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Abstract
The subtypes of serous ovarian tumors (SOTs), including benign serous cystadenoma, serous borderline tumor (SBT), low-grade
serous ovarian carcinoma (LGSC), and high-grade serous ovarian carcinoma (HGSC), remain poorly understood. Herein, we aimed
to characterize the cell adhesion molecule 1 (CADM1)/signal transducer and activator of transcription 3 (STAT3)/human epidermal
growth factor receptor 2 (HER2) axis and identify its clinical significance in patients with serous cystadenoma, SBT, LGSC, and
HGSC.
The immunohistochemical expression of CADM1, HER2, and STAT3 was assessed in 180 SOT specimens, and its association

with clinical data was determined.
High levels of CADM1 expression were detected in 100% of serous cystadenomas and 83.33% of SBTs, while a loss of CADM1

expression was observed in 44% of LGSCs and 72.5% of HGSCs. Relative to the levels in benign cystadenomas and SBTs, higher
levels of HER2 and STAT3 expression were observed in LGSCs and aggressive HGSCs. Furthermore, the expression profile of the
CADM1/HER2/STAT3 axis was significantly associated with histologic type, International Federation of Gynecology and Obstetrics
stage, and lymph node metastasis in patients with SOT.
Our study identified the changes in the CADM1/HER2/STAT3 axis that were closely associated with the clinical behavior of SOTs.

Thesemolecular data may provide new insights into SOT carcinogenesis and aid in the diagnosis and treatment of patients with SOT.

Abbreviations: CADM1 = cell adhesion molecule 1, FIGO = International Federation of Gynecology and Obstetrics, HER2 =
human epidermal growth factor receptor 2, HGSC = high-grade serous ovarian carcinoma, LGSC = low-grade serous ovarian
carcinoma, SBT = serous borderline tumor, SOT = serous ovarian tumor, SqCC = squamous cell carcinomas, STAT3 = signal
transducer and activator of transcription 3.
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1. Introduction

Serous ovarian tumors (SOTs) are the most common histological
tumor type of the extrauterine female genital tract. SOTs are
subdivided into benign serous cystadenomas, serous borderline
tumors (SBTs), low-grade serous ovarian carcinomas (LGSCs),
and high-grade serous ovarian carcinomas (HGSCs) according to
their malignant potential and clinical behavior.[1,2] Although the
steady pace of scientific discovery has fueled recent improvements
in the outcomes for patients with many other cancers, the overall
survival of patients with malignant ovarian tumors has not
fundamentally changed over the last 50years.[3,4] Several emerging
lines of evidence indicate that some traditional tenets of ovarian
carcinogenesis and its cellular origin are fundamentally flawed.[5]

Therefore, a better understanding of the molecular events
associated with SOTs and their biological influence on clinical
behavior is urgently needed to provide new insight into SOT
carcinogenesis and clinical developments to improve the diagnosis
and treatment of patients with SOTs.
Several critical molecular abnormalities, including mutations in

the tumor suppressor genes tumor protein p53, breast cancer
susceptibility gene 1/2, and phosphatase and tensin homolog, have
been reported in HGSCs, leading to a paradigm shift in our
conceptualization of the carcinogenesis and histogenesis of serous
carcinomas.[6–8] However, the molecular events related to benign,
borderline, and malignant SOTs remain ill-defined. Emerging
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evidence indicates that the cell adhesion molecule 1 (CADM1)/
human epidermal growth factor receptor 2 (HER2)/signal
transducer and activator of transcription 3 (STAT3) axis plays
key roles in the tumor progression and metastasis of various
epithelial cancers.[9,10] CADM1, also known as Necl2, TSLC1,
IGSF4, RA175, and SynCam, is an immunoglobulin superfamily
adhesion molecule that has been identified as a tumor suppressor.
In squamous cell carcinomas (SqCC) of the lungs, head and neck,
esophagus, and cervix, the extracellular domain of CADM1 forms
a complex with HER2 at the cell surface to regulate downstream
STAT3 activity, reducing tumor growth and metastases.[9] In
breast and lung adenocarcinoma, studies have reported that
abnormalities in theCADM1/HER2/STAT3axismanifest asmore
aggressive biological behavior.[11] Despite these findings, informa-
tion about the molecular events involving the CADM1/STAT3/
HER2 axis among SOT subgroups is still lacking.
The goal of this study was to identify the spectrum of CADM1/

