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Gastric carcinoma resections are common, with gastric 
adenocarcinoma representing 80-90% of all gastric carcinoma 
subtypes.1 Distinct differences in the immunohistochemical 
profile and prognosis are demonstrated in these malignant 
tumours, dependent, in part, on their morphology, 
demographic distribution and underlying genetic aberrations. 
The occurrence of gastric carcinoma in South Africa, and in 
particular within the Western Cape province, has not been 
well documented.

The Lauren classification categorises gastric 
adenocarcinomas into intestinal and diffuse subtypes, based 
on their histopathological morphology, while tumours with 
equal proportions of intestinal and diffuse morphology are 
regarded as a mixed subtype.2 

The incidence of gastric carcinoma varies widely. Defined 
high- and low-risk areas have been identified. High-risk areas 
include Japan, China, Chile and Portugal. Low-risk areas 
include the USA and the UK. South Africa is considered to be 
a low- to intermediate-risk region, with an incidence rate of 
12 gastric carcinomas per 100 000 population per year.3  

Gastric carcinoma is predominantly a disease of the 
middle-aged and elderly, with a mean age at presentation of 
52 years. There is a strong male predominance, with a 2:1 
male to female ratio.4 Gastric carcinomas do not commonly 
occur in patients aged ≤ 40 years, accounting for less than 
5% of cases.5,6 These early-onset cases differ in their sex 
incidence (with either an equal male to female ratio, or 
female predominance), morphology (diffuse type, rather than 
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intestinal type) and poor differentiation. Generally, they are 
associated with a poor prognosis. It was shown in a study by 
Matley et al.5 that this holds true for cases seen within the 
Western Cape, South Africa. 
The Wnt signalling pathway is a cellular signal transduction 
system comprising a family of protein ligands which play 
a critical role in embryogenesis, cell migration, tissue 
homeostasis and neoplasia. Canonical (β-catenin-dependent) 
and noncanonical signalling pathways (β-catenin independent) 
are present, with the β-catenin-dependent pathway most 
frequently involved in neoplasia and malignancy through its 
role in the nuclear translocation of β-catenin. Two β-catenin 
pools are present within human cells. The membrane-bound 
pool, through its interaction with the epithelial-cadherin 
(E-cadherin) cell adhesion molecule, aids in cell-cell 
interaction by binding to the actin cytoskeleton. A second, 
Wnt-regulated β-catenin pool is present within the cytoplasm. 

β-catenin is phosphorylated in the absence of Wnt 
signalling, resulting in its eventual proteosomal degradation 
via an E3 ubiquitin ligase process. Glycogen synthase 
kinase 3β (GSK-3β) and casein kinase 1 α (CK1α) mediate 
the process of phosphorylation by interaction with the axin 
and adenomatous polyposis coli (APC) proteins, ultimately 
forming an APC–axin–GSK-3β–CK1α complex. There is the 
formation of a WNT-FZD-LRP5/6 trimer with Wnt binding to 
Frizzled (FZD) via low-density lipoprotein-related receptors 5 
and 6 (LRP5/6). Subsequently, FZD binds to Dishevelled, and 
there is phosphorylation of the cytosolic tail of LRP5/6. The 
phosphorylated LRP5/6 then binds to axin, and inactivates 
the APC–axin–GSK-3β–CK1α complex. β-catenin remains 
unphosphorylated, and accumulates within the cellular 
cytoplasm. Nuclear translocation of β-catenin then occurs, 
whereupon it acts as a potent transcription co-regulator 
through its interaction with the nuclear transcription factors. 

