
repeated after 12, 24 and 36 h, respectively. We measured
each scratch edge line spacing with Image] after setting
the scales and denoted as the scratch width. For each pic-
ture, the width was measured at three points and their
average value was taken. The experimental group and
control group were repeated three times by the above
method, and the recorded data were quantitatively ana-
lyzed by multiple t-tests method. Cell mobility (%)=(0 h
scratch width - scratch width after culture)/0 h scratch
width 100%.
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Fig. 1 CADM3 was downregulated in human BC. (A) Pan-cancer analysis of CADM3 in TCGA database using Wilcoxon rank sum test. (B) Relative mRNA
expression of CADM3 in the paired BC and normal tissues in TCGA database using Wilcoxon signed rank test. (C) Relative mRNA expression of CADM3 in
the unpaired BC and normal tissues in TCGA database using Wilcoxon rank sum test. (D) mRNA expression level of CADM3 in 40 human BC tissues and
their adjacent pairs of normal tissues. The statistical method selected was paired t test. (E) Protein expression of CADM3 in 8 cases of human BC and its

adjacent pairs of normal tissues
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Transwell assay

Transwell cells with a diameter of 8 um were placed
into a 24-well plate. 1x10° cells were added into 150uL
serum-free medium, and uniformly inoculated on the
upper layer of the cells. Then 500uL complete medium
was injected into the lower part of the chamber and cul-
tured in the incubator for 6-12 h. The chambers were
removed, the non-penetrating cells in the upper layer
were erased. The cells were fixed by 4% paraformalde-
hyde for 30 min and stained by Crystal Violet for 30 min.
The experimental group and control group were repeated
three times by the above method. Using Image] to count
cells, and the recorded data were quantitatively analyzed
by t-test method.

Data presentation and statistical analysis

SPSS (version 26.0) and R (version 4.2.1) were used for sta-
tistical analysis. 95% CI and HR were calculated using Cox
univariate and multivariate models. We analyzed the cor-
relation between clinical features and CADM3 expression
using logistic regression. Set P<0.05,| logFC| > 2 as the
threshold to screen differential genes of CADM3. The cor-
relation between CADM3 and immune infiltrated cells was
examined by Pearson.

Results

CADMS is low expressed in BC

Figure 1A showed pan-cancer analysis of CADM3
expression in 18 diverse human cancers. We found that
CADMS3 was significantly differentially expressed in 13
cancers, of which 11 were downregulated in cancer tis-
sues, including BC. We further verified that CADM3
level was lower in BC tissues compared with normal
breast tissues in TGCA database (Fig. 1B and C). Then,
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using fresh clinical tissue samples, we verified that the
expression level of CADM3 in BC was lower than that
of normal tissues from both protein and mRNA levels
(Fig. 1D and E).

High level of CADM3 infers a favorable prognosis in BC

We first draw the KM survival curve through the TCGA
database. We divided the patients into two groups by the
median expression of CADM3. Overall survival (OS)
analysis, disease free survival (DFS) analysis and progres-
sion free interval (PFI) analysis all indicated that, high
level of CADM3 infered a favorable prognosis in BC with
statistically significant differences (Fig. 2A-C).

We then performed immunohistochemical staining of
paraffin sections from 325 BC patients operated on in
2015 (Fig. 2D). Patients were classified into high expres-
sion and low expression groups by staining intensity
and distribution scores. According to the patient Kaplan
Meier survival analysis based on CADM3 expression,
BC patients with low CADMS3 level had shorter OS, DFS
and metastasis-free survival (MFS) (Fig. 2E-G), which
was consistent with the results of the TCGA database
prediction.

