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ABSTRACT

Introduction: Gastric cancer (GC), as a multifactorial disease, exhibits a complex pathogenesis, having intra and inter-
tumor heterogeneity, challenging the efficacy of current treatments. GC is a major global health problem, and better 
diagnostic and therapeutic strategies are needed, leading to further biomarkers research associated with innovative 
targeted therapies. Our aim was to study human epidermal growth factor receptor 2 (HER2), Epstein Barr virus (EBV), 
and CD34 expression in GC samples to understand the relationship between these markers and relate them with the 
clinicopathological characteristics.

Methods: Thirty samples of primary carcinoma gastrectomy cases performed between February 2017 and December 
2021 at the Hospital Distrital da Figueira da Foz, EPE, were studied after approval by the Ethics Committee. 
Immunohistochemistry assays were performed in sections of the selected tumor representative samples.

Results: All samples were negative for EBV and only two GC samples were positive for HER2. A significant statistical 
relationship was found between gender and CD34+ stroma cells. Microvascular density and stroma CD34+ cells pre-
sented relations with clinicopathological features and a positive tendency between them. Our study was able to identify 
a relationship between CD34+ stroma cells and females.

Conclusion: With this study, we mainly explored the potential role of CD34 as a biomarker in GC and projected possible 
associations of prognostic and therapeutic value toward other HER2 and EBV markers.
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INTRODUCTION
Over 1 million cases of gastric cancer (GC) were diagnosed 
worldwide during the year 2020, being the 5th most com-
mon cancer in the world, with a remarkably high mortal-
ity rate and male predisposition (1). The global incidence 
of GC shows a wide variability of geographical distribu-
tion, with Asian countries having the greatest number of 
cases (2,3). More than 95% of GC are adenocarcinomas, 
which are typically classified based on anatomic location 
(cardia/proximal or noncardia/distal) and histologic type 
(diffuse or intestinal) (4). The distinction of the various 
GC subtypes is relevant in terms of prognosis and therapy 
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approach, as each type differs in clinical, genetic, epidemi-
ology, and invasive features (3,5,6).
As a multifactorial disease, the development of GC is 
influenced by several risk factors such as diet, alcoholism, 
smoking, and others, Helicobacter pylori infection is the 
best-described risk factor for non-cardia cancer since it causes 
chronic inflammation of the mucosa leading to progression 
to atrophic gastritis and intestinal metaplasia, pre-neoplastic 
predispositions. Whereas gastroesophageal reflux disease 
has evidenced a correlation with cardia GC (3,5). Another 
GC-associated pathogen, the Epstein Barr Virus (EBV), is 
also noteworthy, since its infection is associated with a better 
prognosis due to an outstanding response to immune check-
point inhibitors, as it promotes a tumoral stroma containing 
an inflammatory infiltrate, mostly of lymphocytes (6–10).
Although GC is mostly sporadic, approximately 10% 
of diagnosed GC cases have an associated family history, 
some of which result from inherited germline mutations. 
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Hereditary diffuse GC is the best-known form of hered-
itary GC, often found in individuals with mutations in 
the gene encoding E-cadherin. In these cases, prevention 
is achieved through earlier screening and molecular stud-
ies to identify mutations of higher genetic predisposition, 
compared to sporadic cancers where eradication of H. pylori 
and improved dietary practices are the most adopted mea-
sures (3,5).
GC is most effectively diagnosed by endoscopy of the gas-
trointestinal tract for evaluation of the gastric mucosa and 
biopsy of suggestive lesions. Staging should be performed by 
characterizing the lesion observed, and TNM classification. 
According to the stage defined, more adequate prognosis 
and therapeutics can be used (2–4). Currently, surgery with 
complete tumor resection is the only cure, however, remis-
sion is quite common and not all patients are eligible as 
most of them have late diagnoses presenting locally advanced 
unresectable and metastatic forms of GC. Chemotherapy 
holds important value as a neoadjuvant and adjuvant ther-
apeutic modality for gastric adenocarcinomas, respectively 
allowing previous unresectable patients to undergo gastrec-
tomy and minimizing possible recurrences (2–4). Despite 
substantial progress in medical oncology, the clinical out-
come of GC patients remains poor so the development of 
better therapeutic strategies is needed, leading to further 
investigation of this disease pathogenesis (5,6,11).
The accentuated intra and inter-tumor heterogeneity creates 
difficulties in understanding the mechanisms of carcino-
genesis involved. Overexpression of growth factors and/or 
receptors, alterations in DNA damage response, and loss of 
genomic stability are the mainstays of GC (3,12). One of 
the most frequently affected genes is TP53, which causes 
the loss of function of a major tumor suppressor gene. 
Several other mutations also present that characterize the 
molecular complexity of this pathology. Such as mutations 
in Ras homolog gene family, member A (RHOA) that mod-
ulates apoptosis and cell motility, and alterations in other 
genes that reflect features of programme death-Ligand 1 
(PD-L1) or PD-L2 overexpression and immune cell infil-
tration, and among others, epidermal growth factor recep-
tor 2 (HER2) overexpression (2,12).
HER2 positive GC is a unique subtype of the disease, which 
demonstrates increased expression of the human HER 
affecting its crucial role in the cell signalling processes that 
control normal growth and development (11,13). As this 
transmembrane glycoprotein does not have a specific acti-
vating ligand and the heterodimerization with other family 
members (HER1 and/or HER3) seems to be able to consti-
tutively activate this receptor, easily a continuous activation 
of HER2 receptors and cellular pathways involved occurs, 
such as mitogen-activated protein kinase, protein kinase C, 
and phosphatidylinositol-4,5-bisphosphate 3-kinases pro-
moting cell survival, angiogenesis, and metastasis. When 
overexpression is detected, HER2 is suggestive of poor 
prognosis and enhanced tumor invasiveness (11,14–16).
Interestingly, some studies suggest that HER2 overexpres-
sion is not usually coexistent with GC positive for EBV 
infection. Emphasizing the value of such biomarkers in 
screening programs, as they may serve as a key to identify-
ing patients with better therapeutic outcomes (7,8,10). The 
potential of targeted therapies has already been explored in 