E-cadherin is a member of the cadherin superfamily, 
serving as the main epithelial intercellular adhesion molecule. 
It consists of extracellular, transmembrane and intracellular 
domains. The intracellular domain links E-cadherin to 
the Wnt signalling pathway via its binding of β-catenin. 
In a normal state, E-cadherin acts as a tumour suppressor 
gene through the maintenance of cell-cell adhesion and 
sequestration of β-catenin on the cell membrane. When 
E-cadherin expression is downregulated, loss of E-cadherin 
results in the release of β-catenin into the cytoplasm, with 
the translocation of β-catenin into the nucleus, and the 
upregulation of epithelial-mesenchymal-related transcription 
factors. These transcription factors cause a change in 
phenotype from a cohesive epithelial cell to a motile and 
discohesive mesenchymal cell which has increased stromal 
invasive abilities. Loss of E-cadherin expression, which 
can be demonstrated by immunohistochemical staining, is 
associated with poor tumour differentiation, increased tumour 
grade, increased metastasis and poorer prognosis.

Aberrations in β-catenin and E-cadherin are integral to 
the molecular pathogenesis of gastric adenocarcinoma. A 
genotype-phenotype correlation is present, with a strong 
association noted between nuclear β-catenin accumulation 

and intestinal type adenocarcinomas.7 Additionally, 
the downregulation of E-cadherin and the loss of 
immunohistochemical membrane staining is seen in diffuse-
type gastric adenocarcinomas.8

HER2/neu is an oncogene on chromosome 17q12–q21. 
Approximately 20% of gastric adenocarcinomas overexpress 
HER2/neu. Overexpression of HER2/neu can be assessed 
by both immunohistochemistry and fluorescence in situ 
hybridisation (FISH) techniques, with a strong concordance 
between the two.9 Molecular therapy that targets  
HER2/neu [anti-HER2/neu monoclonal antibody trastuzumab 
(Herceptin®)] is currently approved for the treatment 
of advanced gastric adenocarcinoma and metastatic 
gastric adenocarcinoma if the carcinoma demonstrates 
unequivocal evidence of HER2/neu overexpression 
by immunohistochemistry, or amplification by FISH.  
HER2/neu testing criteria for the determination of 
overexpression and amplification were validated in 
the multinational study of Herceptin® (trastuzumab) 
in combination with chemotherapy compared with 
chemotherapy alone in patients with HER2-positive advanced 
gastric or gastro-oesophageal junction cancer (ToGA),10 with 
immunohistochemically determined overexpression equating 
to a score of 3+. It has been shown in large studies that 
HER2/neu overexpression was associated with intestinal-type 
morphology, decreased patient survival and an overall poorer 
prognosis.9,11 

Method
Ethics approval was obtained from the Human Research Ethics 
Committee, Faculty of Health Sciences, University of Cape 
Town (Reference Number 504/2009), as part of the broader 
study proposal titled, Molecular analysis and identification of 
biomarkers from formalin-fixed, paraffin-embedded gastric 
cancers, whereafter a retrospective study was undertaken. 

Scientific approval of the research proposal for this project 
was obtained from the research committees of both the 
Department of Clinical Laboratory Sciences, and the Faculty 
of Health Sciences, University of Cape Town.

A computerised search of the DISA database of the Division 
of Anatomical Pathology, University of Cape Town/National 
Health Laboratory service was performed, searching for 
gastric carcinoma resections between January 2003 and 
December 2011. Ninety-seven gastric carcinoma resections 
were reviewed. All of the cases were confirmed as gastric 
adenocarcinomas. The tumours were morphologically 
subclassified into the representative categories of intestinal-, 
diffuse- or mixed-type adenocarcinomas, and all tumours 
graded and staged based on the (2009) seventh edition of 
the Tumor-Node-Metastasis Classification of Malignant 
Tumours.12

Gastric adenocarcinomas were defined as a primary 
malignant epithelial neoplasm demonstrating glandular 
differentiation, either through the formation of neoplastic 
glands, or by the presence of discrete intracellular mucin. 
Intestinal-type tumours were characterised by mitotically 
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active epithelial cells with large nuclei, prominent nucleoli 
and intracytoplasmic mucin. The tumour cells formed glands, 
nests, sheets and tubules.