On this basis, cox regression analysis was used to con-
duct in-depth exploration of clinical BC sample follow-
up data to determine the correlation between CADM3
and other clinical multivariate features and survival of
BC patients. According to the univariate analysis, a num-
ber of factors including CADM3 expression, molecular
typing (PAM50), tumor status (T), and lymph node status
(N) were notably related to OS, DFS, and MFS (Fig. 3A-
C). Multivariate analysis indicated that CADM3 level was
an independent prognostic factor of BC. Table 1 presents
patient baseline data. In particular, these 325 patients

D

Fig. 2 CADM3 upregulation was related to longer survival in patients with BC. The KM survival curve of BC patients were divided by CADM3 expression
in TCGA database (A-C): (A) OS, (B) DFS, (C) PFI. (D) CADM3 staining in paraffin sections of 325 human breast cancer tissues. The KM survival curve of
breast cancer patients were plotted according to IHC staining results and patient follow-up information (E-G): (E) OS, (F) DFS, (G) MFS. The log-rank test

was used for the above survival analysis
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Fig. 3 The forest map of the cox regression analysis of the relationship between CADM3 expression and OS, DFS, MFS of BC patients (A-C): (A) OS, (B)

DFS, (C) MFS
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Table 1 Baseline of 325 patients with breast cancer

Total CADM3 LOW CADM3 High p-value
All patients 325 163 162
Age <0.001
<60 265(81.5) 120(73.6) 145(89.5)
>60 60(18.5)  43(264) 17(10.5)
PAM50 <0.001
LumA 96(29.5) 28(17.2) 68(42.0)'
LumB 121(37.2)  62(38.0) 59(36.4)
Her2 44(13.5) 23(14.1) 21(13.0)
Basal 64(19.7)  50(30.7) 14(86)"
Surgical 0402
Method
Mastectomy 312(96.0) 155(95.1) 157(96.9)
BCS 13(4.0) 8(4.9) 5(3.1)
T stage 0.046
Tis 9(2.8) 3(1.8) 6(3.7)
T1 78(24.0) 31(19.0) 47(29.0)"
T2 208(64.0) 116(71.2) 92(56.8)"
T3 24(7.4) 12(7.4) 12(7.4)
T4 6(1.8) 1(0.6) 5(3.1)
N stage 0.951
NO 215(66.2) 107(65.6) 108(66.7)
N1 75(23.1) 37(22.7) 38(23.5)
N2 21(6.5) 11(6.7) 10(6.2)
N3 14(4.3) 8(4.9) 6(3.7)
M stage 0.179
Mo 320(98.5) 159(97.5) 161(99.4)
M1 5(1.5) 4(2.5) 1(0.6)

* indicates a statistical difference compared with the group with low CADM3
expression.

were collected from our clinical collection and did not
use a public database.

CADMS3 expression correlates with clinical characteristics

in BC

We evaluated the correlation between CADM3 expres-
sion level and various clinical characteristics and patho-
logical parameters using TCGA database. As a result,
the increased CADM3 level in BC was considerably
related to ER (P<0.05; Fig. 4A), PR (P<0.01; Fig. 4B),
HER2 (P<0.001; Fig. 4C) expression status, age (P<0.01;
Fig. 4D) and PAM50 (P<0.001; Fig. 4E). These results
indicated that BC patients with high CADM3 are more
likely to be ER and PR positive, HER2 negative, age <60
years, and luminal A subtype than those with low
CADMS3 (Table 2).

Next, combining immunohistochemical staining
results and clinical patient data, we further evaluated the
connection between CADM3 and various clinical fea-
tures and pathological parameters in 325 BC patients.
The results indicated that the increase in CADM3 was
connected to ER (P<0.001; Fig. 4F), PR status (P<0.001;
Fig. 4G), age (P<0.001; Fig. 4H) and PAM50 (P<0.001;
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Fig. 4I). These results agreed well with the analysis in
TCGA database, indicating that BC patients with high
CADMS tend to have ER, PR positive, age<60 years, and
luminal A subtype (Table 3).

High expression of CADM3 suppressed proliferation and
migration of BC cells

To determine whether high level of CADM3 contribute
to the inhibition of BC cell proliferation, we constructed
stable overexpression cell lines of CADM3 using MCE-7
and MDA-MB-231 cell lines. We verified the construc-
tion results from the protein level and mRNA level
respectively, and we found that the relative expression
level of CADM3 in the overexpression group was much
higher than the control group (Fig. 5A and B).