STAT3/HER2 axis characteristics in benign, borderline, and
malignant SOTs and analyze their relationship with patient
clinicopathological characteristics. The expression profiles of
CADM1, HER2, and STAT3 were established by immunohisto-
chemical analysis of specimens from 180 patients, including those
with benign serous cystadenomas (n=20), borderline SBTs (n=
30), malignant LGSCs (n=50), and HGSCs (n=80).
Table 1

Baseline characteristics.

Patients n=180

Age at biopsy - yr (range) 53 (23–67)
2. Materials and methods

2.1. Patient samples

A total of 180 SOT specimens were collected from the
Department of Surgery of Hunan Provincial Cancer Hospital
from 2014 to 2017. The tumor samples used for this study were
randomly obtained from primary tumors during primary surgery
before patients had received any chemotherapy or radiotherapy.
The clinical information of the patients was obtained from
patient records. The histopathological diagnosis, including tumor
grade and stage, was determined by independent staff pathol-
ogists as part of the clinical diagnosis. This study was approved
by the ethics review committee of Hunan Provincial Cancer
Hospital and the Second Affiliated Hospital of University of
South China and was carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical Associa-
tion. Written informed consent was collected from all partic-
ipants before the study.
Serous cystadenoma 20 (11.11)
SBT 30 (16.67)
LGSC 50 (27.78)
HGSC 80 (44.44)
Histological grade
Benign 20 (11.11)
Borderline 30 (16.67)
Low 50 (27.78)
High 80 (44.44)

FIGO Stage
∗

I/II 47 (26.11)
III/IV 83 (46.11)

Lymph node matastasis
∗

No 52 (28.89)
Yes 78 (43.33)

Data are presented as n (%) or median (range).
∗
Values include those from the low-grade serous ovarian carcinoma, and high-grade serous ovarian

carcinoma patients (N=130).
FIGO, International Federation of Gynecology and Obstetrics, HGSC = high-grade serous ovarian
carcinoma, LGSC = low-grade serous ovarian carcinoma, SBT = serous borderline tumor.
2.2. Immunohistochemistry

All SOT surgical specimens were fixed in 10% neutral buffered
formalin and embedded in paraffin wax. Specimens were sliced
into 4-mm-thick sections, stained with hematoxylin and eosin,
and then reviewed by a senior pathologist. For immunohisto-
chemical staining, the tissue sections were deparaffinized in xylol
and rehydrated in graded alcohol. Antigen retrieval was
performed at 95°C for 10 minutes in 10mM citrate buffer (pH
6). Rabbit anti-human CADM1 antibody (clone ab3910; Abcam,
Cambridge, MA), mouse anti-human HER2 antibody (clone
3B5; Abcam), and mouse anti-human STAT3 antibody (clone
3F4; Abcam) were diluted 1:1500, 1:1000, and 1:2000,
respectively, and incubated with the tissue sections mounted
on slides for 60 minutes at room temperature. Sections were
subsequently washed, developed using the UltraSensitiveTM S-P
Kit (KIT-9710, Fuzhou Maixin, Fujian, China), stained with
2

DAB (Fuzhou Maixin), and counterstained with hematoxylin to
highlight cell nuclei. Negative control slides were processed in the
absence of primary antibody, secondary antibody, and chromo-
genic substrate, or with isotype control IgG to ensure specificity.
2.3. Immunohistochemical analysis