Diffuse-type tumours were characterised by linear cords of 
poorly cohesive or discohesive epithelial cells, with moderate 
to severe nuclear hyperchromasia and minimal clear to pale 
eosinophilic cytoplasm. Signet-ring morphology was often 
apparent. Gland formation was inconspicuous. Small glands 
within the superficial regions of the neoplasm were found in 
occasional tumours. 

Equal proportions of intestinal- and diffuse-type 
morphology were reported in mixed-type tumours. Grade 
1 tumours were well differentiated adenocarcinomas, with  
|≥ 95% of the tumour comprising glands. Grade 2 tumours 
were moderately differentiated adenocarcinomas, with  
50–95% of the tumour comprising glands. Grade 3 tumours 
were poorly differentiated adenocarcinomas, with 49% or 
less of the tumour comprising glands. Thus, all diffuse-type 
tumours were poorly differentiated.

All cases were immunohistochemically stained with antibodies 
directed against β-catenin, E-cadherin extracellular domain 
(36B5), E-cadherin cytoplasmic domain (36/E-cadherin) and 
HER2/neu (Table 1), using standard and well established 
immunohistochemical staining protocols. 

β-catenin staining was scored summatively using the Jass 
scoring system, with a maximum score of 5. One point was 
allocated for loss of cell membrane staining; 1 for a slight 
increase in cytoplasmic staining, 2 for a marked increase 
in cytoplasmic staining; 1 for slight nuclear staining, and 
2 for pronounced nuclear staining. Cases scoring 4 or 
more were regarded as positive for abnormal β-catenin 
immunolocalisation.13

Membranous, or a combination of membranous and 
cytoplasmic staining, represented normal E-cadherin 
extracellular domain localisation. Cytoplasmic, or a 
combination of membranous and cytoplasmic staining, 
represented normal E-cadherin cytoplasmic domain 
immunohistochemical staining. Any deviation from these 

Table 1: Primary antibodies for immunohistochemical staining

Primary antibody Clone Supplier Antigen retrieval Dilution Incubation 
time 

Positive 
external 
control

β-catenin 17C2 
(monoclonal) Novocastra EDTA 1:20 1 hour Normal breast

E-cadherin 
(extracellular domain)

36B5 
(monoclonal) Novocastra EDTA 1:20 1 hour Normal 

prostate

E-cadherin 
(cytoplasmic domain)

36/E-cadherin 
(monoclonal)

BD 
Biosciences EDTA 1:100 1 hour Normal skin

HER2/neu AO485 
(polyclonal) Dako EDTA 1:200 1 hour Breast 

carcinoma

Table 2: The criteria used in ToGA to score HER2/neu expression by immunohistochemistry

HER2/
neu score Immunohistochemical staining pattern in surgical specimen HER2/neu expression assessment

0 No reactivity or membranous reactivity in ≤ 10% of the tumour cells Negative for overexpression by 
immunohistochemistry

1+ Faint or barely perceptible membranous reactivity in ≥ 10% of tumour 
cells. The cells are reactive in only part of their membrane

Negative for overexpression by 
immunohistochemistry

2+ Weak to moderate complete, basolateral or lateral membranous 
reactivity in  ≥ 10% of the tumour cells

Equivocal for overexpression by 
immunohistochemistry

3+ Strong complete, basolateral or lateral membranous reactivity in   
≥ 10% of the tumour cells

Positive for overexpression by 
immunohistochemistry
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staining patterns, including absent staining, was considered to 
be aberrant cellular localisation.

HER2/neu immunohistochemical staining was scored 
according to the criteria used in ToGA.10  This scoring system 
is summarised in Table 2.

Fisher’s exact test, the Shapiro-Wilk test, the Bonferroni 
correction and chi-square test were used in the analysis of 
variables. Computerised statistical analysis and interpretation 
was performed using Stata® 12.0 statistical software. The 
results were considered statistically to be significant when  
p = ≤ 0.050.

