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Abstract: Objective: Primary and metastatic mucinous ovarian carcinomas share similar morphologies but have significant
differences in prognosis. This study aims to explore the immunophenotypic characteristics of primary and gastrointestinal-
derived mucinous ovarian carcinomas. Methods: A total of 230 cases of primary and gastrointestinal-derived mucinous ovarian
tumors surgically removed at Junnan County People’s Hospital and the Affiliated Hospital of Qingdao University from 2014
to 2024 were randomly selected. These included 67 cases of primary mucinous ovarian carcinoma, 56 cases of primary
borderline mucinous ovarian tumor, 61 cases of colorectal-derived mucinous ovarian carcinoma (including 26 cases from
the appendix and 35 cases from the colorectum), 26 cases of gastric-derived mucinous ovarian carcinoma, and 20 cases of
mucinous cystadenoma of the ovary. All specimens were reviewed and confirmed by two experienced pathologists according
to the 2020 WHO classification criteria. Immunohistochemistry was used to detect the expression differences of CLDN18.2
in primary mucinous ovarian tumors. Furthermore, the expressions of CLDN18.2, CDX2, SATB2, and PAX8 were jointly
detected in primary and gastrointestinal metastatic mucinous ovarian tumors to explore the immunoexpression characteristics
of multiple immune markers in primary ovarian and upper and lower gastrointestinal-derived ovarian metastatic mucinous
carcinomas. Results: 1. CLDN18.2 showed varying degrees of expression in mucinous cystadenoma of the ovary, borderline
mucinous ovarian tumor, and primary mucinous ovarian carcinoma, but was not expressed in normal ovarian and fallopian
tube tissues. 2. In primary mucinous ovarian carcinoma, CLDN18.2 and PAX8 showed high expression, while CDX2 and
SATB2 showed lower expression. In gastric-derived mucinous ovarian carcinoma, CLDN18.2 and CDX2 showed high
expression, while SATB2 and PAX8 were almost not expressed. In colorectal-derived mucinous ovarian carcinoma, CDX2
and SATB2 showed high expression, while CLDN18.2 and PAX8 showed low expression. Conclusion: CLDN18.2 shows
high expression in both primary and gastric-derived mucinous ovarian carcinomas and can be used as an auxiliary method for
differentiating primary and gastrointestinal-derived mucinous ovarian carcinomas along with CDX2, SATB2, and PAXS.
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1. Introduction

Ovarian cancer poses a severe threat to women’s health. Although it ranks third in the incidence of female

(1

reproductive system tumors, it has the highest fatality rate . Most women in developed countries die from ovarian

cancer ). Epithelial ovarian carcinoma (EOC) is the main pathological type of ovarian cancer "

, accounting for
approximately 90% of cases . Mucinous ovarian carcinoma (MOC) is one of the subtypes of EOC, with unique
clinical, histological, and molecular characteristics *’. However, it is difficult to distinguish the primary source of
the tumor'®. Compared to primary mucinous ovarian carcinoma (PMOC), metastatic mucinous ovarian carcinoma
(MMOC) is more common, mainly originating from the gastrointestinal tract and pancreatobiliary system """, There
are differences in the prognosis of PMOC and MMOC ™, so correctly identifying the source of ovarian tumors is
crucial for clinical management.

CLDNss are a family of tight junction proteins composed of at least 27 protein members *'. Evidence suggests
that CLDN s proteins are key structural and functional components of tight junction proteins, playing a critical role
in tumorigenesis and inflammation "'”. CLDN18, a member of the CLDNs family, has two subtypes: CLDN18.1
and CLDN18.2. In normal tissues, CLDN18.1 is expressed in the lungs """, while CLDN18.2 is only expressed in
differentiated gastric mucosal epithelial cells "' CLDN18 is highly expressed in gastric cancer, esophageal cancer,
pancreatic cancer, ovarian cancer, cholangiocarcinoma, and lung adenocarcinoma "*'. Studies by Halimi ez al. '*"
have shown positive expression of CLDN18 in gastric-type mucinous cystadenoma and gastric-type mucinous
borderline tumors of mucinous ovarian tumors.