other types of cancer, such as successful anti-HER2 therapy 
in breast cancer (BC). Trastuzumab is the best-known and 
widely used monoclonal antibody against HER-2 receptors, 
however, in GC, it does not offer desirable performance. 
Thus, the investigation of possible combination therapies 
appears to be an innovative approach to maximizing their 
efficacy (11,13,17).
Considering the importance of angiogenesis for cancer pro-
gression by sustaining tumor growth and metastasis, the 
optimization of anti-angiogenic therapies is relevant for 
tumor containment. As these therapies have limited effi-
cacy, it is necessary to select patients who can benefit from 
them (13,17). In malignant tumors, angiogenesis can be 
studied by microvascular density present (MVD), microvas-
cular area size, or by quantification of angiogenic molecules 
and receptors in tumor tissue. Since CD34 is an endothe-
lium marker with high sensitivity and strong expression in 
small vessels, it represents a useful indicator of MVD and, 
consequently, the extent of angiogenesis (13,17,18). CD34 
is also widely known as a marker of immaturity, promi-
nent in other progenitor cells and hematopoietic cells, with 
expression associated with high proliferation and regulation 
of cell differentiation. Although it cannot characterize a 
phenotype of an encountered stem cell population in iso-
lation, it is a useful identifier of progenitor cells, that have 
an important involvement in cancer progression (19,20).
Of relevance is also the association of CD34 with tertiary 
lymphoid organs (TLS), strongly organized structures 
that allow interactions between recirculating T and B cells 
and antigen-presenting cells (APC), since their functions 
depend fundamentally on the activity of specialized stro-
mal cell populations, including CD34-positive stromal 
cells. The formation of these structures usually indicates 
an adaptation of the organism to an increased require-
ment for a localized immune response, which makes their 
study interesting, since most solid tumors have a reactive 
stroma (19,21,22).
The HER2 overexpression is associated with more intense 
angiogenesis, so it would make the application of effective 
therapies targeting HER2 and angiogenesis possible in GC 
patients who express concomitantly these conditions (13). 
The correlation between HER2 overexpression and the 
intensity of angiogenesis at the molecular level had been 
demonstrated in BC, but in GC, it is still under investiga-
tion (13,17).
Our aim was to study HER2, EBV and CD34 expression in 
GC samples to better understand the relationship between 
these markers as well as to relate them with the clinicopath-
ological characteristics, as they might have a potential role 
for combined targeted therapy in GC patients.