For the purpose of exploring the effect of CADM3 on
proliferation of BC, we conducted clonal formation assay
and CCK-8 assay in CADM3 overexpression group and
the control group, using MCF-7 and MDA-MB-231 cell
lines. Cloning experiments confirmed that the number
of colonies formed by CADM3 overexpressed cells was
notably lower than that of the control cells (Fig. 5C). Sim-
ilarly, in the CCK-8 experiment, the proliferation rate of
CADMS3 overexpressed cells was clearly slower than the
control group (Fig. 5D).

To investigate the effect of CADM3 on migration of
BC, we conducted cell scratch assay and transwell assay
on MDA-MB-231 cell line. It was proven that the scratch
healing rate of CADM3 overexpressed group was lower
than the control group (Fig. 5E). According to the tran-
swell experiment, fewer cells passed through the cham-
ber in the CADMS3 overexpressed group than the control
group (Fig. 5F).

CADMS3 and immune infiltration

Through comprehensive analysis of the TCGA database,
we verified that CADM3 expression in BC was closely
related to immune infiltrating cells. The results showed
that the expression of CADM3 was positively associated
with infiltration levels of iDC cells, dendritic cells (DC), T
cells, CD8 T cells, B cells, pDC cells, mast cells, T follicle
helper cells (TFH), cytotoxic T cells, NK cells, T effector
memory cells (Tem), and eosinophils (Fig. 6A).

Function prediction of CADM3-related genes

We performed CADM3 single gene differential expres-
sion analysis on invasive BC data in the TCGA database,
and visualized the results using volcano maps (Fig. 7A).
According to the condition of P<0.05 and| log FC| >
2, we selected 711 of the genes, and we got the 15 hub
genes using MCC algorithm in cytoscape. Among them,
14 genes showed positive correlation with CADM3 and
one showed negative correlation with CADM3. Protein
interaction networks of 15 hub genes (Fig. 7B) and their
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Table 2 Association between CADM3 expression and
clinicopathological features from the TCGA database

Table 3 Association between CADM3 expression and
clinicopathological features in 325 clinical samples

Comparison Statistical significance Comparison Statistical significance
ER status ER status

Negative -vs- Positive 0.0351 Negative -vs- Positive 391e-07

PR status PR status

Negative -vs- Positive 0.0011 Negative -vs- Positive 1.35e-05
HER2 status Age

Negative -vs- Positive 0.0003 <60 -vs->60 0.0002

Age PAM50

<60 -vs->60 0.0093 LumA -vs- LumB 0.0062
PAMS50 LumA -vs- Her2 0.0929
LumA -vs- LumB 8.24e-24 LumA -vs- Basal 5.39%-14
LumA -vs- Her2 8.57e-08 LumB -vs- Her2 1.0000
LumA -vs- Basal 8.6e-07 LumB -vs- Basal 1.24e-06
LumB -vs- Her2 1.0000 Her2 -vs- Basal 0.0002

LumB -vs- Basal 0.0004

Her2 -vs- Basal 04596 Correlation between CADM3 and MAPK pathway

co-expression heat maps (Fig. 7C) were made. In addi-
tion, we found the functions of those genes were mainly
related to the regulation of ERK1 and ERK2 cascade, B
cell receptor signaling pathway, immune receptor activ-
ity, B cell activation, regulation of stress-activated MAPK
cascade, mononuclear cell proliferation and lymphocyte
proliferation (Fig. 7D).