CDX2 encodes a transcription factor that plays an important role in regulating the development and
differentiation of intestinal epithelial cells ', Research indicates that CDX2 is expressed in both normal and
neoplastic intestinal epithelial tissues, serving as a marker for intestinal-derived tumors "*'",

SATB2 is a human DNA-binding protein involved in transcriptional regulation and chromatin remodeling,
with high expression specifically localized in the epithelial cells of the lower digestive tract '*. Recently, the
role of STAB2 in the differential diagnosis of colorectal cancer has gradually been recognized. Aldaoud’s "
study shows that SATB?2 is a sensitive and highly specific marker in colorectal cancer. Besides CDX2, CK7, and
CK20, PAXS has also been mentioned for distinguishing the primary source of mucinous ovarian cancer "'”. The
paired box gene (PAX) encodes a family of nine transcription factors involved in organogenesis during human

development . Bowen et al.’s ")

studies have confirmed that PAXS is an important marker of genital tract origin.

Currently, no research has been found on the immunohistochemical expression characteristics of combined
applications of CLDN18.2, CDX2, SATB2, and PAXS in primary ovarian and gastrointestinal-derived mucinous
carcinomas. Therefore, this study intends to investigate the immunophenotypic characteristics of different sources
of ovarian mucinous carcinomas by jointly detecting the expression of several immune markers in primary ovarian

and gastrointestinal-derived ovarian mucinous carcinomas.

2. Materials and methods

2.1. General information

A total of 230 cases of primary and gastrointestinal-derived mucinous ovarian tumors were randomly selected from
the surgical resection cases at Junnan County People’s Hospital and the Affiliated Hospital of Qingdao University
from 2014 to 2024. These included 67 cases of primary mucinous ovarian cancer, 56 cases of primary borderline
mucinous ovarian tumors, 61 cases of mucinous ovarian cancer derived from the large intestine (including 26 cases

from the appendix and 35 cases from the colon and rectum), 26 cases of ovarian mucinous carcinoma derived
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from the stomach, and 20 cases of ovarian mucinous cystadenoma. Additionally, normal ovarian and fallopian tube
tissues from 10 patients who underwent total hysterectomy due to uterine fibroids were selected as controls. All
specimens were reviewed and confirmed by two experienced pathologists based on the 2020 WHO classification
criteria. None of the selected patients received radiotherapy or chemotherapy before surgery. All study subjects
signed informed consent, and the study protocol was approved by the Medical Research Ethics Committee of
Junnan County People’s Hospital.

2.2. Reagents and methods

Surgical specimens were routinely fixed and embedded in paraffin. The paraffin-embedded tissues were
continuously sectioned at a thickness of 4pum and subjected to immunohistochemical staining for CLDN18.2
(abcam, ab203563; 1:500), CDX2 (ABclonal Technology Co, a20222; 1:50), SATB2 (abcam, ab92446; 1:50), and
PAXS8 (abcam, ab53490; 1:100). Result interpretation: The slides were reviewed by experienced pathologists in a
double-blind manner. Positive expression of CLDN18.2 was defined as staining of the outer basement membrane,
while CDX2, SATB2, and PAXS8 were all expressed in the cell nucleus. A semi-quantitative scoring system was
used to evaluate staining intensity and the percentage of stained cells. Staining intensity was scored as follows: 0
for no color; 1 for light yellow, 2 for brown yellow, and 3 for tan. The percentage of stained cells was scored as
follows: < 5% positive cells were scored as 0; 5-25% as 1; 26-50% as 2; 51-75% as 3; and 76-100% as 4. The
sum of the two scores represented the staining score, with a total score > 2 considered positive and < 2 considered

negative.

2.3 Statistical methods
SPSS 26.0 software was used for statistical analysis. The chi-square test (y test) was selected as the statistical
method, and a P-value < 0.05 was considered statistically significant.

3. Results
3.1. Expression of CLDN18.2 in mucinous ovarian tumors

The results showed that CLDN18.2 immunohistochemical staining was mainly localized to the outer edge of the
cell basement membrane, and positive CLDN18.2 staining appeared as brown yellow or tan. CLDN18.2 was not
expressed in normal ovaries but showed varying degrees of expression in mucinous cystadenomas, borderline

mucinous ovarian tumors, and primary mucinous ovarian cancers (Table 1, Figure 1).