METHODS
In this retrospective study, we analyzed 30 samples of pri-
mary carcinoma gastrectomy cases performed between 
February 2017 and December 2021 at the Hospital Distrital 
da Figueira da Foz, EPE (HDFF, EPE), after approval by 
the Ethics Committee (OBS.SF.054-2022) while respect-
ing the principles of the Declaration of Helsinki, ensur-
ing maximum protection and confidentiality of the data 
obtained by the participants.
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low magnification (xlOO) as areas with the highest density 
of CD34+ cells. The interpretation was based on the Weiner 
method’s criteria, with only considering the blood vessels in 
the stroma of the tumor, surrounded by malignant glands, 
with a clearly defined lumen or a linear vessel shape, but 
not single endothelial cells. The MVD value is represented 
by the mean count of vessels immunolabeled with CD34 in 
each case (23,24). Regarding CD34 expression in stromal 
cells, the interpretation of immunoreactivity used vascular 
endothelial cells as positive internal control, to define low 
or high expression of the marker compared to the basal 
expression verified (22).
In contrast, cells are simply interpreted as positive or neg-
ative for EBV infection, depending on the presence of 
staining.
The relationship of the expression pattern between the 
studied markers was determined using statistical methods 
and measures for which the analyses were performed using 
IBM Statistical Package for the Social Sciences version 28.0 
for Windows.
To establish the CD34+ stroma expression with the clinico-
pathological characteristic data, such as gender, diagnosis, 
and TMN classification: Metastasis, a Chi-square test was 
applied. The remaining features, such as anatomic local-
ization of the lesion, differentiation grade, stage, TMN: 
Lymph node status, age, type of treatment, and DFS were 
studied by the Mann–Whitney U test. Only the OS rela-
tion was determined by a different test, t-student, as the 
criteria for applying parametric measures were fulfilled.
For the relation between MVD measurement and clinico-
pathological characteristics data, such as gender, diagno-
sis, anatomical location of the lesion, cell differentiation, 
TMN classification: Metastasis, and treatment type, the 
Chi-square test was applied. While the rho-spearman cor-
relation test was applied to the rest features of the stage, 
TMN: Lymph node status, age, DFS, and OS. The rela-
tionship among the markers, CD34+ stroma cell expression, 
and MVD was measured through a t-student test since the 
requirements for parametric measures were met.
To obtain a more concise analysis, the TMN classification 
was considered only for the presence or absence of nodular 
infiltration and metastases.
Other statistical data relevant, such as the mean, median, 
standard deviation, frequency tables for qualitative vari-
ables, or quartiles for quantitative variables, were calculated 
using descriptive statistical measures. The interpretation of 
these statistical data is significant, at p < 0.05.

RESULTS
A total of 30 patients with primary CG from HDFF and 
EPE were included in this retrospective study to access 
HER2 status, CD34, and EBV infection. All clinicopath-
ological data used in this investigation were collected from 
medical records, with tumor staging based on the American 
Joint Committee on Cancer Staging Manual. The clinico-
pathological characteristics of all patients studied are sum-
marized in Table 1. In the 30 GC patients, the median age 
observed was 72.37 years (from min.=34 to max.=89 years), 
with a higher incidence in males (n = 17, 56.7%).