Immunohistochemical staining results were examined, and stained
sections were photographed using an integrated microscope
(Olympus BX43; Olympus, Tokyo, Japan). Proportional expres-
sion (0%–100%) and staining intensity (0–3+) in 5 random 40�
fields were examined by 3 observers in a blind fashion. The results
were dichotomized into expression versus non-expression; a
staining intensity of >1+ was considered indicative of protein
expression. CADM1 positive expression was defined as the
presenceof cytoplasmorcellmembrane staining in≥30%of tumor
cells. HER2 positive expression was defined as the presence of
uniform intense cell membrane staining in ≥10% of tumor cells,
and STAT3 positive expression was defined as the presence of
cytoplasmic or nuclear staining in ≥25% of tumor cells.
2.4. Statistical analysis

All statistical analyses were performed using Prism Version 8.0
software (GraphPad Software, La Jolla, CA). Data are presented
as numbers and/or percentages of each variable. Comparisons of
categorical variables between groups were performed using the
Chi-squared test. Pearson correlation analysis was used to
estimate the relationships among immunohistochemical protein
expression results. The threshold for statistical significance was
set at P< .05.
3. Results

3.1. Baseline characteristics of the patients

In the current study, 180 SOT cases were analyzed, including 20
(11.11%) serous cystadenoma, 30 (16.67%) SBT, 50 (27.78%)



Figure 1. Characterization of CMDA1 expression in serous cystadenoma, serous borderline tumor, low-grade serous ovarian carcinoma, and high-grade serous
ovarian carcinoma patients. (A) Representative histological images of Hematoxylin-Eosin staining and CMDA1 staining. Scale bars: 50mM. (B) cell adhesion
molecule 1 expression ratio in the serous ovarian tumor patients. Comparisons were performed using the Chi-squared test. P< .05 was considered statistically
significant. HGSC = high-grade serous ovarian carcinoma, LGSC = low-grade serous ovarian carcinoma, SBT = serous borderline tumor.
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LGSC, and 80 (44.44%) HGSC ovarian neoplasm cases. The
patient ages ranged from 23 to 67years, with a median age of 53
years. Patients’ characteristics are listed in Table 1.
3.2. CADM1 expression

We evaluated the expression patterns of CADM1 by analyzing its
level in benign serous cystadenomas, borderline SBTs, malignant
LGSCs, and HGSCs. Representative images of CAMD1 expres-
sion in SOTs are shown in Figure 1A. Abundant CADM1
expression was detected in 100% (20/20) of serous cystadenomas
and 83.33% (25/30) of SBTs. In contrast, a loss of CADM1
expression was observed in 44% (22/50) of LGSCs and 72.5%
(58/80) of HGSCs (Fig. 1B). A positive CADM1 expression ratio
was twice as prevalent in benign and borderline cases as in
malignant primary cases (P< .0001, Table 2), indicating that the
loss of CADM1 expression was associated with pathological
SOT stage.

3.3. HER2 expression

Next, we analyzed HER2 expression in the SOTs, and
representative images are shown in Figure 2A. Immunohisto-
chemically detectable HER2 protein expression (scored from >1
+ to 3+) was noted in 12% of LGSCs (6/50) and in 28.75% of
HGSCs (23/80), but only in 6.67% of SBTs (2/30) (Fig. 2B). A
Table 2

Expression profiles of cell adhesion molecule 1, signal transducer an
receptor in serous cystadenoma, serous borderline tumor, low-gr
carcinoma patients.

CADM1 n (%)

Clinical classification n (total) Negative Positive P-value

Serous cystadenoma 20 0 (0) 20 (100) < .0001
SBT 30 5 (16.67) 25 (83.33) 2
LGSC 50 22 (44) 28 (56)
HGSC 80 58 (72.5) 22 (27.5) 5

Data are presented as n (%). Comparisons were performed using the Chi-squared test. P< .05 was c
CADM1 = cell adhesion molecule 1, HER2 = human epidermal growth factor receptor 2, HGSC = high-gra
tumor, STAT3 = signal transducer and activator of transcription 3.
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complete lack of HER2 staining was observed in benign serous
cystadenoma biopsies (0/20) (Table 2), suggesting that an
increased expression of HER2might impart malignant character-
istics to SOTs.

