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Abstract
AIM: To determine the frequency of HER2/neu protein overexpression in gastric (group A), small intestine (group B), and colorectal (group C) adenocarcinoma.

METHODS: A descriptive, cross-sectional study was performed on 50 cases of gastrointestinal adenocarcinoma (stomach, small intestine, and colorectal); 11 from group A, 8 from group B, and 31 from group C. The samples were grossed and processed in the pathology department, and sections were stained with HE (hematoxylin and eosin stain) for histopathological confirmation of malignancy (well-differentiated, moderately-differentiated, and poorly-differentiated). The confirmed samples were processed for immunomarker study of HER2/neu.

RESULTS: HER2/neu protein overexpression was found in 33 (66%) patients overall (P = 0.000). Out of 33 HER2/neu positive subjects, 23 (69.6%) were from group C, while the remaining 10 (30%) were from group A. None of the patients from group B had positive HER2/neu protein overexpression. No protein overexpression or membrane staining in < 10% tumor cells was observed in 17 (34%) patients, which were labeled as score “0” and considered negative for HER2/neu protein overexpression. Faint/weak staining (in ≥ 10% of tumors cells) were observed in 8 (16%) patients and given the “1+” score. Similarly 13 (26%) patients reported moderate staining (in ≥ 10% tumor cells) and were thus labeled as “2+”, and strong staining (in ≥ 10% tumors cells), labeled as “3+”, was observed in 12 (24%) patients. Out of 50 patients, 26 (52%) were suffering from grade-Ⅱ malignancy, 16 (32%) from grade-Ⅰ, and 8 (16%) from grade-Ⅲ. There was highly significant association between tumor grades and HER2/neu protein overexpression (P = 0.0000).

CONCLUSION: HER2/neu protein is credibly overexpressed in colon and gastric adenocarcinomas in immunohistochemistry. There is significant association between grade of tumor and HER2/neu protein overexpression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The role of HER2/neu was seen in 50 cases of gastrointestinal adenocarcinoma by immunohistochemistry. Overall, HER2/neu protein overexpression was found in 33 (66%) patients (P = 0.000), with 23 (69.6%) being colorectal carcinoma while the remaining 10 (30%) were gastric carcinoma. There was highly significant association between tumor grades and HER2/neu protein overexpression. HER2/neu protein was overexpressed in those adenocarcinomas showing a significant association between grade of tumor and HER2/neu protein overexpression. This discovery may improve treatment options for cases of gastric and colorectal carcinomas.
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INTRODUCTION
HER2/neu is an oncogene located on the chromosome 17q21. Similar to epidermal growth factor receptors HER1, HER3, and HER4, it is a member of the tyrosine kinase receptor family. Activation of HER2/neu leads to initiation of signaling pathways like MAPK/P13K/AKT, essential for cell proliferation and differentiation[1]. Overexpression of HER2/neu has been reported in many epithelial malignancies, including cancers of the lungs[2], prostate[3,4], bladder[5], pancreas[6], and osteosarcoma[7]. The role of HER2/neu directed therapy and its success in breast cancer patients has led to evaluation of protein overexpression, gene amplification, and anti-tumor activity of Herceptin in multiple tumor types, including colorectal and gastric adenocarcinomas[8,9].

The data available in the literature for HER2/neu positivity rates in gastric cancers vary from about 7%-43%. HER2/neu positive status in gastric cancer also appears to be associated with more aggressive disease, a poorer prognosis, and shorter survival. Recently, the EMEA (European Medicine Agency) has approved trastuzumab in combination with chemotherapy for use in patients with advanced gastric cancer[10-13].

In the West, colorectal cancer is one of the most common malignancies. Survival of patients with colorectal carcinoma has improved due to development of new cytotoxic agents (oxaliplatin and irinotecan) and advanced surgical techniques, but no further treatment options are available when patients become refractory to these modern chemotherapeutic regimens. Recently, however, the effects of these cytotoxic agents have been augmented by the development of monoclonal antibodies against vascular endothelial and epidermal growth factor receptors. Several studies have reported a variety of HER2/neu protein overexpression and gene amplification in colorectal adenocarcinoma. Data available about the prevalence of HER2/neu protein overexpression in colorectal cancer ranges from 0%-83%. However HER2/neu protein overexpression and its relation with clinicopathological features like Dukes classification and survival is conflicting[8,9].

