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Introduction

Esophageal cancer is one of the most deadly and 
difficult to treat forms of cancer [1]. According to the 
source Globocan [2], in 2020, the global incidence of 
esophageal cancer in both sexes and all ages was 604 
100 reported cases (7.79 cases in every 100 000 people) 
and the mortality rate was 544 076 (7.78 cases in every 
100 000 people). In Kazakhstan, esophageal cancer can 
also be classified as one of the diseases with the highest 
mortality rates. According to Kazakh Research Institute 
of Oncology and Radiology (KRIOR), the prevalence of 
esophageal cancer in 2020 in the Republic of Kazakhstan 
in both sexes was 1 082 cases (5.7 cases per 100 000 
people), and mortality was 709 cases (3.8 cases per 100 
000 people) [3].

Recent scientific research suggests that microorganisms, 
including viruses, bacteria, fungi and protozoa, play a role 
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in the etiopathogenesis of malignancies [4]. According to 
the World Health Organization, 3.7 billion people (<50 
years of age [67%]) with HSV-1 and 491 million people 
(15–49 years of age [13%]) with HSV-2 are infected 
worldwide [5]. One of the reasons for the malignant 
transformation of a cell is genetic mutations that occur in 
the cell as a result of exposure to carcinogens such as viral 
infections, radiation, chemicals and other factors. Herpes 
simplex virus type 1 (HSV-1) and herpes simplex virus 
type 2 (HSV-2) are two commonly encountered viruses 
in the herpesvirus family. Therefore, identifying the 
connection between herpesvirus infection and neoplastic 
processes is an important issue in carcinogenesis, 
including esophageal cancer in humans. 

Thus, determining the role of viruses, in particular 
HSV-1,2, is necessary for a modern approach to the 
prevention of esophageal cancer, guided by common 
radical methods of treating this disease. However, there 
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is limited data worldwide on the role of these viruses in 
cancer development. This pilot study aimed to determine 
the detectability of HSV-1 and HSV-2 in the esophageal 
mucosa in esophageal cancer, which would allow the 
identification of potential viral markers involved in or 
influencing malignancy that could be used to improve 
diagnosis and treatment esophageal cancer.

Materials and Methods

Study design
A population-based cross-sectional pilot study was 

conducted from December 2022 to May 2023. The study 
followed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) reporting guideline. 
Consent was obtained from all the respondents provided 
in the study. The study protocol complied with the ethical 
guidelines of the 1975 Declaration of Helsinki, as reflected 
in a priori approval by the institution’s human research 
committee. The research was approved and recommended 
for implementation of the study by the Local Ethics 
Committee of the NcJSC «Astana Medical University» 
(Meeting No. 15). All individuals involved have signed 
the Informed Consent Form.

Participants
We examined 15 patients with esophageal cancer 

(adenocarcinoma, squamous cell carcinoma) of any 
stage (0, IA, IB, IIA, IIB, IIIA, IIIB, IIIC, IV) and all 
ages in the main group and 15 patients with unconfirmed 
esophageal cancer in the control group, who visited the 
outpatient center of the endoscopic department of the 
Multidisciplinary Medical Center (Astana). The conditions 
for calculating the sample size were the required level of 
significance at 0.05 and the power of the study at 80%. 
To calculate the sample size from the general population, 
Lehr’s formula for average values was chosen since it 
allows us to determine the size of each compared group. 
The main group of subjects included patients who applied 
in 2022-2023 of all ages, had verified esophageal cancer of 
all stages, and had not received previous treatment. In the 
process of selecting patients from among those examined, 
attention was paid to the histological conclusion, 
confirming or excluding esophageal cancer using clinical 
diagnostic methods, followed by the formation of 
morphological and virological characteristics.