3.4. STAT3 expression

Next, we examined whether STAT3 expression patterns were
altered in patients with SOTs. We found that 90% of serous
cystadenomas (18/20) and 73.33% of SBTs (22/30) lacked
STAT3 expression (Figs. 3A and B). High levels of STAT3
staining were present in 52% of LGSCs (26/50) and 80% of
progressive HGSCs (64/80) (Table 2). Chi-squared analysis
confirmed the increasing trend of changes in STAT3 levels with
tumor progression (P< .0001), indicating that STAT3may play a
role in the progression of SOTs.

3.5. Relationships among the expression profiles of
CADM1, HER2, and STAT3

Previous studies have reported that the HER2-CADM1 complex
at the cell surface mediates STAT3 activity in various cancers.[9]

In our cohort of 180 patients with serous cystadenoma, SBT,
LGSC, and HGSC, CADM1 expression was detected in 100%,
83.33%, 56%, and 27.5% of cases, respectively; HER2 was
detected in 0%, 6.67%, 12%, and 28.75% of cases, respectively;
d activator of transcription 3, and human epidermal growth factor
ade serous ovarian carcinoma, and high-grade serous ovarian

HER2 n (%) STAT3 n (%)

Negative Positive P value Negative Positive P value

20 (100) 0 (0) .002 18 (90) 2 (10) < .0001
8 (93.33) 2 (6.67) 22 (73.33) 8 (26.67)
44 (88) 6 (12) 24 (48) 26 (52)
7 (71.25) 23 (28.75) 16 (20) 64 (80)

onsidered statistically significant.
de serous ovarian carcinoma, LGSC = low-grade serous ovarian carcinoma, SBT = serous borderline

http://www.md-journal.com


Figure 2. Characterization of human epidermal growth factor receptor 2 (HER2) expression in serous cystadenoma, serous borderline tumor , low-grade serous
ovarian carcinoma, and high-grade serous ovarian carcinoma patients. (A) Representative histological images of Hematoxylin-Eosin staining and HER2 staining.
Scale bars: 50mM. (B) HER2 expression ratio in the serous ovarian tumor patients. Comparisons were performed using the Chi-squared test. P< .05 was
considered statistically significant. HGSC = high-grade serous ovarian carcinoma, LGSC = low-grade serous ovarian carcinoma, SBT = serous borderline tumor.
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and STAT3 was detected in 10%, 26.67%, 52%, and 80% of
cases, respectively (Tables 2 and 3). We found that the CADM1
expression ratio had a significant negative relationship with that
of HER2 (Pearson r=–0.9762; P= .02), and STAT3 (Pearson
r=–0.999; P< .0001). In contrast, a significant positive relation-
ship was observed between the expression ratios of HER2 and
STAT3 (Pearson r=0.9784; P= .02).
3.6. Association between the CADM1/HER2/STAT3 axis
and clinicopathological factors

In SOTs, the expression level of the CADM1/HER2/STAT3 axis
was associated with the histological type, International Federa-
tion of Gynecology and Obstetrics (FIGO) stage, and lymph node
metastasis (Table 3). No significant association was identified
between the expression profile of the axis and patient age at
diagnosis. The positive expression ratios of CADM1 protein in
patients with FIGO stage I/II tumors were significantly higher
Figure 3. Characterization of signal transducer and activator of transcription 3 (S
serous ovarian carcinoma, and high-grade serous ovarian carcinoma patients. (A
staining. Scale bars: 50mM. (B) STAT3 expression ratio in the serous ovarian tumor
considered statistically significant. HGSC = high-grade serous ovarian carcinoma,
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than those in patients with FIGO stage III/IV tumors, and low
CADM1 expression levels were associated with lymph node
metastases (Table 3). In contrast, the positive expression ratios of
HER2 and STAT3 were significantly higher in patients with
aggressive SOTs and lymph node metastases.
4. Discussion

In this study, we presented the spectrum of molecular changes in
the CADM1/STAT3/HER2 axis in SOTs and their clinical
significance by analyzing a large number of patients with various
subtypes of SOTs. To summarize the main findings, the benign
serous cystadenoma and borderline SBT cases exhibited high
levels of CADM1 expression but absent or low levels of HER2
and STAT3 expression. Malignant LGSC or HGSC showed the
reverse expression patterns, with low levels of CADM1
expression but high levels of HER2 and STAT3 expression.
Moreover, the expression profiles of the CADM1/HER2/STAT3
TAT3) expression in serous cystadenoma, serous borderline tumor, low-grade
) Representative histological images of Hematoxylin-Eosin staining and STAT3
patients. Comparisons were performed using the Chi-squared test. P< .05 was
LGSC = low-grade serous ovarian carcinoma, SBT = serous borderline tumor.