Results
All 97 cases were confirmed as gastric adenocarcinomas, 
comprising 39 intestinal (Figure 1), 51 diffuse (Figure 2) and 
seven mixed-type adenocarcinomas (Figure 3). The findings 
are summarised in Table 3.

The age range for all cases combined was 18–84 years, with 
a mean age of 57 years. The age range varied from 32 – 84 
years for intestinal-type adenocarcinomas, with a mean age 
of 63 years. An age range of 33–82 years, with a mean age 
of 55 years, was reported for diffuse-type adenocarcinomas, 
and 18–57 years, with a mean age of 45 years, for mixed-type 
gastric adenocarcinomas. Statistically significant differences 
were noted when comparing age in the intestinal and diffuse 
gastric adenocarcinoma subtypes (p = 0.007), and between 
intestinal and mixed subtypes (p = 0.002).

When all cases of gastric carcinoma were compared, more 
men (53%) than women (47%) were afflicted. Intestinal-type 
gastric adenocarcinomas were noted in more men (62%) than 
women (38%), while there was a female predominance in 
diffuse- and mixed-type tumours, i.e. 57% each. However, 
statistically significant differences were not reported when the 
tumour subtypes were compared by gender.

Figure 1: Intestinal-type gastric adenocarcinoma 
(haematoxylin and eosin staining, 400 x magnification), 
forming tubules lined by large tumour cells with eosinophilic 
cytoplasm and prominent nucleoli

Figure 2: Diffuse-type gastric adenocarcinoma (haematoxylin 
and eosin staining, 400 x magnification), showing discohesive 
tumour cells with an eccentric nucleus displaced by 
intracytoplasmic vacuoles

Figure 3: HER2/neu (immunohistochemical staining, 200x 
magnification), showing complete strong membranous 
staining in 100% of the tumour cells in intestinal-type gastric 
adenocarcinoma

Sixty seven per cent of the intestinal-type tumours were grade 
1 or 2 cancer, while 100% of the diffuse-type carcinomas 
were grade 3. All of the mixed-type tumours were poorly 
differentiated. A significantly higher proportion of diffuse-
type tumours was poorly differentiated, i.e. grade 3 (p = 
≤ 0.000), when compared to intestinal-type tumours. Poor 
differentiation, i.e. grade 3, was demonstrated in a significantly 
greater proportion of mixed-, compared to intestinal-type 
tumours.

Lymph nodes were recovered in 94 of the 97 gastrectomy 
specimens. Regional lymph node metastases were found in all 
of the tumour subtypes, and detected in 62% of the intestinal-, 
61% of the diffuse-, and 85% of the mixed-type tumours. 
Statistically significant differences were not reported for 
regional lymph node metastases in the tumour subtypes in the 
94 cases where lymph nodes were recovered.
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HER2/neu immunohistochemical staining was performed 
for all 97 cases. Twelve (12) of the 97 cases demonstrated 
3+ immunopositivity (Figure 3), and thus were considered to 
overexpress HER2/neu. These cases comprised nine intestinal- 
and three diffuse-type tumours. HER2/neu overexpression 
was shown in a significantly greater proportion (p = 0.017) of 
the intestinal-type tumours (23%), compared to the diffuse-
type tumours (6%). 

Abnormal localisation of β-catenin, as detected by 
immunohistochemistry, was shown in 14 of the 97 
gastric adenocarcinoma cases (14%). Abnormal β-catenin 
immunolocalisation was noted in all three gastric 

adenocarcinoma subgroups, occurring in 13%, 16% and 
14% of the intestinal-, diffuse- and mixed-type tumours, 
respectively. A statistically significant difference was not 
evident with respect to β-catenin immunolocalisation in the 
tumour subgroups.

