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Abstract
Background
The tumor microenvironment comprises stromal cells, a few immune cells, vascular channels, and an
extracellular matrix. The immune cells play a pivotal role in arresting the development of various tumors by
identifying and killing the abnormal tumor cells. These immune cells with cytotoxic function include the
natural killer (NK) cells and CD8+ T lymphocytes. Human NK cells express the cell surface marker CD57 and
can be identified by using monoclonal antibodies. CD8+ cytotoxic T cells are a critical subpopulation of T
cells and are important mediators of adaptive immunity. The anti-tumor immunity is important to assess
the prognosis of tumors and develop new therapies. This study aimed to evaluate the immunohistochemical
expression of CD8 and CD57 immune cells in oral squamous cell carcinoma (OSCC), oral epithelial dysplasia
(OED), and normal oral mucosa.

Methodology
Clinically diagnosed and histopathologically confirmed cases of OSCC (n = 22), oral leukoplakia with OED (n
= 22), and normal oral mucosa (n = 22) comprised the study groups. The tissue sections were subjected to
immunohistochemical analysis for CD8 and CD57 expression by calculation of the mean labeling index. The
results were statistically analyzed using a one-way analysis of variance, Bonferroni multiple comparison
test, and Student’s t-test. SPSS software version 20.0 (IBM Corp., Armonk, NY, USA) was used for the
statistical analysis, and the significance level was set at 0.05.

Results
An overall statistically significant difference was obtained in the number of CD8+ T lymphocyte cells and
CD57+ NK cells when compared between OSCC, OED, and normal oral mucosa (p = 0.01). Variations in the
number of CD8+ T lymphocyte cells and CD57+ NK cells were observed when a comparison was made
between OED and OSCC and between OSCC and normal mucosal samples (p = 0.01). The study results
showed that the mean labeling index of CD8 and CD57 increased in OSCC when compared to OED and
normal mucosa (p = 0.01).

Conclusions
Samples of OED with moderate or severe dysplasia and samples of OSCC were accompanied by a higher level
of infiltrating immune cells such as T cells, B cells, NK cells, and macrophages when compared to normal
mucosa. The results suggested that the expression of CD8 and CD57 cells increased from normal mucosa to
OED and the highest expression was found in OSCC. CD8 and CD57 could be used as surrogate markers to
assess the malignant potential of the lesion and to determine the prognosis of patients with oral cancer.
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Keywords: immune cells, natural killer cell, t lymphocyte, expression, marker, immunohistochemistry, oral epithelial
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Introduction
In patients with head and neck cancer, oral squamous cell carcinoma (OSCC) is regarded as a significant
cause of morbidity and mortality. The survival rate of patients with OSCC ranges between 45% and 50%, and
survival has been reported to slightly improve with multimodal therapy. Such a low rate of survival in OSCC
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patients highlights the disease’s aggressiveness as well as the lack of appropriate knowledge about it, which
impedes the development of potent treatments [1]. Oral cancer is considered to be the sixth to eighth most
prevalent cancer worldwide. In India, the incidence of oral cancer in males and females is reported to be 8.7
and 3.5 per 100,000 population, respectively. Tobacco use is one of the main risk factors linked to oral
cancer, which has a complex etiology [2,3]. In a majority of the instances, OSCC is preceded by oral
potentially malignant diseases, the most frequent of which is leukoplakia [4]. The likelihood of leukoplakia
developing into cancer, or the malignant transformation rate, varies between 5% and 18%, and the degree of
epithelial dysplasia on histological examination is considered to be the primary factor determining the
malignant transformation. Dysplastic features in the stratified squamous epithelium are characterized by
cellular atypia, loss of normal maturation, and stratification. More than 20 classification systems have been
proposed in the past 20 years for standardization of oral epithelial dysplasia (OED) grading. The 2017 World
Health Organization (WHO) Criteria for Epithelial Dysplasia categorizes it to architectural changes and
cellular changes [4,5].

The development of OSCC is a complex, heterogeneous process that depends on the interactions between
genetically altered cells and their surrounding microenvironment [6]. For nutritional support and waste
product disposal, the tumor stroma, also known as the tumor microenvironment, is necessary. The tumor
microenvironment consists of blood vessels, innate and adaptive immune cells, and connective tissue.
Adaptive immune responses are usually carried out by T and B lymphocytes, whereas the macrophages,
dendritic cells, and natural killer (NK) cells are involved in innate immunity [7]. The immune cells recognize
and eliminate changed or aberrant neoplastic cells, preventing the growth of different tumors. NK cells and
CD8+ T lymphocytes identify and eliminate the immunogenic neoplastic cells in the early stages of tumor
formation [8].