The result of gene function prediction showed that the
effect of CADM3 on the biological behavior of BC cells
may be associated with MAPK pathway. We verified the
expression of the key proteins of MAPK pathway: P38,
ERK, JNK, and the expression levels of their phosphory-
lated proteins. The results showed that ERK1/ERK2 pro-
tein phosphorylation and JNK1 protein phosphorylation
were inhibited in MCF-7 and MDA-MB-231 cell lines
with high level of CADM3. There was no considerable
difference in phosphorylation of P38 protein (Fig. 8).
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Fig. 5 The overexpression efficiency of CADM3 in MCF-7 and MDA-MB-231 cell lines verified by (A) WB and (B) gPCR. (C) Results of clonal formation
assay. The cell colonies of the three groups were counted, and the data were presented as the mean values of three independent experiments (*p < 0.05,
**p<0.01, n=3). (D) Results of CCK-8 experiment. CCK-8 was added to MCF-7 cells at 0, 24, 48, 72, and 96 h of cell adherence, while MDA-MB-231
cells were added to CCK-8 at 0, 12, 24, 36, and 48 h of cell adherence. Data showed the mean of three independent experiments (*p <0.05, **p<0.01,
**¥%¥p <0.0001, n=3). (E) Results of cell scratch assay. Results of cell scratch assay. The scratch widths of the experimental group and the control group at 0,
12,24 and 36 h were observed respectively, and the data were presented as the mean values of three independent experiments (**p <0.01, ***p <0.001,
n=3). (F) Results of transwell assay. Quantization map data showed the mean values of three independent experiments (*p <0.05, n=3)

Discussion

In our research, the TCGA database was used to explore
the CADM3 expression level in BC tissues and adjacent
normal tissues, and the correlation between CADM3
expression level and ER, PR, HER2 status, age and
PAM50, as well as the association between CADM3
and patient prognosis. Immunohistochemical stain-
ing, WB and qPCR results indicated that CADM3 was
low expressed in BC, and highly expressed in ER +, PR
+, age<60 and luminal A type BC patients. Analysis of
the TCGA database and clinical sample data showed that
highly expression of CADMJ3 is related to longer OS, DFS
and MFS, and CADM3 can be used as an independent
prognostic factor in BC.

BC is highly heterogeneous, with great individual dif-
ferences among different patients [22]. At the same
time, the occurrence and development of BC are also
very complex, including various biological processes,
such as tumor proliferation, invasion and angiogenesis,
as well as significant possibility of metastasis and recur-
rence [23-26]. 90% of BC recurrence is local recurrence,
which is caused by residual cancer cells [27]. Studies have
shown that residual cancer cells will persist, resulting in
recurrence of the tumor and failure in treatment [28].
Therefore, it is very important to explore the key regula-
tory factors of BC cell proliferation, invasion and migra-
tion to prevent cancer recurrence. Cell adhesion factors
(CADMs) play an crucial part in occurrence, invasion
and migration of tumors [11, 29]. Thereinto, CADM1 has
been comprehensively studied, and its inhibitory effect
on tumor proliferation and invasion has been reported in
ovarian cancer [6], bladder cancer [10] and other tumors.
Our research found that CADM3 suppressed the prolif-
eration of BC cells through colony formation experiment
and CCK-8 experiment. Transwell assay and cell scratch
assay found that CADM3 inhibited the migration of BC
cells. These results indicated that CADM3 is of great
importance in delaying the progression of BC by sup-
pressing proliferation and migration of BC cells, and then
inhibiting the growth and metastasis of BC.

Mitogen-activated protein kinases (MAPK) are a class
of serine/threonine protein kinases broadly exist in cyto-
plasm, and enter the nucleus after activation to activate
target genes [30]. MAPK pathway mainly includes p38,
ERK and JNK pathways. p38 pathway participates in
proliferation, differentiation and apoptosis. After phos-
phorylation, p38 enters the nucleus and affects biological

processes such as protein synthesis and gene transcrip-
tion by regulating the transcription factors [31]. JNK may
not only regulate various transcription factors, including
c-Jun, c-Fos, ATF-2, AP-1, p53 and Elk, but phosphory-
late a variety of cytoplasmic substrates, such as cytoskel-
etal proteins and mitochondrial proteins after activation,
and eventually leading to cell apoptosis [32, 33]. JNK and
p38 are more related to response to environmental and
endogenous stress signals, but their differences are not
yet clear and there are several overlapping between func-
tions [34, 35]. The ERK pathway is also one of the MAPK
signaling pathways. The extracellular signals that control
key cellular processes were transmitted to cytoplasmic
and nuclear effectors by the ERK cascade. It is a signal
transduction module for vital cellular processes, such
as proliferation, migration and apoptosis. Dysregulation
of the cascade is often associated with the development
of cancer [34, 36]. Compared with normal tissues, ERK
may be activated or overexpressed in BC [37, 38], but
the conclusion about the relevance of phosphorylation
of ERK1/2 to the prognosis of BC is still controversial.
Researches have emphasized the correlation between the
expression of nuclear phosphorylation of ERK1/2 and
good prognosis characteristics [39, 40]. Other studies
have found that nuclear phosphorylation of ERK1/2 has
association with poor prognosis of BC [41, 42]. The cor-
relation between phosphorylation and prognosis of BC
needs to be further explored.