This wide range of HER2/neu protein overexpression in colorectal adenocarcinoma reflects both differences in reagents used and methods, as well as study bias associated with patients selection (i.e., early versus advanced disease).

MATERIALS AND METHODS
The study was carried out at the Department of Pathology of the King Edward Medical University’s Mayo Hospital, Lahore and the Nawaz Sharif Social Security Teaching Hospital, Multan Road, Lahore. Informed consent was obtained from patients or their guardians. Patient identities were concealed, and approval from the University Research Ethical Committee was obtained prior to conducting this study.

Study design
This was a descriptive, prospective cross-sectional study on 50 cases of gastrointestinal (GIT) adenocarcinoma (stomach, small intestine, and colorectal) collected from the Pathology Department of the King Edward Medical University’s Mayo Hospital, Lahore and the Nawaz Sharif Social Security Teaching Hospital, Multan Road, Lahore.

History and clinical findings of the patients were entered pro forma. Patient consent was obtained via their own signature, a thumb sign, or by the signature of a guardian. The samples were grossed and processed at the Department of Pathology, King Edward Medical University, Lahore. The sections were stained with HE (hematoxylin and eosin stain) for histopathological confirmation of malignancy. The histological grading of these tumors as well-differentiated (Ⅰ), moderately-differentiated (Ⅱ), and poorly-differentiated (Ⅲ) was done according to the criterion of the American Joint Committee on Cancer[14,15]. The confirmed samples were processed for immunmarker study of HER2/neu. Known positive breast cancer cases were used as positive controls, with the omission of primary antibodies for the negative control. All sections were evaluated by two independent senior pathologists. Tumors with HER2/neu staining showing in ≥ 10% cancer cells were labeled as positive for HER2/neu protein overexpression. The results were reported as positive (cytoplasmic and membranous) or negative, and scored according to the intensity of the stain (weak, moderate, and severe) as 1+, 2+, or 3+.

Study duration

The study was completed within 6 mo after the approval of final synopsis.

Operational definitions

HER2/neu oncogene, a member of the tyrosine kinase receptor family, is essential for cell proliferation and differentiation, and its overexpression and/or amplification is associated with many types of tumors. Immunohistochemistry was performed by using a Hercep test kit to determine positive protein overexpression of HER2/neu in different grades of stomach, small intestine, and colorectal adenocarcinomas.

Inclusion and exclusion criteria
Fifty fresh cases of stomach, small intestine, and colorectal adenocarcinomas diagnosed via histopathology were included in this study. Patients of both sexes and a wide range of ages were taken in this study. Inadequate biopsies, autolysed specimens, and inflammatory lesions were excluded.

Immunohistochemistry scoring
Results were evaluated according to the criteria recommended by the manufacturer by using scores from 0 to 3+. No staining at all or membrane staining in < 10% of tumor cells was given the score “0”. Faint staining in ≥ 10% of tumor cells was given the score “1+”, as well as in cells which were only stained in part of the membrane. Weak to moderate staining of the entire membrane in ≥ 10% of the tumor cells was given the score “2+”, and strong staining of the entire membrane in ≥ 10% tumor cells was given the score “3+”. Scores of 0 were labeled as negative tumors, while scores of 1+, 2+, and 3+ were labeled as weak, moderate, and strong positive expression of HER2/neu, respectively[16].
Evaluation of gastric cases was performed according to the modified gastric cancer testing protocol[17]. Accordingly, strong incomplete (basolateral) membranous staining was accepted as positive (3+), and the 10% cut-off for this group in biopsy cases was abolished (Hofmann M et al[17] 2008). In biopsy cases, a focus (clone) that is allowed to be scored should have at least 5 stained evaluable cells. Score 0 was considered as negative HER2/neu protein overexpression, while score 1+, 2+, and 3+ were considered as positive HER2/neu protein overexpression in our study.

Ethics
The Institutional Review Board of the King Edward Medical University of Lahore approved the present study.