Aberrant E-cadherin (extracellular domain) localisation 
occurred in 36 of the 97 cases (37%). Diffuse-type 
morphology (p = ≤ 0.001) was noted in a significantly higher 
proportion of the cases. Aberrant E-cadherin (cytoplasmic 
domain) localisation occurred in seven of the 97 cases (7%) 
cases. Diffuse-type morphology was demonstrated in six of 
these cases, a significantly high proportion of these cases  

Table 3: A summary of the findings*

Characteristics
All cases Intestinal type Diffuse type Mixed type

n (%) n (%) n (%) n (%)
Men 51 (53) 24 (62) 22 (43) 3 (43)
Women 48 (47) 15 (38) 29 (57) 4 (57)
Tumour grading 
Grade 1 (well differentiated) 2 (1) 2 (5) 0 (0) 0 (0)
Grade 2 (moderately differentiated) 26 (27) 26 (67) 0 (0) 0 (0)
Grade 3 (poorly differentiated) 69 (72) 11 (28) 51 (100) 7 (100)
Tumour infiltration 
pT1 12 (12) 4 (10) 8 (16) 0 (0)
pT2 42 (44) 20 (51) 19 (37) 3 (43)
pT3 40 (41) 15 (39) 22 (43) 3 (43)
pT4 3 (3) 0 (0) 2 (4) 1 (14)
Lymph node status (% of tumour subtype)
Positive for nodal metastasis 61 (63) 24 (62) 31 (61) 6 (85)
Negative for nodal metastasis 33 (34) 13 (33) 19 (37) 1 (15)
No lymph nodes present 3 (3) 2 (5) 1 (2) 0 (0)
HER2/neu immunohistochemistry
Positive for overexpression 12 (12) 9 (23) 3 (6) 0 (0)
Negative or equivocal for overexpression 85 (88) 30 (77) 48 (94) 7 (100)
E-cadherin (cytoplasmic domain)
Normal localisation 89 (92) 37 (95) 45 (88) 7 (100)
Abnormal localisation 8 (8) 2 (5) 6 (12) 0 (0)
E-cadherin (extracellular domain)
Normal localisation 61 (63) 32 (82) 22 (43) 7 (100)
Abnormal localisation 36 (37) 7 (18) 29 (57) 0 (0)
β-catenin localisation
Normal localisation 83 (86) 34 (87) 43 (84) 6 (86)
Abnormal localisation 14 (14) 5 (13 ) 8 (16) 1 (14)

*Number of cases: All cases (97), intestinal type (39), diffuse type (51) and mixed type (7)
Age range (years): All cases (18–84), intestinal type (32–84), diffuse type (33–82) and mixed type (18–57)
Mean age (years) ± standard deviation: All cases (57.1 ± 13.7), intestinal type (63.1 ± 12.9), diffuse type (54.5 ± 12.5) and 
mixed type (45 ± 12.9)
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(p = 0.023). Therefore diffuse morphology was often 
associated with E-cadherin derangement.

Mixed-type tumours demonstrating aberrant β-catenin 
and E-cadherin (extracellular and cytoplasmic domain) 
immunolocalisation, were reported to have deranged 
immunostaining in both the intestinal and diffuse tumoural 
components, mirroring the staining patterns expected for 
diffuse-, rather than intestinal-type, adenocarcinomas.

There was a statistically significant correlation (p = 0.002) 
in all of the tumour subtypes with regard to the abnormal 
immunolocalisation of the E-cadherin cytoplasmic domain and 
the E-cadherin membranous domain. In addition, a statistically 
significant (p = 0.023) proportion of the diffuse-type tumours 
was reported to have abnormal immunolocalisation of both the 
E-cadherin clones. There was no significant correlation in the 
intestinal- and mixed-type tumours for immunolocalisation of 
the two E-cadherin domains.

Eleven cases (11%) of gastric adenocarcinoma were 
identified in patients aged ≤ 40 years, comprising 9 intestinal-
type tumours (82%), 1 diffuse-type tumour (9%) and  
1 mixed-type tumour (9%). Six adenocarcinomas (54%) 
were reported in women and 5 (46%) in men. One tumour 
(9%) was grade 2 cancer, and 10 tumours (91%) were  
grade 3. Seven of the eleven cases (64%) demonstrated aberrant 
E-cadherin (extracellular domain) immunolocalisation. This 
was significantly greater (p = 0.025) compared to aberrant 
immunolocalisation in tumours in patients aged ≥ 40 years. 
Significant differences (p = 0.933) in aberrant E-cadherin 
(cytoplasmic domain), β-catenin (p = 0.732) or HER2/neu  
(p = 0.789) immunolocalisation were not found between the 
two age groups.