At present, there are few studies on CADMs and MAPK
pathway. Cai et al. [43] found in 2018 that CADMI is
involved in the regulation of tumor formation by par-
ticipating in MAPK signaling pathway. In this study, we
predicted that the effects of CADM3 on the biological
behavior of BC cells might have association with MAPK
pathway through gene function prediction. WB assay
results showed that ERK1/2 and JNK1 protein phosphor-
ylation were inhibited in MCF-7 and MD-MB-231 cell
lines with high level of CADM3. These results suggested
that CADM3 may affect proliferation, migration and other
cell biological behaviors of BC by inhibiting MAPK path-
way protein phosphorylation, and its specific mechanism
remains to be further studied.

It is well known that tumor immune infiltration can
affect patients’ sensitivity to chemotherapy, radiotherapy
and immunotherapy, as well as the survival of cancer
patients [44—46]. The beneficial role of T cells including
CD8 T cells [47, 48] and some subtypes of CD4 T cells
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such as TFH * [49] in BC has been revealed. DCs acts as
a tumor antigen transporter to initiate T cell activation,
which is required for T-cell-dependent immunity and
ICI therapeutic responses [50, 51]. NK cells can exert
cytotoxic effects in BC, thereby increasing the levels of
death receptors [52, 53]. In addition, the antitumor role
of B cells [54, 55], eosinophils [56] in BC has also been
demonstrated by strong evidence. Previous studies have
shown that there is a correlation between the CADMs
family and immune infiltrating cells, and its silencing
may be associated with tumor immune evasion mecha-
nisms [11-13]. In this study, through TCGA database
analysis, we found that CADM3 was closely related to the
above immune infiltrating cells, suggesting that the high
expression of CADM3 may improve the prognosis of BC
by promoting anti-tumor immunity.

ERK pathway plays an important role in immuno-
therapy. The activation of ERK pathway can drive the
apparent activation of super enhancer PD-L1L2-SE, the
homeoregulatory element of PD-L1, and then up-regu-
late the expression of PD-L1 in tumor cells [57, 58]. The
up-regulation of PD-L1 expression in tumor cells will fur-
ther lead to the inactivation of T cells and cause immu-
nosuppression. Blocking ERK pathway can significantly
enhance the efficacy of immunotherapy [59]. Our study
showed that upregulation of CADM3 could inhibit ERK
protein phosphorylation in the MAPK pathway, thereby
inhibiting ERK pathway activation. At the same time, we

found that the up-regulation of CADM3 was positively
correlated with the expression of T cell markers CD3
and CD8. Therefore, we speculate that CADM3 inhib-
its PD-L1 expression in breast cancer cells by regulating
ERK protein in the MAPK pathway, thereby reducing
its binding to T cells, so that T cells are released and the
weakened immune function of tumor cells is restored.

However, there are still some limitations in this study:
we did not construct a stable cell line with low CADM3
knockdown, resulting in insufficient research. We have
not verified the expression of CADM3 and its regulatory
effect on MAPK pathway in clinical specimens, and have
not yet explored the specific mechanism of its role. Lack
of experimental verification of immune correlation. In
the follow-up work, we may further improve.

In conclusion, CADM3 plays an inhibitory part in the
progression of BC, which has not been studied yet. With
the further exploration of its function and mechanism,
CADM3 may become a new therapeutic target for BC.
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