Statistical analysis

All information related to patients and their ailments was noted in a prescribed pro forma method. The data was analyzed by SPSS version 18. The comparison of HER2/neu protein overexpression in different grades was compared by chi-square test. A P value less than 0.5 was considered statistically significant.
RESULTS
The mean age of the studied patients was 48.5 ± 13.63 years (range: 17-75). The mean age of subjects in group A was found to be 52.82 ± 9.41 years (range: 40-70). In group B, the mean age observed was 50.25 ± 5.99 years (range: 45-60). The mean age in group C was 46.52 ± 15.92 years (range: 17-75) (Table 1).

In terms of gender, 23 males and 27 females were included in this study, with a male to female ratio of 1:1.13. The highest number of males was observed in group C (12, 52%) followed by group A (9, 39.1%), with the fewest in group B (2, 8.6%). There was a statistically insignificant association between gender and study groups (P = 0.078) (Figure 1).

HER2/neu protein overexpression was found in 33 (66%) patients overall. Out of 33 HER2 positive subjects, 23 (69.6%) were from group C, while the remaining 10 (30%) were from group A. None of the patients from group B had positive HER2/neu status. HER2/neu protein overexpression was not found in 17 (34%) patients, which was regarded as negative expression. Among these 17 HER2 negative patients, 8 (47%) were from group C, 1 (5.8%) was from group A, and 8 (47%) were from group B. There was a highly significant association between HER2/neu protein overexpression (positivity) status and the different study groups (P = 0.000) (Table 1). No expression or membrane staining (in < 10% of tumors cells) was observed in 17 (34%) of the patients who were scored as “0” and labeled negative. Out of these, 8 (47%) were in group C, 1 (5.8%) was from group A, and 8 (47%) were from group B. Faint/weak staining (in ≥ 10% of tumor cells) was observed in 8 (16%) of the patients (“1+” score), of which 6 (75%) were from group C and 2 (25%) were from group A. Similarly, 13 (26%) patients reported moderate staining (in ≥ 10% tumors cells) and were scored “2+”; 7 of these patients were from group C and 6 were from group A. Strong staining (in ≥ 10% of tumor cells) was scored “3+”, and was observed in 12 (24%) patients, of which 10 (83%) were from group C and 2 (16.6%) were from group A. Score “0’’ was regarded as negative while scores of 1+, 2+, and 3+ were regarded as positive for HER2/neu protein overexpression. Statistically, a highly significant association was seen between intensity of HER2/neu overexpression and the different study groups (P = 0.000) (Table 1).

Among 33 HER2/neu positive subjects, 18 (54.5%) were grade-Ⅱ malignancy, 11 (33%) were grade-Ⅰ, while 4 (12%) were grade Ⅲ. Out of 17 HER2/neu negative subjects, 8 (47.05%) were grade-Ⅱ, 5 (29.4%) were grade-Ⅰ, and 4 (23.5%) were grade Ⅲ. There was a highly significant association between tumor grades and HER2/neu overexpression (P = 0.0000) (Table 1). Among 9 subjects with lymph nodes metastasis, 8 (88.8%) were HER2/neu positive and 1 (11.1%) was HER2/neu negative. Out of 15 subjects with no lymph nodes metastasis, 12 (80%) were HER2/neu positive and 3 (20%) were HER2/neu negative. There is no significant association between lymph node involvement and HER2/neu overexpression (P = 0.572) (Table 2).

Regarding the morphological types of adenocarcinomas positive for HER2/neu, we found 16 (48%) cases of adenocarcinoma (not otherwise specified) positive for HER2/neu overexpression, among which 13 (81.25%) were from group C and 3 (18%) were from group A. Five (15%) cases positive for HER2/neu overexpression were mucinous adenocarcinoma, out of which 4 (80%) were from group C and 1 (20%) was from group A. Five (15%) cases of positive HER2/neu overexpression were of the signet ring variant of adenocarcinoma; 2 (40%) from group C and 3 (60%) from group A. Both cases of adenocarcinoma with neuroendocrine differentiation were from group C and were strongly positive for HER2/neu overexpression (3+). Similarly, both cases of the adenocarcinoma papillary variant from group C were weak to moderately positive for HER2/neu status. All 3 cases of the intestinal variant of adenocarcinoma were from group A and moderately positive for HER2/neu status (2+). A highly significant association was observed between different morphological types and HER2/neu overexpression (P = 0.0000) (Table 3).