CD 8+ lymphocytes, the crucial T-cell subset, are the major groups of cells in the adaptive immune system.
The major histocompatibility complex class I (MHC-I) receptor allows them to engage with and kill diseased
or aberrant cells, making them a well-documented effector of immunity. Head and neck squamous cell
carcinoma cells exhibit direct production of immunosuppressive chemicals such as transforming growth
factor-beta and prostaglandin E2, as well as decreased MHC and co-stimulatory molecule expression,
increased FasL expression, and decreased expression of co-stimulatory molecules. As a result of these
changes, tumor-infiltrating CD8+ cells have a variety of functional flaws, including decreased Interleukin
(IL) 2 production and lower proliferation, which can also aid in the tumor’s ability to persist [9,10]. By
secreting cytokines or interacting directly with dendritic cells, NK cells are involved in both types of immune
response. CD57 expression is noted on these NK cells indicating the maturative pathway. Through the
release of the cytokine, interferon-gamma, and the eradication of perforin-dependent target cells, NK cells
help tumor immunosurveillance and provide resistance to infections [7]. Thus, this study aimed to examine
the expression of cytotoxic T lymphocyte and NK cells, two cell types that are crucial components of the
tumor stroma in OSCC and leukoplakia samples exhibiting OED.

Materials And Methods
Sample collection
The sample size was calculated for this study using the formula n = Z2 P(1-P)/ d2, where n is the sample size,
Z is the statistic corresponding to the level of confidence, P is the expected prevalence, and d is precision.
The sample was calculated to be 22 for each group, incorporating values for the expected mean difference in
immune cells between OSCC and OED, the effect size of 1, power (1-β) as 80%, and the level of significance
(ɑ) as 5% [9].

The tissue sections of oral leukoplakia with OED (n = 22) and OSCC (n = 22) were taken from the archival
blocks in the Department of Oral Pathology at PMS Dental College, Thiruvananthapuram. Biopsy specimens
from both genders falling within the age range of 30-75 years were considered for this study. The tissue
sections without epithelium were not considered for this particular study. For normal oral mucosa (n = 22),
the tissue samples were taken during the surgical removal of impacted third molars. Individuals with any
systemic illness or any known inflammatory conditions about the third molar were excluded. All specimens
were used after obtaining written informed consent from all the participants. The study was reviewed and
approved by the Institutional Ethics Committee of PMS Dental College (approval number: PMS/IEC/2020-
21/02).

Immunohistochemistry
The tissue sections of 4 μm thickness were obtained from archival tissues and were studied for the
expression of CD8 and CD57 by immunohistochemistry. The sections were placed in different grades of ethyl
alcohol and then kept in distilled water. Subsequently, hydrogen peroxide was used to block the activity of
endogenous peroxidase. Then, antigen retrieval with tris-ethylenediamine tetra-acetic acid buffer (pH 9.0)
was performed. The tissue sections were incubated with primary antibody CD8 (Clone: C8/468, PathnSitu
Biotechnologies Mouse Monoclonal Antibody CD8a, Telangana, India) and CD57 (Clone: NK1, PathnSitu
Mouse Monoclonal Antibody CD57, Telangana, India). PathnSitu secondary kit and 3,3’ diaminobenzidine
substrate solution were used, resulting in a colored precipitate at the specific sites of antigen binding.
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Hematoxylin was used as a counterstain, aiding in properly visualizing the sections.

CD8 and CD57 labeling index
All slides were scanned and analyzed for immunostaining at a magnification of 400× using a light
microscope. Regardless of the staining intensity, cells showing brown stains within the cytoplasm were
defined as positive. Tonsil tissue was used as positive immunohistochemical control. CD57+ NK cells and
CD8+ T lymphocyte cells were analyzed quantitatively by a single trained examiner unaware of the
clinicopathological data. For the OSCC specimen, positive staining was assessed in three anatomic
compartments (tumor epithelium, connective tissue stroma, and advancing tumor margin). For OED and
normal mucosa samples, two anatomic compartments (i.e., epithelium and connective tissue stroma) were
evaluated. For every tissue sample, 10 different areas of the lesion were assessed with the help of an ocular
grid. The mean number of CD8+ T lymphocytes and CD57+ NK cells were counted per microscopic field (40×)
for each case. After obtaining the sum values of each field, the mean positive cells for each case were
calculated using the mean labeling index.

Statistical analysis
Statistical analyses were done using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). P-values <0.05 were
considered statistically significant. A one-way analysis of variance test with a post hoc test (Bonferroni
multiple comparisons) was used to compare quantitative variables among the groups.

Results
A total of 66 samples were used for this study. The positive control group consisted of a sample of tonsil
tissue. In contrast, the study groups consisted of 22 samples of OSCC, 22 samples of OED, and 22 samples of
normal mucosa that were age and gender-matched with the cases. The biopsy specimens of OSCC and OED
were taken from the buccal mucosa, tongue, gingiva, and alveolar mucosa, and the details are shown in Table
1.