Table 3

Association between the cell adhesion molecule 1/human epidermal growth factor receptor 2/signal transducer and activator of
transcription 3 axis and clinico-pathological factors.

CADM1 n (%) HER2 n (%) STAT3 n (%)

Clinical features n (total) Negative Positive P-value Negative Positive P-value Negative Positive P-value

Age (yr) .45 .12 .18
� 50 93 41 (44.09) 52 (55.91) 81 (87.1) 12 (12.9) 46 (49.46) 47 (50.54)
> 50 87 44 (50.57) 43 (49.43) 68 (78.16) 19 (21.84) 34 (39.08) 53 (60.92)
Histological grade < .0001 .002 < .0001
Benign 20 0 (0) 20 (100) 20 (100) 0 (0) 18 (90) 2 (10)
Borderline 30 5 (16.67) 25 (83.33) 28 (93.33) 2 (6.67) 22 (73.33) 8 (26.67)
Low 50 22 (44) 28 (56) 44 (88) 6 (12) 34 (48) 26 (52)
High 80 58 (72.5) 22 (27.5) 57 (71.25) 23 (28.75) 16 (20) 64 (80)
FIGO Stage .005 .02 < .0001
I/II 47 21 (44.68) 26 (55.32) 42 (89.36) 5 (10.64) 26 (55.32) 21 (44.68)
III/IV 83 59 (71.08) 24 (28.92) 59 (71.08) 24 (28.92) 14 (16.87) 69 (83.13)
Lymph node metastasis .004 .009 < .0001
No 78 40 (51.28) 38 (48.72) 67 (85.90) 11 (14.10) 34 (43.59) 44 (56.41)
Yes 52 40 (76.92) 12 (23.08) 34 (65.38) 18 (34.62) 6 (11.54) 46 (88.46)

Data are presented as n (%). Comparisons were performed using the Chi-squared test. P< .05 was considered statistically significant.
CADM1= cell adhesion molecule 1, FIGO, International Federation of Gynecology and Obstetrics, HER2 = human epidermal growth factor receptor 2, HGSC= high-grade serous ovarian carcinoma, LGSC= low-
grade serous ovarian carcinoma, SBT = serous borderline tumor, STAT3 = signal transducer and activator of transcription.
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axis were significantly associated with histologic type, FIGO
stage, and lymph node metastasis in the SOT subgroups.
Recent morphologic and molecular event studies have led to a

shift in our understanding of the carcinogenesis and histogenesis
of SOTs.[12] Although histologic pathology is a powerful tool for
unraveling the origins of SOTs, detailed molecular studies are
needed to reduce ovarian cancer-related mortality. Progress is
being made toward a better understanding of the fundamental
biology of this disease. For example, studies have shown that
SBTs and LGSCs have relatively frequent point mutations in
kirsten rat sarcoma 2 viral oncogene homolog and v-raf murine
sarcoma viral oncogene homolog B1 genes,[13] while tumor
protein p53 and breast cancer susceptibility gene 1/2mutations in
HGSCs are associated with tumor-infiltrating lymphocytes and
poor prognosis.[6,14] CADM1 is a neural tissue-specific cell-cell
adhesion molecule that mediates hemophilic and heterophilic
cell-cell adhesion in a Ca2+-independent manner. In glioblastoma
and SqCC of the lungs, head and neck, esophagus, and cervix,
CADM1 has been shown to be downregulated, and this
reduction is associated with cancer progression and poor
prognosis.[11,15] This finding was supported by our observation
of high CADM1 expression in almost all serous cystadenomas
and SBTs. In contrast, a decrease or loss of CADM1 expression
was identified in malignant tumor samples from patients with
LGSC and HGSC (Fig. 1), and a negative correlation between
CADM1 expression and HER2 or STAT3 expression was
detected in patients with SOTs. In addition, our study found that
the loss of CADM1 expression was associated with aggressive
tumor behavior and lymph node metastases (Tables 2 and 3).
These findings indicated that a loss of CADM1 expression may
play a role in SOT carcinogenesis and suggested that CADM1
may be a novel molecular biomarker for identifying and
monitoring disease progression in patients with SOTs.
Clinical studies have shown high levels of HER2 and STAT3