Table 1. Expression of CLDN18.2 in mucinous ovarian tumors

Staining intensity Staining percentage CLDN18.2
Category

0 1 2 3 0 1 2 3 4 Positive Negative

Primary mucinous 56 11
Ovarian cancer 3 4 2 33 3 4 15 15 30 (83.6%)  (16.4%)

Borderline mucinous 26 30
Tumor > 7 28 16 6 17 28 > O (46.4%) (53.6%)
Mucinous Cystadenoma 3 12 5 0 3 10 4 3 0 3(15%) 17 (85%)
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Figure 1. The expression of CLDN18.2 in normal ovary (A), mucinous cystadenoma (B), borderline mucinous tumor (C),
primary mucinous ovarian cancer (D), normal fallopian tube (E), serous cystadenoma (F), borderline serous tumor (G), and
high-grade serous ovarian cancer (H) at 200x magnification.

3.2. Immunohistochemical characteristics of CLDN18.2, CDX2, SATB2, and PAXS in
primary mucinous ovarian cancer and gastrointestinal-derived mucinous ovarian cancer
3.2.1. Comparison between primary mucinous ovarian cancer (PMOC) and gastrointestinal-
derived mucinous ovarian cancer

The positive expression rate of CLDN18.2 in PMOC was 92.5% (62/67), which was significantly higher than that
in colon-derived mucinous ovarian cancer (37.7%). The difference between the two was statistically significant (P
< 0.05), but there was no significant difference compared to stomach-derived mucinous ovarian cancer (96.2%) (P
> (.05). CDX2 had a positive expression rate of 29.9% (20/47) in PMOC, which was significantly lower than that
in stomach-derived mucinous ovarian cancer (61.5%) and colon-derived mucinous ovarian cancer (90.2%). The
differences were statistically significant (P < 0.05). The positive expression of SATB2 in PMOC and stomach-
derived mucinous ovarian cancer accounted for only 4.5% (3/67) and 4.8% (1/26), respectively, while the positive
expression in colon-derived mucinous ovarian cancer was as high as 91.8% (56/61). The difference between
PMOC and colon-derived mucinous ovarian cancer was statistically significant (P < 0.05), but there was no
significant difference compared to stomach-derived mucinous ovarian cancer (P > 0.05). The expression rate of
PAXS in PMOC was 43.3% (29/67), while only 1 case (1.6%) of colon-derived mucinous ovarian cancer showed
positive expression, and no positive expression was observed in stomach-derived mucinous ovarian cancer.
Compared with gastrointestinal-derived mucinous ovarian cancer, the positive expression rate of PAX8 in PMOC
was higher, and the difference was statistically significant (P < 0.05).

3.2.2. Comparison between colon-derived mucinous ovarian cancer and stomach-derived
mucinous ovarian cancer

CLDNI18.2 was positively expressed in 37.7% (23/61) of colon-derived mucinous ovarian cancers, while the
positive expression rate of CLDN18.2 in stomach-derived mucinous ovarian cancer was 96.2% (25/26). The
positive expression rate of CLDN18.2 in stomach-derived mucinous ovarian cancer was significantly higher
than that in colon-derived mucinous ovarian cancer, and the difference was statistically significant (P < 0.05).
CDX2 was positively expressed in 90.2% (55/61) of colon-derived mucinous ovarian cancers, while the positive
expression rate in stomach-derived mucinous ovarian cancer was 61.5% (16/26). The positive expression rate
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of CDX2 in colon-derived mucinous ovarian cancer was higher than that in stomach-derived mucinous ovarian
cancer, and the difference was statistically significant (P < 0.05). SATB2 had a positive expression rate of
91.8% (56/61) in colon-derived mucinous ovarian cancer, but only 1 case (4.8%) showed positive expression in
stomach-derived mucinous ovarian cancer. The positive expression rate of SATB2 in colon-derived mucinous
ovarian cancer was significantly higher than that in stomach-derived mucinous ovarian cancer, and the difference
was statistically significant (P < 0.05). PAX8 was positively expressed in only 1 case (1.6%) of colon-derived
mucinous ovarian cancer and was not expressed in stomach-derived mucinous ovarian cancer. There was no
significant difference between the two (P > 0.05).
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CDX2
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Figure 2. Expression of CLDN18, CDX2, SATB2, and PAX8 in PMOC, metastatic mucinous ovarian cancer from
gastrointestinal origin.
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Table 2. Expression of CLDN18.2, CDX2, SATB2, and PAX8 in PMOC and mucinous ovarian cancer of
gastrointestinal origin