The clinicopathological features of the cases, regarding age, 
gender, diagnosis, anatomic localization of the lesion, dif-
ferentiation grade, stage, TMN classification (specifically 
lymph node infiltration and metastasis), type of treatment, 
disease-free survival (DFS), and overall survival (OS) were 
included in the analysis, considered relevant for further 
tumor characterization.
Samples were prepared according to laboratory routine, 
fixed in formalin with 10% neutral buffer, and embedded 
in paraffin. After the appropriate histological process, rou-
tinely stained Hematoxylin and Eosin (HE) specimens were 
analyzed by pathologists to select those with a representa-
tive area of GC lesion.
Conventional 4µm histological sections of the selected 
samples were made (“Leica RM2125 Rotary Microtome”) 
to perform the immunohistochemistry (IHC) on appropri-
ate adhesive slides (Matsunami TOMO, Japan) conducted 
in automated equipment “Ventana BenchMark Ultra” 
(Roche, USA), according to manufacturer’s instructions.
The biomarkers of interest, HER2, CD34, and EBV are 
studied by commercial antibodies anti-HER2, ready-to-use 
(anti-HER2/neu [4B5] Rabbit Monoclonal Primary 
Antibody from Roche), anti-CD34, diluted 1:100 
(anti-CD34 anti-human, PE – clone AC136), and anti-
EBV (anti-LMP1, latent membrane protein 1), diluted 
1:50 (anti-EBV antibody cocktail including CS1, CS2, 
CS3, and CS4 from Invitrogen), respectively, used accord-
ing manufacturer’s instructions. Without associated symp-
tomatology, most of the population carries the EBV virus 
through past infections, often not previously detected. To 
identify an active EBV infection from latently infected 
cells, the LMP1 protein is quantified. This transmembrane 
protein is one of the main products of viral gene expression. 
Therefore, the target of the immunohistochemical tech-
nique in our study of EBV is this oncoprotein, generically 
referred to as anti-EBV by some authors.
Each IHC slide studied for GC has positive and negative 
controls of the respective markers, crucial to making a reli-
able interpretation of the stains.
After IHQ assays, the results were observed blindly by two 
independent observers microscopically and interpreted 
based on defined immunoreactivity criteria. For the inter-
pretation of HER2 expression on cell membranes of GC 
tissues, there is a defined score from 0 to 3, depending on 
the intensity of the staining detected. A  score of 0 or 1 
represents negativity, while a score of 3 indicates a strong 
positivity for HER2 in the tissues. A score of 2 is border-
line, requiring a fluorescent in situ hybridization (FISH) 
study to be able to define overexpression as negative or pos-
itive (11,13,17). Within these samples, the HER2 staining 
obtained only 0 and 3+ scores, as for a simpler statistical 
analysis were categorized respectively as negative and posi-
tive for overexpression of this protein.
The CD34 expression was interpreted according to 2 dif-
ferent methodologies that provided information about the 
MVD and expression pattern in CD34+ stromal cells. For 
the MVD evaluation, microvessels were counted (field x200; 
by light microscopy) in each of the five most vascularized, 
separately located areas (hot spots), which were previously 
identified during mosaic scanning of the whole section at 
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In general, adenocarcinoma stands out as the most fre-
quent type of tumor, present in 19 (63.3%) patients of the 
remaining 11  (37.7%) diagnosed as carcinoma, with the 
antrum region showing the highest prevalence of lesions 
(63.3%), as shown in Table 1.
Although not all cases provided this information, accord-
ing to staging, only 11 cases were in lower stages, I (n = 9, 

30%) and II (n = 2, 6%), whereas most tumors were in 
advanced stages, III (n = 14, 46.7%) and IV (n = 5, 16.7%). 
The TMN classification also shows that 18 (63.3%) tumors 
have lymph node infiltration (N1, N2, N3a, and N3b), and 
5 (17.7%) are metastatic (M1). Furthermore, the accessible 
database revealed that only 2 (6.7%) patients had well-dif-
ferentiated tumors, of the others, 12 (40%) had poorly and 
14 (48.7%) moderately differentiated tumors (Table 1).
Regarding the type of treatment, 13 (43.3%) patients under-
went surgery and CT, whereas the remaining 17 (56.7%) 
were submitted only to surgery, as shown in Table 1.
All the gastric samples in this study were negative for EBV 
infection.
Only two samples were positive for HER2 overexpression. 
Both HER2-positive cases were male (n = 2, 11.8%), with 
an adenocarcinoma-type tumor (n = 2, 10.5%) whose lesion 
was anatomically located in the antrum (n = 2, 10.5%). The 
tumors of these cases are of moderate cell differentiation 
(n = 2, 16.7%) of stages III (n = 1, 7.1%) and IV (n = 1, 
20%). Lymph node infiltration is seen in both cases (n = 2, 
11.1%), but metastasis only in one case (n  =  1, 20%). 
Treatment of the HER2-positive patients was surgery and 
CT (n = 2, 13.3%), representative images of HER2, MVD 
and CD34, as observed in Figure 1.
No significant relationship was found between MVD and 
any clinicopathological characteristic in the samples stud-
ied, as shown in Table 1.
Regarding gender (p = 0.457), it was observed that the 
median MVD value was higher in males than in females, 
with 50% of the female patients involved in this study 
having up to 13 density (Md = 13, Q1 = 6.50; Q3 = 27), 
compared to 16 in the 50% of the male patients (Md = 16, 
Q1 = 11; Q3 = 23.50).