Tumor staging was not applicable (NA) on biopsy specimens 18 (36%); 6 (33%) were from group C, 7 (38%) from group A, and 5 (27%) from group B. Staging was only done on surgically resected specimens. In the tumor stage of modified Dukes, B2 was found to be most frequent [i.e., 19 (38%) group C patients], with C2 being the second most frequently observed tumor stage at 4 (8%), followed by Dukes C1 in 2 (4%). The remaining tumor stages were found in each study group, except for tumor stage-ⅡA in one patient in both group A and B. A highly significant association was found between all tumor stages and study groups (P = 0.000) (Table 3). Expression of HER2/neu is shown in Figures 1 and 2.

DISCUSSION
In our study, a total of 50 subjects were included; 11 from group A, 8 from group B, and 31 from group C. The mean age of overall patients was 48.5 ± 13.63 years (range: 17-75). The mean age in our study shows that presentation is more common in later life, which is an important focus in many studies based on HER2/neu overexpression. A comparative study in 2004 found older age to be statistically correlated with overexpression of HER2/neu in endometrial carcinoma[18]. Additionally, a total of 23 males and 27 females were included in our study, with a male to female ratio of 1:1.13. There was a very slight difference in male to female ratio in our setting, similar to another study in New York (2003), in which the male to female ratio was 1.03:1 (86 males and 83 females)[19]. A statistically insignificant association was found between gender and study groups (P = 0.074) in our setting. This insignificant association was compatible to another study conducted in 2006 by Schuell et al[16], which evaluated the frequency of HER2/neu protein overexpression in colorectal cancer. 77 cases of surgically resected malignant colorectal cancer lesions were evaluated via a similar mode of immunohistochemistry, as was used in our study. The relationship with gender was also found to be statistically insignificant in that study[16].

The tumor grades in our study varied with respect to the different study groups. Out of 26 (52%) patients who were suffering from Grade Ⅱ malignancy, 20 (76.9%) were from group C, 2 (7.7%) were from group A, and 4 (15.3%) were from group B. The Grade Ⅰ category was second commonest (16, 32%) and consisted of 10 (62.5%) from group C, 4 (25%) from group A, and 2 (12.5%) from group B. Very few patients (8, 16%) were observed to have a grade Ⅲ tumor. Importantly, the prime focus of our study was to establish the obvious positivity status of HER2/neu protein overexpression by immunohistochemistry among different study groups. In our study, HER2/neu expression was found to be positive in 33 (66%) patients overall, whilst it was negative in 17 (34%) patients. Out of these 33 HER2 positive subjects, 23 (69.7%) were from group C, while the remaining 10 (30.3%) were from group A; none of the patients from group B had a positive HER2 status. A highly significant association was also observed between HER2/neu protein positivity status and the different study groups (P = 0.000). Among 33 HER2/neu positive patients in our study, 18 (54.5%) were of grade Ⅱ malignancy, 11 (33%) were of grade Ⅰ malignancy, and 4 (12%) were of grade Ⅲ malignancy. A highly significant association between tumor grades and HER2/neu status was seen in our study. A study conducted in Iran in 2006 to evaluate the frequency and staining pattern of HER2/neu protein overexpression in colon carcinoma by immunohistochemistry found HER2/neu positivity to be as high as 59.4% of cases. The association between HER2/neu protein overexpression and tumor grades was also highly significant (P = 0.04) in this study; 66.7% cases were grade Ⅰ, followed by 36%  grade Ⅱ malignancies. In higher grades, HER2/neu staining was decreased[20].

Half et al[21] conducted a study to assess HER2 expression in colon cancer. They documented cytoplasmic staining in 63.5% of primary tumors, with strong membranous staining observed in 5% of primary colorectal carcinomas. They also found significant correlation between HER2 positive overexpression (cytoplasmic staining) and tumor differentiation, as is the case in our study. The HER2 positivity in our study (66%) was much greater than that indicated in a study conducted in 2007, in which HER2/neu overexpression and gene amplification was assessed in 137 colorectal patients using immunohistochemistry and FISH. 47.4% subjects were determined to have overexpressed HER2/neu by immunohistochemistry. However, similar to our own study, a significant correlation of malignancy with HER2/neu overexpression was observed[22]. In a study which involved only gastric carcinoma, patients showed the even smaller percentage of only 18.8% patients with HER2 positive status, with a statistically insignificant association contrasting with our results in which a higher frequency, as well as significant association of HER2 positivity, was observed[23]. A Chinese study that included 145 patients with gastric carcinoma showed a total frequency of 32.4% positive HER2/neu protein overexpression, which was statistically significant. In this study, the evaluation of lymph nodes involvement was also assessed and found to be significantly associated with HER2/neu status[24].

