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Background: Colorectal cancer (CRC) is a significant global health concern with
increasing incidence and poor prognosis in advanced stages. This study evaluates
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antibody for HER2/neu and a rabbit polyclonal antibody for COX2. Expression levels
were correlated with clinicopathological parameters.

Results: Patients ranged from 20 to 82 years (mean: 55.6), with a male predominance. The
B rectum and caecum were the most common tumor sites. Adenocarcinoma accounted for
76% of cases, with grade II being most frequent (63.16%). HER2/neu overexpression was
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Conclusion: HER2/neu and COX2 overexpression contribute to CRC progression, aiding
in tumor invasion and metastasis. Targeting these markers, alone or with standard
therapies, offers a promising strategy for personalized CRC treatment. COX2 inhibition
may also play a role in prevention and therapy.
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Introduction

Cancer remains a significant global health challenge, with colorectal cancer (CRC) representing the third most common cancer in
men and the second in women [1]. Its incidence has risen globally, influenced by aging, lifestyle changes, and Westernization,
particularly in developing countries. While CRC rates are higher in industrialized nations, countries like the USA have seen

declines due to effective screening and early detection [2,3].

CRC develops through a multistep process involving genetic and epigenetic changes, often progressing from adenoma to
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carcinoma [4,5]. Advanced CRC presents treatment challenges, with metastases significantly reducing survival rates. Early
detection and localized treatments offer favorable outcomes, while advancements in combinational therapies, including targeted

treatments like monoclonal antibodies, have improved management for metastatic CRC [6,7].

Emerging research focuses on understanding tumor invasion, metastasis, and resistance mechanisms, emphasizing the need for
personalized therapeutic strategies [8]. Immunohistochemistry plays a pivotal role in CRC diagnostics, with markers like CEA,
CDX2, MLH1, and HER2/neu aiding diagnosis, prognosis, and treatment planning. HER2/neu, a target in breast cancer, shows
potential in CRC for therapeutic intervention, while COX2, associated with inflammation and tumor progression, correlates with

poor prognosis and recurrence [9,10,11].

This study utilized immunohistochemical methods to examine HER2/neu and COX2 expression in CRC, analyzing their
associations with histological grading. Findings aim to enhance diagnostic accuracy, prognostic evaluation, and therapeutic

approaches for CRC.
Materials and Methods

This record-based cross-sectional study was conducted in the Department of Pathology, Jawaharlal Nehru Medical College,
Ajmer, from January 2019 to December 2023. The study included all colorectal carcinoma resected specimens meeting inclusion

criteria while excluding small biopsies, secondary metastatic disease, and poorly fixed samples.

Inclusion Criteria: Resected specimens of colorectal carcinoma (all cases diagnosed as colorectal cancer from resected specimens
from right hemicolectomy, left hemicolectomy, transverse colectomy, descending colectomy, sigmoid colectomy, anterior

resection, and abdomino-perineal resection were included in the study).
Exclusion Criteria: Small biopsies, Secondary metastatic disease of the colon, Specimens not well fixed in formalin.

Patient demographic and clinical details were recorded. Paraffin-embedded blocks of eligible cases were sectioned, stained with
Hematoxylin and Eosin, and mounted for microscopic evaluation. Sections were further prepared for immunohistochemical (IHC)
staining of HER2/neu and COX2 using specific antibodies. A semi-quantitative scoring system assessed staining results for

diagnostic accuracy, with histological diagnosis as the gold standard.

Tissue processing involved fixation, dehydration, clearing, embedding, and sectioning. THC protocols included dewaxing,
rehydration, antigen retrieval, and staining with primary and secondary antibodies, followed by DAB visualization and

counterstaining. HER2/neu and COX2 expression levels were scored based on proportional and intensity criteria.

HER2/neu was scored as follows: 0 =no staining of all or membrane staining in <10% of tumor cells; 1 = faint or barely perceptible
membranous staining in >10% of tumor cells; 2 = weak to moderate staining of entire membrane in >10% of tumor cells; 3 =

strong staining of entire membrane in >10% of tumor cells. Scores 0 and 1 = negative; 2 = equivocal; and 3 = positive [12].

The proportion of cells stained for COX2 was scored as follows: 0 = 0%-5%; 1 = 6%-25%; 2 = 26%-50%; 3 = 51%-75%; 4 =
75%-100%. Staining intensity was scored as follows: 1 = faintly yellow; 2 = brownish yellow; 3 = brown. A combined score was
categorized as negative (—; combined score = 0-1), positive (+; combined score = 2-3), moderately positive (++; combined score

= 4-5), or strongly positive (+++; combined score = 6-7) [8].