FIGURE 1. Immunohistochemical staining of HER2 and CD34, as MVD 
and CD34+ stroma cells in primary gastric cancer patients. (A) A represen-
tative image of negative HER2 expression, score 0; (B) A representative 
image of a HER2 positive expression, score 3+; (C) A representative image 
of a low MVD; (D) A representative image of a high MVD; (E) A represen-
tative image of a low CD34+ stroma cells expression; (F) A representative 
image of a high CD34+ stroma cells expression.
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FIGURE 2. Kaplan–Meier survival analysis according to gender in CD34+ tumor stroma cells expression. (A) The free-disease survival of female patients 
with high CD34 stroma cells were considerably worse than on patients with lower CD34+ stroma cells expression. (B) The overall survival of female patients 
with high CD34+ stroma cells were considerably worse than on patients with lower CD34+ stroma cells expression. (C) The free-disease survival of male 
patients with high CD34+ stroma cells were substantially worse than on patients with lower CD34+ stroma cells expression. (D) The overall survival of male 
patients with high CD34+ stroma cells were substantially worse than on patients with lower CD34+ stroma cells expression.
M: Months
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For diagnosis (p = 0.735), the median MVD value was 
higher in adenocarcinomas (Md = 15, Q1 = 13; Q3 = 24) 
compared to carcinomas (Md = 13, Q1 = 9; Q3 = 28), 
meaning that 50% of adenocarcinomas involved in this 
study had up to 15 density, whereas 50% of carcinomas 
had up to 13. In relation with the anatomical location of 
the lesion (p = 0.579), the median MVD value was 24 for 
the cardia (Md = 24, Q1 = 6; Q3 =-), 12 for body (Md = 12, 
Q1 = 5.50; Q3 = 26. 50) and 15 for the antrum (Md = 15, 
Q1 = 13; Q3 = 22), which represents that 50% of the car-
diac lesions had a density of up to 24, 50% of the body 
lesions had a density of up to 12, and 50% of the antrum 
lesions had a density of up to 15. Regarding the degree of 
tumor differentiation with MVD (p = 0.898) a weak pos-
itive correlation was observed (rho = 0.24). On the other 
hand, MVD shows a weak negative relationship with stag-
ing (rho = −0.251; p = 0.18) and with lymph node infiltra-
tion (rho = −0.17; p = 0.93). No relation could be estab-
lished between MVD with TMN: metastasis as intended 
(p = 0.503), the median MVD of the cases with metastases 
was 13 (Md = 13, Q1 = 5.50; Q3 = 25), and 16 in the cases 
without metastases (Md = 16, Q1 = 10; Q3 = 24.50). In 
the type of treatment (p = 0.589), it was found that the 
median MVD value for patients undergoing surgery only is 
13 (Md = 13, Q1= = 5; Q3 = 30), whereas for those under-
going surgery and QC, the value is 16 (Md = 16, Q1 = 13; 
Q3  =  22). For age, a moderate positive correlation was 
observed with MVD (rho = 0.58; p = 0.76).
The expression of CD34+ stromal cells showed an associ-
ation with statistical significance with gender (r = 0.367; 
p = 0.046), revealing a higher density of markers of these 
cells in females than in males (n = 6, 46.2% vs. n = 2, 
11.8%), as showed in Table 1.
Regarding the type of tumor diagnosed (p = 0.199), the 
high expression of CD34+ cells in the stroma was more 
incident in adenocarcinomas (n = 7, 36.8%) compared to 
carcinomas (n = 1, 9.1%).