Anatomic site

 Buccal mucosa Tongue Alveolar mucosa Gingiva

OSCC (n = 22) 7 10 3 2

OED (n = 22) 9 7 4 2

TABLE 1: Distribution of anatomic sites of the study samples.
OSCC = oral squamous cell carcinoma; OED = oral epithelial dysplasia

The study involved different grades of OSCC, including nine cases of well-differentiated tumors, 22 cases of
moderately differentiated, and two samples of poorly differentiated OSCC. Similarly, different grades of
epithelial dysplasia were studied comprising mild dysplasia (n = 12), moderate dysplasia (n = 8), and severe
dysplasia (n = 2). The participants in the study had a mean age of 61.4 years, 54.8 years, and 55.7 years in
OSCC, OED, and normal mucosa, respectively. There was a male predilection at a ratio of 3:2 for OSCC and
OED groups (Table 2).

 Mean age (years) Number of males Number of females

OSCC (n = 22) 61.4 14 8

OED (n = 22) 54.8 14 8

Normal mucosa (n = 22) 55.7 12 10

TABLE 2: Age and gender distribution among the study groups.
OSCC = oral squamous cell carcinoma; OED = oral epithelial dysplasia

The expression of CD8 and CD57 was the highest in OSCC, followed by OED, and low expression was found
in normal mucosa. Figure 1 shows the immunohistochemical expression of CD8 and CD57 in the study
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groups.

FIGURE 1: Immunohistochemical expression of CD8 in (a) oral
squamous cell carcinoma, (b) oral epithelial dysplasia, and (c) normal
oral mucosa.

Figure 2 shows the immunohistochemical expression of CD57 in the study groups.

FIGURE 2: Immunohistochemical expression of CD57 in (a) oral
squamous cell carcinoma, (b) oral epithelial dysplasia, and (c) normal
oral mucosa.

Expression of CD8 and CD57 was primarily noticed within the inflammatory cells surrounding the tumor
stroma of OSCC and sub-epithelial connective tissue of OED. An overall statistically significant difference
was obtained in the number of CD8+ T lymphocyte cells and CD57+ NK cells when all three study groups
were compared (p = 0.01). The study results showed that the mean labeling index of CD8 was 27.59 ± 12.71,
21.77 ± 7.99, and 6.40 ± 3.01 for OSCC, OED, and normal oral mucosa, respectively, and this difference was
statistically significant (p = 0.01). OSCC samples exhibited a higher labeling index than OED and normal
mucosa (p = 0.01) and OED samples had significantly higher labeling index when compared to normal oral
mucosa (p = 0.01) (Table 3).

 Mean (SD) P-value

OSCC (n = 22) 27.59 (12.71)

0.01OED (n = 22) 21.77 (7.99)

Normal mucosa (n = 22) 6.40 (3.01)

TABLE 3: Comparison of CD8 mean labeling index among the study groups.
OSCC = oral squamous cell carcinoma; OED = oral epithelial dysplasia

The mean labeling index of CD57 was 12.04 ± 7.69, 8.40 ± 4.99, and 3.21 ± 2.29 in OSCC, OED, and normal
oral mucosa, respectively. A significantly higher labeling index was observed in OSCC samples compared to
OED and normal mucosa (p = 0.01). Additionally, when OED and normal oral mucosa were compared, OED
showed a higher labeling index. Table 3 and Table 4 show the comparison of the mean labeling index of CD8
and CD57 among the study groups.
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 Mean (SD) P-value

OSCC (n = 22) 12.04 (7.69)

0.01OED (n = 22) 8.40 (4.99)

Normal mucosa (n = 22) 3.21 (2.29)

TABLE 4: Comparison of CD57 mean labeling index among the study groups.
OSCC = oral squamous cell carcinoma; OED = oral epithelial dysplasia

Discussion
The growth of tumors depends on the reciprocal interaction between the abnormal neoplastic cells and their
microenvironment comprising immune cells, vascular channels, and extracellular matrix [6]. The tumor
microenvironment is a complex entity that is actively involved in the progression and promotion of cancer
[11]. T lymphocytes, dendritic cells, macrophages, and NK cells are the main types of immune cells observed
within tumors [12]. As effective immunosurveillance is required to stop the formation and progression of
cancer, numerous researchers have examined the relationships between the immune response and the
development of malignant neoplasms. The immune system’s NK cells and CD8+ T lymphocytes are the cells
most likely to be linked to a successful anti-tumor response. Pathogens and cancerous cells are largely
eliminated by CD8+ cells, which are an essential part of cell-mediated immunity, whereas NK cells form a
component of both innate and adaptive immunity. Virus-infected cells and tumor cells are the primary
targets of CD8+ cytotoxic lymphocytes [13].