Statistical analysis was performed using IBM SPSS version 21. Qualitative data were expressed as numbers and percentages, and

quantitative data as mean + standard deviation. Associations were analyzed using the chi-square test, with significance set at P <
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0.05.
Results

In this study, a total of 50 specimens from patients with colorectal carcinoma were thoroughly examined across a range of

demographic, histological, and molecular parameters.

Of the 50 cases studied, 66% were male and 34% were female. The most affected age group was 6170 years (28%), followed by
41-50 years (24%). In younger age groups (20—30 and 31-40 years), the prevalence was significantly lower, accounting for 10%

and 6% of cases, respectively (Figure 1).
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Figure 1: Age and gender wise distribution of study subjects in colorectal carcinoma

The rectum and caecum were the most common tumor sites, each comprising 24% of cases, followed by the sigmoid colon (14%).

The rectum was more frequently affected in males, while the caecum was the most common site in females (Table 1).

Table 1: Site distribution of colorectal carcinoma in study subjects

Site Number of cases Percentage (%)
Male | Female | Total
Ascending colon 6 0 6 12
Caecum 4 8 12 24
Descending Colon | 2 1 3 6
Hepatic flexure 1 0 1 2
Ileocaecal junction | 3 1 4 8
Transverse colon 3 0 3 6
Splenic flexure 0 1 1 2
Sigmoid colon 3 4 7 14
Rectum 10 2 12 24
Rectosigmoid 1 0 1 2
Total 33 17 50 100

Tumor size was evenly distributed, with 50% of cases having tumors <5 cm and the remaining 50% >5 cm. There was no
significant correlation between tumor size and HER2/neu or COX2 overexpression. Adenocarcinoma was the most prevalent
histological type, constituting 76% of cases (26 males and 12 females). Mucinous carcinoma accounted for 22%, while signet ring

cell carcinoma was rare (2%).
Moderately differentiated adenocarcinomas (Grade II) were the most common (63.16%), followed by well-differentiated (Grade

I) at 28.95% (Figure 2), and poorly differentiated carcinomas (Grade III) at 7.89%. Grade 111 tumors were exclusively associated
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with advanced disease stages and HER2/neu and COX2 overexpression. Stage | was the most frequent (38%), followed closely
by Stage I1I (36%). Stage IV accounted for 8% of cases, predominantly associated with poorly differentiated tumors and significant

biomarker overexpression.
Molecular Marker Analysis

HER2/neu Expression: HER2/neu overexpression (scores 2—3) [Figure 3] was detected in 13 cases (26%). Among these,
adenocarcinomas had the highest overexpression (9 cases), followed by mucinous carcinomas (3 cases) and signet ring cell

carcinoma (1 case) [Table 2].

Table 2: HER2/neu and COX2 scoring in colorectal carcinoma

Histological type Total | HER2/neu Overexpression | COX2 Overexpression
(score 2 — 3) (score 2 —7)
Adenocarcinoma 38 9 26
Mucinous carcinoma 11 3 8
Signet ring cell carcinoma 1 1 1
Total 50 13 35

Figure 2: Well differentiated adenocarcinoma showing well-formed glands with basally oriented nuclei and without

significant stratification H&E, (400X)
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Figure 3: HER2/neu immunohistochemistry-HER2/neu score-3+(400X)
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A total of 50 cases were examined; among these, only 13 cases showed overexpression for HER2/neu, while the remaining 37

cases did not. Conversely, 35 cases showed overexpression for COX2, with the remaining 15 cases not showing overexpression.

Histological Grades: 100% of Grade III tumors, 16.67% of Grade II, and 18.18% of Grade I [p < 0.00004] [Table 3].

Table 3: Correlation of HER2/neu immunoreactivity to the histological grade of the studied cases

Histological Grade HER2/ neu score % of HER2/ neu over expression
HER2/neu Negative | HER2/neu Overexpression
(score0—1) (score2 —3)
Well Differentiated (I) 9 2 18.18
Moderately Differentiated (II) 20 4 16.67
Poorly Differentiated (III) 0 3 100
Total 29 9 23.68
P value 0.00004

In this table, only conventional adenocarcinoma was included; mucinous and signet ring subtype adenocarcinomas were not

included. Overexpression was significantly correlated with: Advanced Stages: 7 cases in Stage III, 4 in Stage [V, and 2 in Stage

II [p <0.0001]. Lymph Node Involvement: 11 of 13 HER2/neu-overexpressing cases had lymph node involvement [p < 0.0001].