From the anatomical location of the lesions, it is possible 
to observe that between tumors with low and high CD34+ 
stromal expression, there are differences in incidence, 
respectively, in the cardia (n = 2, 66.7% vs. n = 1, 33.3%), 
in the body (n = 6, 75% vs. n = 2, 25%), and in the antrum 
(n = 14, 73.7% vs. n = 5, 26.3%).
Regarding the degree of cell differentiation (p = 0.136), 
high expression of CD34+ stromal cells has a median of 2 
(Md=, Q1 = 13; Q3 = 22) whereas low expression of CD34 
stromal cells has a median of 1 (Md =, Q1 = 0; Q3 = 2) 
meaning that 50% of tumors with high expression are clas-
sified as moderately differentiated grade whereas 50% of 
low expression tumors are in a poorly differentiated grade.
For staging (p = 0.823) the medians of CD34+ stroma 
cells expression, high (Md = 3; Q1 = 1; Q3 = 3.25) and 
low expression (Md = 3; Q1 = 2.25; Q3 = 3) show that 
both 50% of high expression and 50% of low expression 
tumors are up to stage 3. Regarding lymph node infiltra-
tion and CD34+ stroma cells expression (p = 0.129), it 
is possible to verify that high-expression tumors have a 
lower incidence of infiltration (n = 7, 38.9%) compared to 
low-expression tumors (n = 11, 61.1%). A similar pattern 
was found for metastases (p = 0.281), with low-expression 
CD34+ stroma cells having more metastatic cases than 
high-expression tumors (n = 12, 80% vs. n = 3, 20%). 
Regarding the type of treatment (p = 0.417), we observed 
different medians for CD34+ stroma cells expression 
depending on whether they are high or low-expression 
tumors, respectively (Md = 6; Q1 = 1; Q3=6 vs. Md = 1; 
Q1 =  1; Q3  =  6) representing 50% of high expression 
tumors include up to surgery with CT whereas 50% of 
those with low expression include surgery only. For age 
(p = 1), the median of high expression CD34+ stroma cells, 
Md = 74; Q1 = 66.75; Q3 = 82, indicates that 50% of 
patients are up to 74 years old compared to 50% of those 
with high expression of the marker are up to 75.50 years 
old, Md = 75.50; Q1 = 64.75; Q3 = 80.75.

FIGURE 3. Visual representation of the HER2, EBV and CD34 markers studied in primary gastric cancer patients as well as the involvement of the tumor 
stroma, and its components, in the support and stimulation of the tumor, namely portrayed at the level of growth and angiogenic promotion.
HER2: Human epidermal growth factor receptor 2; EBV: epstein-barr virus; APC: antigen-presenting cells
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There was no significant correlation between CD34+ stroma 
cell expression and MVD, as the p = 0.266 (t = 1.134; 
p = 0.266).
In general, the OS and DFS rates of the patients in 
the study were not statistically significant, only con-
cluded that patients had a mean of 13.03 ± 15.248 and 
16.80 ± 15.232 months, respectively. The only two HER2-
positive GC cases in this study presented a mean DFS sur-
vival rate of 4.00 ± 5.657 and 13.00 ± 4.243 OS rate, as 
shown in Figure 2.
Regarding MVD, a moderate and weak negative correlation 
(rho = −0.58; p = 0.762 and rho = −0.3; p = 0.107) was 
observed with the DFS and OS rates, respectively.
The mean DFS (p = 0.945) and OS (p = 0.246) rates for 
CD34+ stroma cell expression in patients with high expres-
sion are 10.88 ± 4.438 and 11.38 ± 12.546, respectively, 
whereas for patients with low expression are 13.82 ± 3.478 
and 18.77 ± 15.895.