Collecting materials and conducting research
The study used at stage 1 - the method of 

fibroesophagogastroscopy (FEGS) to obtain biopsy 
materials, at stage 2 - methods of histological analysis and 
indirect immunofluorescence reaction (iIFR) to determine 
the specific and nonspecific presence of HSV-1,2 and at 
stage 3 - methods of statistical data processing to evaluate 
statistical significance. 

At the 1st stage - FEGS forceps were used to collect 
biopsy material from pathological areas of the esophagus 
in patients suspected of esophageal cancer in the 
endoscopic department of the «Multidisciplinary Medical 
Center» (Astana). The collection was accomplished from 
the mucous membrane of the esophagus in the marginal 

zone of the pathological focus in an amount of at least 2 
pieces. 

At stage 2, during histological analysis, preparations of 
specimens and initial visual assessment of biopsy material 
were accomplished to determine nonspecific markers 
of viral infection. All histopathological samples were 
stained with hematoxylin and eosin. Microphotography 
of the specimen was accomplished at the Department 
of Histology and Cytology of the «Astana Medical 
University» NcJSC using a Leica microscope at a 
magnification of x100, x400 and x1000.

Next, we prepared smears of tumor tissue on sterile 
glass slides for subsequent indirect immunofluorescence 
reaction (iIFR) to detect the presence of HSV-1, 
HSV-2 antigens. Air-dried fingerprint smears were 
fixed with 96% chilled ethanol, after which they 
were subjected to an indirect immunofluorescence 
reaction to the HSV-1, HSV-2 antigens using standard 
diagnostic kits «HerpesMonoScan», produced at the 
Scientific and Production Foundation «Labdiagnostika» 
(Moscow). Based on the results of this stage of the 
study, microphotography was accomplished to record 
tissue samples with foci of luminescence in cells at a 
magnification of x1000.

Statistical Analysis
Statistical analysis was accomplished using the 

programs «STATISTICA» and «IBM SPSS Statistics 
26». Quantitative indicators were assessed for compliance 
with normal distribution using the Shapiro-Wilk test (for 
the number of subjects less than 50). In the absence of a 
normal distribution, quantitative data were described using 
the median (Me) and lower and upper quartiles (Q1–Q3). 
Categorical data were described using absolute values and 
percentages. A comparison of two groups for quantitative 
indicators whose distribution differed from normal was 
performed using the Mann-Whitney U test. Comparison 
of percentages in the analysis of four-field contingency 
tables was performed using Fisher’s exact test (for 
expected phenomenon values less than 10). Comparison 
of percentages in the analysis of multifield contingency 
tables was performed using the Pearson chi-square test. 
Statistical significance was determined using the χ2 test. 
P values <0.05 were considered statistically significant.

Results

Participant’s characteristics
The sample included 15 patients with esophagus 

cancer (4 females [26.7%] and 11 males [73.3%]) in the 
main group and 15 patients without esophagus cancer (5 
females [33.3%] and 10 males [66.7%]) in the control 
group. The mean age in the main group was 70.67 + 10.05 
years, ranging from 60 to 80 years. The mean age in the 
control group was 55.8 + 14.69 years, ranging from 41 to 
70 years. Histological examination among patients from 
the main group identified 8 cases (53.3%) of squamous 
cell carcinoma and 7 cases (46.7%) of adenocarcinoma.  
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Figure 1. Biopsy Material from Patients with Esophageal Cancer. A, low-grade squamous cell carcinoma of the 
esophagus without keratinization with invasion into the submucosal layer and pronounced lymphocytic infiltration 
(arrows); B, moderately differentiated squamous cell carcinoma of the esophagus with leukocyte infiltration (arrow); 
C, pronounced leukocyte (mainly mononuclear) infiltration of the epithelium, lamina propria and submucosa in the 
border zone of the tumor and relatively intact tissues of the esophagus (arrow); D, pronounced leukocyte infiltration 
of tumor tissue with areas of necrosis with the formation of a lymph node (arrow). Staining: Hematoxylin-eosin, 
Magnification: x100. 