Serosal Invasion: Present in 8 of 13 cases [p = 0.025].

COX2 Expression

COX2 overexpression (scores 2—7) [Figure 4] was observed in 35 cases (70%) [Table 2], with significant findings in: Tumor

Types: 26 adenocarcinomas, 8 mucinous carcinomas, and 1 signet ring cell carcinoma. Histological Grades: 100% of Grade III

tumors, 70.83% of Grade 11, and 54.54% of Grade I [p = 0.013] [Table 4].

Table 4: Correlation of COX2 immunoreactivity to the histological grade of the studied cases

Histological Grade COX2 score % of overexpression
COx2 COXx2
Negative Overexpression
(score 0 —1) (score2 —7)
Well Differentiated (I) 5 6 54.54
Moderately Differentiated (II) 7 17 70.83
Poorly Differentiated (I1I) 0 3 100
Total 12 26 68.42
P value 0.013

Figure 4: COX2 Immunohistochemistry-COX2 score-7+(400X)
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In this table, only conventional adenocarcinoma was included; mucinous and signet ring subtype adenocarcinomas were not

included.

Overexpression was significantly correlated with: Advanced Stages: Predominantly in Stage I1I (15 cases) and Stage IV (4 cases),
with a lesser prevalence in Stage I (9 cases) and Stage II (7 cases) [p = 0.004]. Lymph Node Involvement: 17 cases with lymph

node positivity [p = 0.018]. Serosal Invasion: Significant association seen in 17 cases with positive invasion [p = 0.004].
Correlation Between HER2/neu and COX2

A significant positive correlation was established between HER2/neu and COX2 overexpression [p = 0.041]. Among 35 COX2-
overexpressing tumors, 12 also overexpressed HER2/neu, suggesting a potential cooperative role of these biomarkers in tumor

progression.

These detailed findings highlight the multifaceted nature of colorectal carcinoma, with specific demographic patterns, histological
distinctions, and molecular marker expressions. The significant correlations between HER2/neu and COX2 overexpression and
advanced stages, high histological grades, serosal invasion, and lymph node involvement underscore their potential as prognostic
markers and therapeutic targets. This integrated analysis provides a robust framework for improving colorectal carcinoma

diagnosis, prognosis, and treatment strategies.
Discussion

Colon cancer is the third most prevalent cancer globally among men and women, accounting for approximately 10% of cancer-
related deaths. The annual worldwide incidence of colon cancer is increasing at an alarming rate of nearly 2% [13]. Since the early
1990s, substantial research efforts have advanced our understanding of the tumor biology and pathogenesis of colorectal
carcinoma. Current evidence highlights the role of complex interactions between genetic predispositions and environmental

factors in cancer development [14].

The present study analyzed 50 colorectal carcinoma cases from J.L.N. Medical College, Ajmer, collected between January 2019
and December 2023. The histological examination revealed that 76% of cases were adenocarcinomas, 22% were mucinous
carcinomas, and 2% were signet ring cell carcinomas. This distribution aligns with global findings, emphasizing adenocarcinoma

as the predominant type.

Age and Gender Distribution: The age of patients ranged from 20 to 82 years, with a mean age of 53.6 years. These findings are
consistent with studies like Gill MK et al. (2011) [15] and Tu J et al. (2015) [16], though some studies reported a higher mean
age, likely due to demographic and lifestyle differences. A male preponderance was observed (66%), with a male-to-female ratio

of 1.94:1, similar to findings from Lee WS et al. (2014) [17] and Negi RR et al. (2019) [18].

Tumor Location and Size: The most commonly affected sites were the proximal colon and rectum (24% each), followed by the
sigmoid colon (14%). This pattern contrasts with studies like Kiran DK et al. (2023) [19] and Mohsenifar Z et al. (2023) [20],
where the distal colorectal region was more frequently involved. Tumor size distribution was equal, with 50% of tumors <5 cm

and 50% >5 cm, paralleling findings from Tu J et al. (2015) [16].

Histological Grades and Stages: Moderately differentiated adenocarcinomas (Grade II) were the most common (48%), followed
by well-differentiated (Grade I) and poorly differentiated (Grade III) tumors. Stage I was the most frequent (38%), followed by

Stage 111 (36%), indicating that early detection plays a critical role in managing colorectal cancer. These findings align with Nandi
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S et al. (2024) [21], though other studies, such as Fazeli MS et al. (2007) [22], reported Stage II as the most common.