DISCUSSION
The relationship between HER2 overexpression, angiogen-
esis, CD34+ cell activity in the stroma and EBV infection 
in GC has not been studied to date. Several studies have 
aimed to investigate some of these markers in this type 
of cancer, but few have conclusive data (13,17,25). Thus, 
our project intended to deepen the knowledge of such a 
prevalent pathology nowadays, with specific focus on EBV, 
HER2 and CD34 markers, given their strong potential for 
prognostic, diagnostic and therapeutic applications.
The literature approaches GC as a very heterogeneous 
pathology, with several types and subtypes, among which 
tumors of glandular differentiation predominate (4,5,12,23). 
Additionally, it is widely described as being more related to 
the male gender, and to advanced stages of disease as the diag-
noses are typically late (3,12). According to our study, of the 
30 cases studied, 19 were gastric adenocarcinomas (63.3%) 
and 17 were males (56.7%), with most tumors belonging to 
stages III and IV, consistent with previous findings.
HER2, a transmembrane receptor that acts as a 
proto-oncogene in several tumors, is the target of many 
trials in gastric tumors because of its structural diversity, 
which conditions targeted therapeutic applications that in 
other organs show results (Figure 3). This heterogeneity also 
influences staining patterns during immunohistochemical 
studies, where incomplete staining may occur, affecting tis-
sue interpretation and scoring, and further contributing to 
the difficulty in obtaining conclusive data on this marker 
(11,13,17,26,27).
Several authors associate HER2 overexpression to GC 
with poor prognosis, due to a more aggressive form of 
the disease  (11,27–29). Lei et al. showed results indicat-
ing that patients with more advanced stages of the disease, 
distant metastasis, and lymph node infiltration, namely 
clinicopathological features affiliated with a poor progno-
sis, tended to have higher HER2 expression levels (28). 
However, the prognostic value of this marker in GC is still 
controversial due to some contradictory results, which is 
why many do not consider it an independent prognostic 
factor for GC patients (3,27,28,30,31). As evidenced in 

research by Ciesielski et al. where a correlation was found 
between HER2-positive status and well-known features 
that suggest a better prognosis (less advanced TNM stage 
and better histological differentiation) (13).
Although our study could not establish statistical rela-
tionships with this marker due to insufficient sampling of 
HER-2 positive GC, a possible trend was observed in the 
2 cases studied towards more advanced staging, a moder-
ate degree of differentiation, the existence of lymph node 
infiltration and, in one of the patients, even with metastiza-
tion when compared to the rest of the sample population, 
all HER2 negative. These results agree with the previous 
studies by Lei et al. and perhaps might hold statistical sig-
nificance in a larger and more representative sample (28).
We investigated the expression of CD34 in two distinct 
ways, considering the different potential outcomes this 
marker can provide. Given its typical expression in vascu-
lar endothelial cells, CD34 was primarily useful to detect 
new blood vessels, ultimately defining a MVD, beneficial to 
understand the extent of angiogenesis and overall tumoral 
progression of each case (13,17,31,32) (Figure 3). Malignant 
tumors have the highest MVD values and are therefore 
associated with a higher risk of metastasis and recurrence 
and a correspondingly poor prognosis. Accordingly, MVD 
values are predicted to be positively related to invasiveness 
characteristics, such as more advanced disease stages, bigger 
tumors, and metastasis (17,24,31–33). Our results suggest 
two opposite-to-expected correlations between MVD and 
staging and with differentiation grade, which contrasts with 
other authors. Bǎdescu et al. concluded with their study 
that MVD values had a positive relation with staging, find-
ing a higher number of new vessels in patients with a more 
advanced stage of disease. They also reported a significant 
increase in the number of intratumoral neovessels as tumor 
differentiation is lost (31).
This disagreement of results is not novel, as inconsistencies 
have been reported at the level of the MVD study mainly 
due to different evaluation criteria for the measurement of 
vascular density. Variability in the number of fields evalu-
ated, the vessel counting conditions, and even the micro-
scopic magnification used affects the results. Weidner’s 
method, a well-known technique in this area of defined 
evaluation criteria, may also involve missed “hot spots”. 
As a consequence of this lack of unanimity among some 
studies, the prognostic value of MDV is still a debatable 
question (13,17,23,31,32).
With our study we would like to help clarify the currently 
questionable prognostic values of HER2 and MVD by 
demonstrating an association between these and a worse 
evolution of GC.
While our study did not have the sampling conditions to 
do so, we found that sample size was a common limitation 
shared by other authors who have attempted to analyze this 
relationship, allowing only a trend between markers to be 
established (13,31). So far, only Li et al. have succeeded 
to established a statistically significant relationship between 
HER and MVD in GC samples (17).
The other way in which CD34 was evaluated in our study 
consisted of defining expression patterns of CD34+ cells in 
the tumor stroma. CD34+ cells are constitutive components 
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of the stroma of most tissues, carrying a variety of designa-
tions according to their characteristics, location, and organi-
zation in the tissues. Typically, their functions are to support 
maturation and proliferation of mesenchymal stem cells and 
adjacent epithelial cells and to mediate immune responses. 
At tumor stroma level, CD34+ fibroblastic stromal cells 
(SFC) are of particular interest, given their ability to synthe-
size molecules, such as growth factors and cytokines, con-
stituting prominent modifiers of tumor progression upon 
eventual stromal reaction (19,20,22,33–36). Their activity is 
further responsible to sustain a highly organized matrix that 
allows facilitated interactions between T, B lymphocytes and 
APC at sites of infection or chronic immune stimulation, 
known as tertiary lymphoid organs (21,35,37,38).
As TLS are referenced for their ability to amplify the 
immune response, when present in tumors, are often asso-
ciated with more severe disease profiles (8,21,37,39). In 
this way, observation of higher CD34 expression patterns 
reveals more active tumor stromas and possible detection of 
TLS. Throughout our study, our only statistically significant 
relationship established is between the CD34+ stromal cells 
and gender, with women having a higher incidence of GC 
with larger expression of the marker, and being, therefore, 
associated with more reactive stromas and possible presence 
of TLS. To our knowledge, this relationship has not been 
described before. One explanation behind this finding may 
be the ratio of tumor-stroma, whereby Ahn et al. described 
a tendency for women with gastric tumors to have a high 
percentage of tumor stroma compared to men (40).
Any other relationships were not conclusive, including 
with MVD, in which we attempted to explore the role of 
angiogenesis in tumor progression through involvement 
with tumor stromal activity. However a positive tendency 
was observed with MVD, since the stimulus of new vessel 
formation is a result of the interaction and shifts in the bal-
ance of pro-  and anti-angiogenic substances produced by 
the tumor stroma (24,38). Although the prognostic role of 
TLS in oncology remains debatable, as it differs according 
to cancer type and stage, recent studies have concluded that 
TLS formation in solid tumors led to better therapeutic 
outcomes with immune checkpoint inhibitors (39).
GC is one of today’s most deadly cancers, so DFS and OS 
rates are, in the samples studied, approximately just over a 
year. A striking contrast was observed regarding the average 
survival rates of the 2 HER2-positive cases, whose DFS was 
only 4 months, whereas after the initiation of therapy, the 
OS was approximately 1 year. Although there was no sta-
tistical relationship, our study observed a clear association 
between HER2 overexpression and worse prognosis with 
shorter life span, consistent with the study by Li et al (17).
Regarding MVD we also only observed in our study a 
weak correlation with survival rates, which further supports 
the study of Li et al. by showing a tendency for cases with 
higher microvascular densities to have lower survival rates. 
Interestingly, in our study, the GC cases with the best sur-
vival rates were the cases with less reactive tumor stromas, by 
expressing a lower amount of CD34+ stroma cells, so once 
again we find more reactive stromal tumors, and the possible 
presence of TLS to be associated with poor prognosis.