Metastatic colorectal  Gastric metastatic (n

PMOC (n=67) (%) P-value1l P-value2 P-value3

(n=61) (%) =26) (%)
+ 62 (92.5%) 23(37.7%) 25(96.29%) <0.001 0867  <0.001
CLDNI18.2

- 5(7.5%) 38(62.3%) 1(4.8%)

+ 20 (29.9%) 55 (90.2%) 16(61.5%) <0.001  0.005 0.004
CDX2

- 47 (70.1%) 6 (9.8%) 10 (28.5%)

+ 3 (4.5%) 56 (91.8%) 1 (4.8%) <0.001 1.000  <0.001
SATB2

- 64(95.5%) 5(8.2%) 25(96.2%)

+ 29 (43.3%) 1 (1.6%) 0 (0.0%) <0.001  <0.001 1.000
PAXS

- 38 (56.7%) 60(98.4%) 26(100%)

P-value 1: Comparison between PMOC and mucinous ovarian cancer of colonic origin; P-value 2: Comparison between
PMOC and mucinous ovarian cancer of gastric origin; P-value 3: Comparison between colonic and gastric origin groups.

4. Discussion

Mucinous ovarian tumors are classified as benign, borderline, and malignant, but these three forms can coexist within
the same pathological tissue **. Many scholars believe that mucinous ovarian cancer (MOC) progresses from
benign to borderline and then to malignant pathology . Distinguishing between metastatic and primary ovarian
malignancies is crucial. CLDN18 is one of 27 proteins that constitute the claudin family, essential for forming
tight junctions and maintaining the polarity of epithelial and endothelial cells **. Experimental evidence suggests
that abnormal expression of CLDN18 and CLDN18.2 in gastric cancer is significant for diagnosis, treatment, and
prognosis "> %), This study demonstrates that CLDN18.2 is positively expressed in both mucinous cystadenoma
and borderline mucinous ovarian tumors, often focal but sometimes diffuse. In PMOC, the positive expression rate of
CLDNI18.2 protein is significantly increased, with 51 out of 60 positive cases showing diffuse expression. Based on
CLDNI18.2 expression levels in mucinous ovarian tumors, it has certain diagnostic value for PMOC.

Eighty percent of MOC cases originate from metastases, primarily from the gastrointestinal tract *°.
Distinguishing the primary source of MOC can be challenging due to the histological similarity between
some primary and metastatic mucinous carcinomas. Although numerous studies have confirmed that clinical

features like tumor size and laterality can distinguish between PMOC and MMOC %"

, no single feature can
unequivocally differentiate them . Immunohistochemistry is the most commonly used method to distinguish
between primary and metastatic tumors. Experiments have confirmed the differential diagnostic value of CK7, CK20,
CDX2, SATB2, PAXS, and others in ovarian cancer """ *"**. However, relying on a single antibody is insufficient for
determining the tumor’s origin, and several antibodies are typically required for differential diagnosis. In our study,
we first used CLDN18.2, CDX2, SATB2, and PAXS to differentiate the primary source of mucinous ovarian cancer.
Our results show that CLDN18.2 expression is higher in PMOC and gastric-derived mucinous ovarian cancer than
in colonic-derived mucinous ovarian cancer. CDX2 expression is higher in colonic and gastric-derived mucinous
ovarian cancers than in PMOC. SATB2 shows high expression in colonic-derived mucinous ovarian cancer but
minimal expression in PMOC and gastric-derived mucinous ovarian cancer. PAX8 is positively expressed in about
half of PMOC cases but rarely in gastrointestinal-derived mucinous ovarian cancer. Based on these results, the
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common immunohistochemical phenotype in PMOC is CLDN18.2(+), CDX2(-), SATB2(-), PAX8(+), in colonic-
derived mucinous ovarian cancer is CLDN18.2(-), CDX2(+), SATB2(+), PAX8(-), and in gastric-derived mucinous
ovarian cancer is CLDN18.2(+), CDX2(+), SATB2(-), PAX8(-).

5. Conclusion

In summary, our findings provide an experimental basis for the differential diagnosis of CLDN18.2 in mucinous
ovarian cancer. However, further research is needed to understand the mechanism of CLDN18.2’s role in the

development of mucinous ovarian cancer and whether it can be a new therapeutic target.
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