Index Categories iIFR (HSV-1, HSV-2) P.value
Negative Positive

Degree of differentiation (G) Not evaluated; 14 (87,5%) 1 (7,1%) < 0,001†
Well differentiated, low grade (G1); 2 (12,5%) 5 (35,7%)
Moderately differentiated, intermediate grade (G2); 0 (0,0%) 5 (35,7%)
Poorly differentiated, high grade (G3); 0 (0,0%) 3 (21,4%)

Table 1. Analysis of the Degree of Differentiation (G) Depending on the Presence of the Virus (HSV-1, HSV-2), 
Determined Using iIFR

†, Differences in indicators are statistically significant (p < 0.05)

Histology results
Lymphocytic infiltration

In the studied histological specimens stained with 
hematoxylin-eosin in patients in the main group, areas 
of severe dysplasia of multilayered epithelium were 
identified in the walls of the esophagus, sometimes with 
the presence of polypoid formations and an eroded surface. 
The formations were represented by merging cords and 
nests of polymorphic cells with large nuclei, mitoses, and 
germination into the submucosal and muscular layers. 
Predominantly lymphocytic infiltration was detected at 
the border with malignant tissue with the formation of 
lymphoid follicles in the submucosa of the esophagus 
(Figure 1 [A-D]). Overall, these histological characteristics 
indicate the presence of an active immune response to the 
tumor and indicate a possible association between viruses, 
including viruses of the Herpesviridae family, and the 
development of esophageal cancer. Additional research is 
needed to more accurately determine the role of viruses 

in the pathogenesis of this disease.
We were able to determine lymphocytic infiltration 

presence in 13 cases (86.7%) in the main group and 5 cases 
(33.3%) in the control group. The negative result was 2 
cases (13.3%) in the main group and 10 cases (66.7%) 
in the control group. According to the data obtained, 
we established statistically significant differences when 
assessing lymphocytic infiltration depending on the study 
group (95% CI 2.07 - 81.48%, p=0.008 [method used: 
Fisher’s exact test]). The number of cases in the main 
group with positive lymphocytic infiltration with a positive 
iIFR test (HSV-1, HSV-2) was 13 cases (86.67%), while 
only 2 cases (13.33%) were determined with a negative 
test (95% CI 2.89 - 283.06%, p=0.001[method used: 
Fisher’s exact test]).

Development of keratinization
In micrographs (Figure 2 [A-D]), it can be seen that 

the superficial layer of the epithelium is flat and does not 
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Figure 2. Keratinization Processes in Biopsy Material of Tumor Tissue from Patients with Esophageal Cancer. A, 
processes of atypical keratinization of tumor cells at the border with normal tissues are visible (arrow); B, C, areas 
of layering of horny scales on top of each other are visible with the formation of foci of keratosis (cancerous pearls) 
(arrow); D, multiple areas of keratosis in esophageal cancer (arrows); Staining: Hematoxylin-eosin, Magnification: 
x100. 

Figure 3. Biopsy Material of Tumor Tissue from Patients with Esophageal Cancer. A, B, giant nuclei and multinuclear 
elements are visible in cells with esophageal cancer (arrows); Staining: Hematoxylin-eosin, Magnification: x400. 

contain nuclei, indicating that it has already undergone a 
process of pathological keratinization. Keratinization is 
a process in which superficial epithelial cells lose their 
nuclei and become a rigid structure with the presence of 
keratinized remains of dead cells (horny scales). Cells 
stop dividing and begin to produce keratin, a tough 
protein matrix that fills the cell’s cytoplasm. Keratin 
forms a dense network inside cells, making them hard 
and durable. During keratinization, the nuclei and other 
cellular organelles disappear, so that ultimately only dead 
cells filled with keratin remain in the tissue. However, 
the micrographs also show areas of the epithelium where 
varying degrees of atypia of cell nuclei are still visible, 
where horny scales, layering on top of each other, form 
zones (foci of keratosis) called «cancerous pearls», 
which may indicate the presence of pathological changes 
associated with the development of cancer. It is also 