Contrary to these results, our study showed an insignificant association of lymph node involvement and HER2/neu status (P = 0.572). Lymph nodes were identified in 24 subjects, of which 9 (37.5%) displayed lymph node metastasis. Among these, 6 (67%) were from group C, with the other 3 (33%) being from group A. Among the 9 subjects with lymph nodes metastasis, 8 (88.8%) were HER2 positive and 1 (11.1%) was HER2 negative. Of the 15 subjects with no lymph nodes metastases, 12 (80%) were HER2 positive and 3 (20%) were HER2 negative. In the above study, only gastric carcinoma patients were studied, and they were found to have significant association with lymph node involvement. In a Chinese study conducted in 2006, a significant association was found between HER2/neu protein overexpression, lymph node metastasis, and clinical stage[25]. Hence, lymph node involvement is generally considered in adenocarcinomas when HER2 protein overexpression is concerned. We were unable to establish this relationship statistically despite having a considerable frequency apparently involved with tumors. General cancer studies that were not GIT-related malignancies, particularly breast cancer, have also indicated possible involvement of HER2/neu in lymph node metastatic tumors[26].

McKay et al[27] studied HER2/neu protein overexpression in a large cohort of colorectal tumors and lymph node metastases. HER2/neu was expressed in 81.8% tumors. They did not find any correlation between HER2/neu protein overexpression and lymph node metastasis. The results were very similar to our study, especially with regards to the correlation between HER2/neu protein overexpression and lymph node metastasis.

Another study assessed how the expression of HER2/neu correlates with the stage of disease and survival in colorectal cancer. This study included 201 samples and found HER2 positivity status to be significantly associated with adenocarcinomas, similar to our study[28]. Ross et al[29] studied HER2/neu protein overexpression in gastrointestinal tract tumors. They found a wide range of HER2/neu protein overexpression in esophageal, gastric, and colon carcinomas. They concluded that either HER2/neu protein overexpression or gene amplification is associated with one-fourth of all GIT malignancies, and strategies should thus be designed to employ this marker in therapy selection. Among adenocarcinomas of the gastrointestinal system, colorectal and gastric carcinomas frequently present with protein overexpression of HER2/neu, and are reported to be affected by its presence as well[29].

From our study, it would appear that HER2/neu protein overexpression may play a crucial role in the therapeutic management of GIT adenocarcinomas, particularly in the colorectal region. Further studies are suggested to increase the knowledge in this area, assess other clinical dimensions of HER2/neu involvement, and to provide in depth impact evaluation of cancers. HER2/neu protein is credibly overexpressed in colorectal and gastric adenocarcinomas
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COMMENTS
Background
Colorectal carcinoma and carcinoma of the stomach are the most prevalent cancers worldwide as well as in Pakistan, where it has a poor prognosis. HER2/neu is an epidermal growth factor receptor 2, and its overexpression has been detected in gastric and colorectal carcinomas that are essential for understanding the biological behavior of HER2/neu on these cancers. Chemotherapy with Herceptin (trastuzumab) can improve the prognosis of patients, but a standardized HER2 scoring system is still required. This study on the role of HER2/neu in these malignancies, as well as its clinicopathological attributes, could help patient selection for clinicians performing targeted therapy using anti-HER2/neu drugs like Herceptin.

Research frontiers

Anti-HER2/neu therapy is playing a significant role in breast carcinoma and as a new treatment option for gastrointestinal malignancies in suitable candidates. The Food and Drug Administration has approved the use of Herceptin for the treatment of gastric and colorectal carcinomas. Many researchers have been evaluating HER2/neu positive patients daily via the accurate and reliable Immunohistochemistry scoring system for selection of Herceptin targeted therapy.

Innovations and breakthroughs

In Pakistan, there have been limited studies concerning the role of HER2/neu expression in patients with gastrointestinal (GIT) malignancies. The results show HER2/neu protein overexpression in high grade tumors and lymph node metastases, and these cases could represent ideal candidates for Herceptin targeted therapy.