HER2/neu and COX2 Overexpression: HER2/neu is a protein with tyrosine kinase activity encoded by cellular oncogenes. Under
normal circumstances, oncogenes are inactive and participate in growth. Its overexpression is associated with pathologic
morphology and biological behavior in a wide variety of tumor specimens, including breast, gastric, ovarian, and colorectal

carcinoma.

In our study, HER2/neu overexpression was seen in 26% of colorectal carcinoma cases. This was in concordance with the study

done by Mohsenifar Z et al. (2023) [20] and Park et al. (2007) [23].
Cases with HER2/neu overexpression did not show any correlation with age, sex, tumor location, or tumor size.

HER2/neu overexpression showed a significant correlation with both serosal invasion and lymph node involvement, which aligns
with research by Wu QB et al. (2015) [8]. This suggests that HER2/neu could serve as an important marker for assessing the

invasiveness and metastatic potential of colorectal cancer.

Statistical analysis of our study showed a strong correlation between tumor grade and HER2/neu overexpression, as all cases of
poorly differentiated adenocarcinoma (Grade I11) showed HER2/neu overexpression. These findings were in accordance with the

studies done by Tavangar et al. (2005) [24] and Kiran DK et al. (2023) [19].

A strong correlation was also observed between tumor stage and HER2/neu overexpression in the present study. All cases of Stage
IV showed HER2/neu overexpression (100%). These findings were in accordance with the study done by Seo AN et al. (2014)
[25].

Cyclooxygenase is a rate-limiting enzyme in prostaglandin metabolism. The carcinogenic effects of COX2 have been studied in
cancers of various organs, such as breast, lung, esophagus, head and neck, bladder, and liver. Cyclooxygenase-2 has also been

found to be overexpressed in colorectal cancer.

COX2 expression in tumor tissue is correlated with prognosis in colon cancer cells. With high COX2 expression, the adhesion of
cells to the matrix and the potential of cancer cells to metastasize increase, both of which are conducive to the development,
progression, and metastasis of cancer. Nonsteroidal anti-inflammatory drugs are known to reduce the risk and mortality of

colorectal cancer by inhibiting cyclooxygenase.

Similarly, COX2 overexpression was found in 70% of our cases, which is consistent with findings from Nagi RR et al. (2019)

[18] and Joo YE et al. (2002) [26].

All colorectal carcinoma cases with COX2 overexpression did not show any correlation with age, sex, tumor location, or tumor

size.

We observed a strong correlation between COX2 overexpression and both serosal invasion and lymph node involvement,
supporting the role of COX2 in cancer progression and metastasis, as described by Wu QB et al. (2015) [8]. This highlights CO X2

as a potential target for therapeutic strategies aimed at reducing cancer spread.

Statistical analysis of our study showed a strong correlation between COX2 overexpression and tumor grade, as all cases of poorly
differentiated adenocarcinoma (Grade III) showed COX2 overexpression. The results of our study were in accordance with studies

done by Sheehan KM et al. (1999) [27] and Al-Maghrabi J et al. (2012) [28].
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As shown in our study, all cases of Stage IV showed COX2 overexpression, followed by Stage III. The results of our study were
in concordance with the results of Albasri et al. (2018) [29].

As COX2 expression is significantly associated with tumor stage, it is considered a prognostic factor for colorectal cancer.

A notable finding from our study was the significant co-expression of HER2/neu and COX2 in 34.28% of cases. This dual
overexpression was associated with more aggressive tumor characteristics, such as advanced stages and increased metastatic
potential. These results are in line with Wu QB et al. (2015) [8], who also found a strong correlation between HER2/neu and
COX2 positivity in colorectal cancer. The simultaneous overexpression of these markers could serve as a potential prognostic

indicator, suggesting a poorer outcome and highlighting the need for combined therapeutic approaches targeting both pathways.

Our study’s findings suggest that HER2/neu and COX2 could be valuable biomarkers for evaluating tumor aggressiveness in
colorectal cancer. While the immunohistochemical methods used in our study are relatively simple and widely accessible, they
are subject to variability based on reagent quality and operator skill. Future research could focus on refining detection methods,

such as fluorescence in situ hybridization or quantitative PCR, to ensure more consistent and reliable results.
Conclusion

The findings underscore the importance of integrating demographic, histological, and molecular markers for a comprehensive
understanding of colorectal carcinoma. HER2/neu and COX2 overexpression serve as potential prognostic indicators and
therapeutic targets. Future research should focus on standardized detection methods and explore targeted therapies to improve

outcomes for colorectal cancer patients.
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