possible to form a structure resembling a bird’s eye (early 
cancer pearls). The number of cases of determination of 
keratinization in biopsy materials for highly differentiated 
esophageal cancer was 6 cases, where areas of keratosis 
were noticeable, which were presented in the form of small 
grayish-white grains and cancerous pearls. Consequently, 
based on the data obtained (Table 1), it was found that only 
in 7 out of 8 cases with verified squamous cell carcinoma 
of the esophagus, foci of keratinization were detected, 
while in adenocarcinoma this process was not determined. 
When studying the materials at the cytological level, 
nonspecific signs of infected cells were identified, which 
were multinucleation, the formation of giant nuclei with 
ground glass chromatin, and eosinophilic intranuclear 
inclusions (Figure 3 [A-D]). The described cell changes 
may be accompanied by diffuse lymphocytic infiltration 
of surrounding tissues, or even accompanied by local 
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Figure 4. Indirect Immunofluorescence Reaction to Detect the Presence of HSV-1, HSV-2 Antigens (Positive Result). 
A, B, specific glow in the cytoplasm and nuclei of individual cells of a smear-imprint of biopsy material from a patient 
with esophageal cancer (arrow) [low contrast], Magnification: x1000. C, D, specific luminescence in the cytoplasm 
and nuclei of individual cells of a smear-imprint of biopsy material from a patient with esophageal cancer (arrow) 
[high contrast], Magnification: x1000. 

Figure 5. Indirect Immunofluorescence Reaction to Detect the Presence of HSV-1, HSV-2 Antigens (Negative Result). 
A, D, absence of specific luminescence in the cells of the smear-imprint of the biopsy material of a patient with 
esophageal cancer (low contrast), Magnification: x1000. B, C, absence of specific luminescence in the cells of the 
smear-imprint of the biopsy material of a patient with esophageal cancer (high contrast), Magnification: x1000. 

formation of lymphoid follicles, which was also noted in 
precancerous conditions.

Indirect immunofluorescence reaction (iIFR)
The specific fluorescence obtained using an indirect 

immunofluorescence reaction suggests the presence of 
antigens of the HSV-1 and HSV-2 viruses in the cells 
of the esophageal mucosa (Figure 4 [A-D]). This glow 
occurred in 13 cases in the main group and 1 case in the 
control group (95% CI 7.35 - 1126.89%, p<0.001 [method 

used: Fisher’s exact test]). The absence of luminescence 
during microscopy determined the absence of viral activity 
in the cells of the studied materials (Figure 5 [A-D]). In 
squamous cell carcinoma, a positive result of iIFR (HSV-
1, HSV-2) was determined in 7 cases (87.5%) and 1 case 
(12.5%) with a negative result. In adenocarcinoma, the 
positive result of iIFR (HSV-1, HSV-2) was similar to 
squamous cell and amounted 6 positive cases (85.7%), and 
the negative result was in 1 case (14.3%). For unconfirmed 
cancer in control group, a positive result was determined 
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proven, largely due to insufficient understanding of the 
underlying mechanisms [18]. It is noted that infection is 
asymptomatic in more than 80% of cases when retrograde 
transport is involved to damage nervous tissue and 
subsequent activation of the latent period, where, due to 
the long lifespan of neurons, the virus can persist for quite 
a long time [19, 20]. It is worth noting that polymerase 
chain reaction (PCR) detection of viral DNA by isolating 
viruses in cell culture and identifying viral antigens in 
collected tissue samples demonstrates higher rates in post-
chemotherapy patients compared to pre-chemotherapy 
patients, although statistically significant no difference 
was determined [20, 21]. We believe that the affected 
neurons may also be cells of the autonomic nervous 
system (nodes, plexuses), which are also involved in the 
innervation of the esophagus.
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