CONCLUSION
Over the years, major advances have been made in the 
oncology area. Despite the many adversities faced in GC, 
mainly due to its intra and intertumor diversity, our study 
offers new perspectives. Consolidating the predictive power 
and expanding the benefits of studying markers such as 
CD34 in GC, where a more complete tumor characteriza-
tion occurs through MVD measurements, CD34 expres-
sion patterns in the stroma, and detection of TLS.
Our results suggest a significant role of these factors in more 
aggressive cancer profiles, thereby constituting potential 
therapeutic targets. Ideally, links between CD34, HER2, 
and EBV would also have been established for innovative 
combinations in targeted therapy, maximizing their efficacy.
However, our study presented some limitations, the main 
one being the small sample size, not representative of all 
markers we intended to study. In addition, not all clinico-
pathological data were available, as the differentiation grade 
was inaccessible in seven cases. The EBV detection method 
used in this study was IHC, whereas the gold standard is 
in situ hybridization for its greater sensitivity, possible false 
negatives cannot be excluded.
Many questions remain unclear, so hypotheses such as a mutu-
ally exclusive relationship between HER2 and EBV, the asso-
ciation of HER2 with angiogenesis, and EBV causing more 
reactive stromas and TLS formation, among other pertinent 
points should be further investigated in upcoming studies.
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