Applications

HER2/neu overexpression is significantly associated with tumor grade. Therefore it could be applied as a reliable immunmarker, with patients overexpressing HER2/neu being potential candidates for new adjuvant monoclonal antibody-based targeted immunotherapy.

Peer review
The study design was valid and the data was sufficient to make a conclusion on the frequency of HER2/neu proteins overexpression in adenocarcinomas of the GIT system.
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Figure Legends
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Figure 1  HER2/neu overexpression in gastric carcinoma (HE, × 20). A: Photomicrograph showing well-differentiated non-mucinous colon adenocarcinoma; B: Photomicrograph showing expression of HER2/neu in well-differentiated non-mucinous colon adenocarcinoma; C: Photomicrograph showing the signet ring variant of stomach adenocarcinoma; D: Photomicrograph showing expression of HER2/neu in gastric carcinoma.
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Figure 2  HER2/neu overexpression in colon adenocarcinoma (HE, × 20). A: Photomicrograph showing well-differentiated mucinous colon adenocarcinoma, B: Photomicrograph showing expression of HER2/neu in well-differentiated non-mucinous colon adenocarcinoma; C: Photomicrograph showing the signet ring variant of colon adenocarcinoma; D: Photomicrograph showing expression of HER2/neu in colonic carcinoma.



Table 2  HER2/neu status and lymph nodes involvement


Lymph nodes


�
HER2/neu status


�
Total


�
�
�
+Ve


�
-Ve


�
�
�
Tumor involvement


�
  8


�
1


�
  9


�
�
No tumor involvement


�
12


�
3


�
15


�
�
Total


�
20


�
4


�
24


�
�
2 = 0.320; P = 0.572.





Table 3  HER2/neu status and morphological types


Morphological type grade of tumor


�
HER2/neu status


�
�
�
Positive


�
Negative


�
Total


�
�
Grade-


�
�
�
�
�
Ⅰ


�
11


�
  5


�
16


�
�
Ⅱ


�
18


�
  8


�
26


�
�
Ⅲ


�
  4


�
  4


�
  8


�
�
Total1


�
33


�
17


�
50


�
�
Adenocarcinoma (NOS)


�
16


�
13


�
29


�
�
Mucinous adenocarcinoma


�
  5


�
  2


�
  7


�
�
Adenocarcinoma (signet ring variant)


�
 5


�
  1


�
  6


�
�
Adenocarcinoma (intestinal variant)


�
  3


�
  0


�
  3


�
�
Papillary adenocarcinoma


�
  2


�
  0


�
  2


�
�
Adenocarcinoma neuroendocrine differentiation


�
  2


�
  0


�
  2


�
�
High grade neuroendocrine carcinoma


�
  0


�
  1


�
  1


�
�
Total2


�
33


�
17


�
50


�
�
12 = 22.906; P = 0.0000; 22 = 15.062; P = 0.0000.





�





Table 1  Positive intensity of HER2/neu staining with respect to study group age


Intensity of HER2/neu staining


�
Study groups


�
�
�
Group A


�
Group B


�
Group C


�
Total


�
�
No stain or membrane staining < 10% (0)


�
  1


�
8


�
  8


�
17


�
�
Weak staining ≥ 10% (1+)


�
  2


�
0


�
  6


�
  8


�
�
Moderate staining ≥ 10% (2 +)


�
  6


�
0


�
  7


�
13


�
�
Strong staining ≥ 10% (3 +)


�
  2


�
0


�
10


�
12


�
�
Total 


�
11


�
8


�
31


�
50


�
�
Mean age (yr)


�
52.81 ± 9.41


�
50.25 ± 9.41


�
46.51 ± 15.92


�
48.50 ± 13.62


�
�
Minimum age (yr)


�
    40.00


�
    45.00


�
     17.00


�
     17.00


�
�
Maximum age (yr)


�
    70.00


�
    60.00


�
     75.00


�
     75.00


�
�
2 = 19.49, P value = 0.000 (regarding ratio of positivity among different groups); 2 = 23.023, P = 0.001 (regarding intensity of positivity among different groups). Group A: Gastric; Group B: Small intestine; Group C: Colorectal; Score 0: Negative HER2/neu protein overexpression; Score 1+, 2+, and 3+: Positive HER2/neu protein overexpression.