Discussion
This study highlights epidemiological and morphological 
differences in cases of gastric adenocarcinoma occurring 
within the Western Cape province, compared to those 
reported in the global literature, with a higher proportion of 
carcinomas in young adults, with a higher female incidence, 
and with a higher incidence of tumours in which diffuse-type 
morphology was demonstrated. 

The age range for all cases was 18–84 years, with a mean 
age of 57 years, similar to findings described in a cohort of 
34 cases of gastric carcinoma in a South African study, thus 
confirming that gastric adenocarcinoma is a disease of the 
middle-aged and elderly.5 Gastric carcinomas in patients aged 
≤ 40 years are uncommon. However, a higher proportion 
of young gastric adenocarcinoma (11%) was noted in our 
study cohort, when compared to the 5–6% described in the 
literature.4 Ninety per cent of the tumours occurring in patients 
aged ≤ 40 years were grade 3 cancer, confirming the findings 
described in a previous Western Cape cohort5 and within the 
broader literature.6

There were more men (53%) than women (47%) in the study 
cohort, with a male to female ratio of 1.1:1.0. This finding 
differs markedly from the 2:1 male to female ratio described 
in the Surveillance, Epidemiology, and End Results database.4

Diffuse-type adenocarcinomas predominantly occur in 
epidemiologically low-risk regions, and intestinal-type 
tumours in high-risk areas.14 South Africa is considered 
a low- to intermediate-risk region for the development of 
gastric carcinoma.3,15 Diffuse-type morphology was reported 
for 53% of cases within our study. Corroboratively, 72% of 
our cases were reported to be grade 3 cancer. Statistically 
significant differences in immunohistochemically detected 
HER2/neu overexpression were noted between the tumour 
subgroups. Overexpression was demonstrated in 12% of the 
total cases, which included a significant nine of 39 (23%) 
intestinal-type tumours, compared to only three of 51 cases 
of diffuse-type tumours in which overexpression was shown. 
These findings correlate well with previous reports in the 
literature, confirming the morphological-immunophenotypical 
association of HER2/neu overexpression and intestinal-
type morphology. In addition, the findings are similar to the 
reported proportion (15–25%) of gastric carcinomas in which 
HER2/neu is overexpressed.9

Targeted therapy (trastuzumab) is currently approved for the 
treatment of advanced gastric adenocarcinoma and metastatic 
gastric adenocarcinoma if the carcinoma demonstrates 
unequivocal evidence of HER2/neu overexpression by 
immunohistochemistry, or amplification by FISH. Thus, 
knowledge of HER2/neu status plays an integral role in 
patient management through the identification of patients who 
may benefit from molecular targeted therapy.

The highlights of the study were as follows:
•	 Gastric adenocarcinoma in the Western Cape is 

predominantly a disease of the middle-aged and elderly. 
However, when compared to other populations, a higher 
proportion of the tumours occurred in younger patients. 

•	 A higher proportion of grade 3 intestinal-type 
tumours was reported in younger patients with gastric 
adenocarcinoma, together with deranged E-cadherin 
immunolocalisation, compared to that in older patients.

•	 Intestinal-type morphology was often associated with 
tumours in which HER2/neu was overexpressed.

•	 Aberrations in E-cadherin immunolocalisation, either 
involving the E-cadherin extracellular domain alone, or 
resulting from combined defects in both the cytoplasmic 
and extracellular domains, were demonstrated in diffuse-
type tumours. 

•	 The Wnt signalling pathway is deranged in gastric 
adenocarcinoma.
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