expression in human HGSCs as well as in cancers of the breast,
colon, lung, prostate, and cervix and that they are associated with
tumor progression and decreased survival.[16–18] HER2 is a
membrane tyrosine kinase and oncogene that is activated by
5

forming complexes with other membrane receptors. Constitu-
tively active STAT3 has been shown to cause tumor resistance to
radiation, chemotherapy, and immunotherapy.[19] Various
HER2-based radiotheranostic strategies (a combination of
non-invasive diagnostic imaging and radionuclide therapy with
the same, but differently radio-labeled, carrier agent) and STAT3
inhibitors have been developed and were shown to have excellent
efficacy for inhibiting tumor growth andmetastasis in vitro and in
vivo.[20–23] Therefore, given the existing evidence indicating that
HER2 and STAT3 are overexpressed in aggressive HGSCs, we
considered it imperative to understand the changes in these 2
molecules in patients with premalignant and malignant SOTs. By
analyzing tissue specimens from benign, borderline, and
malignant SOTs, we found that the benign and borderline cases
lacked or had low levels of HER2 and STAT3 expression.
However, high HER2 and STAT3 expression levels were present
in LGSCs and HGSCs, which aligned with the diminished
CADM1 levels in these cases. This is partially consistent with the
findings of a recent study indicating that CADM1 interactions
with HER2 and ITGa6b4 regulate downstream STAT3 activity
in SqCC.[11,15] Furthermore, we found a close, positive
correlation between HER2 and STAT3 expression, and the
expression level of the CADM1/HER2/STAT3 axis was found to
be associated with histological type, FIGO stage, and lymph node
metastasis in patients with SOTs. Based on these results, we
suggest that the CADM1/HER2/STAT3 axis might offer
promising diagnostic biomarkers and therapeutic targets that
may contribute to the development of precision medicine for
SOTs.
The present study has several limitations that should be

mentioned. First, the lack of clinical information after treatment
intervention meant that we could not fully assess the possible
roles of the CADM1/HER2/STAT3 axis; thus, we could not
examine the potential clinical benefits of modifying the molecular
events. Second, the exact mechanism underlying the changes in
the CADM1/HER2/STAT3 axis remains elusive. Third, common
to all observational studies, we could not infer a causal
relationship between the alterations in the CADM1/HER2/

http://www.md-journal.com


Wu et al. Medicine (2021) 100:8 Medicine
STAT3 axis and the clinical behavior of the SOTs. Decisive
illustration of the underlying mechanism and relationships might
strengthen our understanding of SOT carcinogenesis and enable
us to exploit the full potential of the molecular events.
Nevertheless, our findings expand our knowledge and extend
molecular networks in the gene regulation of SOTs. Further
exploration into these basic aspects is ongoing and will be
reported in the near future.
5. Conclusion

We showed that the molecular events involving the CADM1/
HER2/ STAT3 axis in patients with progressing or metastasizing
SOTs were HER2 and STAT3 activation and CADM1 suppres-
sion or loss. These findings represent an important step toward a
better understanding of the fundamental biology of SOTs, and
provide a basis for the development of novel diagnostic and
therapeutic strategies. A greater understanding of the molecular
events involved in the pathogenic transformation of benign to
malignant SOTs will improve our ability to predict the behavior
of SOTs and develop precision diagnostic and treatment systems
to improve the survival rate of patients with SOTs.
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