The highly matured NK cell has the most pronounced CD57 expression. The presence of NK cells that
express CD57 is considered to be beneficial in cancer as these cells have a cytotoxic effect on tumor cells. NK
cells form a major component of the tumor microenvironment and the expression of CD57 helps in
evaluating the immune status of the patient [1]. The significance of immune cells in OSCC has been
extensively studied. NK cells, an integral part of the innate immune mechanism, can kill tumor cells. These
cells possess numerous receptors on their cell surface that have both activating and inhibiting properties.
During homeostasis, the inhibitory receptors take a dominant role, and hence, the activity of NK cells is
suppressed. However, when activating receptors are stimulated, NK cells exert cytotoxic effects and exhibit
high levels of anti-tumor activity. Studies have shown that in cancers, the levels of activating receptors
(NCR1, NCR2, NCR3) are decreased, and this finding has been linked to poor prognosis [14]. However, their
role in oral premalignant lesions needs to be better elucidated in the literature. 

Our findings showed that there was a significant increase in the number of CD8+ T-lymphocyte cells in the
connective tissue stroma of OSCC and OED when compared with other anatomic compartments. The
individual intergroup comparison showed a statistically significant increase in the mean labeling index of
CD8+ T-lymphocyte cells in OSCC (27.59 ± 12.71) and OED (21.77 ± 7.99) than normal mucosa (6.40 ± 3.01)
with a mean difference of 21.18 and 15.36, respectively. A significant variation in the number of CD8+ T
lymphocytes was noted between OED and normal mucosa, OSCC, and normal mucosa, as well as between
OED and OSCC. These observations agree with the findings of Zancope et al. and Fang et al., who
demonstrated a higher number of CD8+ T lymphocytes in OSCC compared with normal mucosa and
premalignant lesions [1,13]. The higher number of CD8+ cells correlated with a lower mitotic index and a
tendency toward a higher survival period [3].

Our study results showed a statistically significant increase in the mean value of the number of CD57+ NK
cells in the connective tissue stroma of OSCC than OED and normal mucosa. The expression of CD57 was
found to be the highest in OSCC, followed by OED and normal mucosa. A significant variation in the number
of CD57+ NK cells was obtained between OED and OSCC, between OED and normal mucosal samples, and
between OSCC and normal mucosa. Zancope et al. have shown a positive correlation between the overall
survival rate and CD57+ NK cell counts in OSCC. Their study concluded that CD57 expression could be
considered a powerful indicator of overall survival in patients with oral cancer [13].

Quality of life assessment is very critical for patients with OSCC [14]. Early diagnosis has a crucial role in
determining the long-term prognosis. Researchers have demonstrated the presence of numerous NK cells
and cytotoxic T lymphocytes in head and neck tumors. Increased numbers and dense infiltration of these
immune cells are intended to kill abnormal tumor cells [15]. The use of immunohistochemical markers such
as CD44, CD24, and NANOG in OSCC and OED has been correlated with survival and recurrence [16-18].
Metronomic therapy has been implemented for OSCC among Indian patients but its response or case
selection could be influenced by the identification of relevant biomarkers or immunohistochemistry [16].

Santos et al. [19] have reported that higher CD8 expression was noted in T1 and T2 tumors of OSCC. Huang
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et al. [20] have emphasized the positive impact of CD57+ cell infiltration in clinical early-stage OSCC on
overall survival. Ani et al. [21] have reported a reduction in the mean labeling index from well-differentiated
OSCC to poorly differentiated OSCC. In our study, the expression of CD8 and CD57 was found to be higher in
poorly and moderately differentiated tumors compared to well-differentiated OSCCs. However, this
difference was not statistically significant. Similarly, the expression of CD8 and CD57 was higher in samples
exhibiting moderate and severe dysplasia as compared to mild dysplasias.

The limitation of this study is that incisional biopsy specimens were used as study samples, and hence, it
was difficult to assess the lymph node metastasis and proliferative index of the lesion. It is pivotal that
future studies are performed using larger samples and regular follow-up of patients to provide a better
understanding of the role of CD8+ T lymphocytes and CD57+ infiltrating immune cells and its impact on
tumorigenesis, host immune response, and prognosis, thereby providing new clues to therapeutic strategies.

Conclusions
The morbidity and mortality are variable among patients with oral cancer based on their tumor staging at
the time of reporting. The tumor behavior, aggression, and recurring tendency are still not deciphered. Our
results suggest that the expression of CD8 and CD57 cells increased from normal mucosa to OED and the
highest expression was found in OSCC. Thus, CD8 and CD57 could be used as surrogate markers to assess
the malignant potential of OED.
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