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ABSTRACT 
 

Tumor-associated tissue eosinophilia (TATE) has been associated with various tumors, 

including oral squamous cell carcinoma. However, the precise role of TATE in these 

contexts remains to be fully elucidated. The present study was undertaken to investigate 

the presence of tumor-associated tissue eosinophilia in oral squamous cell carcinomas 

(OSCCs) and its correlation with histopathologic grading. A total of 70 OSCC tissue 

samples were collected between 2016 and 2020 for examination. The samples comprised 

60 previously diagnosed cases of OSCC, classified as well-differentiated squamous cell 

carcinoma (WDSCC), moderately differentiated squamous cell carcinoma (MDSCC), and 

poorly differentiated squamous cell carcinoma (PDSCC). Two observers independently 

assessed TATE using Sirius red stain, with the average eosinophil count evaluated in 10 

fields under the ×40 objective lens. Statistical analysis involved the Student t-test, One-

way ANOVA, and chi-square test. The study encompassed 70 OSCC samples and 

corresponding healthy tissue, with OSCC predominantly found in the tongue, representing 

61.4% of cases. The total eosinophil count per high-power field (HPF10) was significantly 

higher in oral squamous cell carcinoma (OSCC) compared to healthy tissue. Furthermore, 

the mean TATE score was found to be considerably elevated in OSCC tissue. However, a 

one-way analysis of variance (ANOVA) revealed a statistically non-significant association 

between different grades of OSCC and eosinophil counts. However, the chi-square test did 

not indicate a significant association between eosinophil count and gender or age group. 

The present study underscores the heightened eosinophil count observed in cancerous 

tissues compared to healthy tissues. However, the variability in eosinophil counts across 

distinct OSCC grades remains ambiguous. Further investigation is recommended to delve 

into the infiltration of eosinophils in solid tumors and their potential role in predicting 

malignancies, particularly in OSCC. 

 

Keywords: Oral Squamous Cell Carcinoma, Sirius Red, Eosinophils, Stains, 

Tumor-Associated Tissue Eosinophilia. 
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1. Introduction 
Oral squamous cell carcinoma (OSCC) is a type of cancer 
that affects the mouth, including the tongue, lips, gums, and 
floor [1-4]. This condition has prompted significant health 
concerns on a global scale, primarily due to its impact on 
patients' quality of life. Despite strides in diagnostic 
methods and therapeutic interventions, OSCC persists as a 
formidable health challenge, exhibiting a five-year survival 
rate of only 50% [5, 6]. In recent years, there has been an 
escalating interest in elucidating the role of the immune 
system in the progression of oral squamous cell carcinoma 
(OSCC). Research findings have indicated that eosinophils 
within the tumor microenvironment play a role in tumor 
growth and invasion [9, 10]. While eosinophils are 
traditionally associated with reactions and parasitic 
infections, they have also been implicated in the 
development of various cancers, including OSCC [11]. The 
presence of eosinophils within the tumor microenvironment 
(TAME) has been explored as a potential marker for 
various types of cancer. In the context of OSCC, TATE has 
been associated with survival outcomes, suggesting a 
potential role for eosinophils in the progression of this 
disease [12, 13]. Conventionally, the evaluation of TATE 
has relied on the analysis of tissue samples, a process that 
can be subjective and may not accurately reflect the 
presence or extent of TATE. However, recent 
advancements in special staining techniques, such as 
immunohistochemical staining and Giemsa staining, have 
emerged to enhance the detection and quantification of 
eosinophils in tissue specimens. These techniques utilize 
antibodies to identify eosinophils and stain the cytoplasmic 
granules of eosinophils, respectively [14]. Despite the fact 
that several studies have evaluated the presence of TATE in 
OSCC, further research is necessary to determine how 
TATE varies across different grades of OSCC. The 
classification of OSCC is based on the degree of 
differentiation of the tumor cells, with higher stages 
indicating more aggressive tumors. A comprehensive 
understanding of TATE's variation across diverse OSCC 
sites could offer crucial insights into the role of eosinophils 
in cancer progression and the potential utilization of TATE 
as a prognostic marker [9, 15, 16]. The present study aims 
to evaluate the presence and extent of TATE in different 
grades of OSCC using special staining techniques. 
Specifically, immunohistochemical and Giemsa staining 
techniques will be employed to identify and quantify 
eosinophils in tissue specimens from patients with varying 
grades of OSCC. The findings of this study could offer 
significant insights into the role of eosinophils in OSCC 
and their potential as a prognostic marker for this disease. 

 
2. Materials and Methods 
2.1. Study design 
This laboratory study analyzed 70 tissue samples, including 
60 cases of oral squamous cell carcinoma (OSCC) and 10 
samples of normal tissue. The tissue blocks were obtained 
from the archives of the Cancer Institute at Imam Khomeini 

Hospital, Tehran University of Medical Science, Iran, 
between the beginning of 2016 and March 2020. Following 
histopathological diagnosis, the OSCC tissue samples were 
stratified into three groups: Group 1 consisted of 20 cases 
of well-differentiated OSCC (WDSCC); Group 2 had 20 
cases of moderately differentiated OSCC (MDSCC); and 
Group 3 included 20 cases of poorly differentiated OSCC 
(PDSCC). 
2.1.1. Inclusion Criteria 
The present study included individuals diagnosed with 
different grades of OSCC through histopathological 
examination. The clinical data of the sample, including age, 
sex, habits, and lesion site, were obtained from the records. 
2.1.2. Exclusion Criteria 
Patients with other concurrent primary tumors or metastatic 
tumors of the oral cavity or jaw bones will be excluded 
from the study. Individuals with a documented history of 
chemotherapy and radiotherapy will also be excluded from 
the study. The histological sections were classified 
according to Broder's criteria for differentiation. To prepare 
for histochemical staining, 2-micron sections were obtained 
from selected paraffin blocks using a Japanese Sakura 
microtome machine. A sharp cutting blade was utilized to 
obtain suitable slides, and blocks exhibiting a smooth 
surface were documented. The obtained sections were then 
transferred to an alcohol-water solution (comprised of one 
part 96-degree alcohol and two parts water) using tweezers, 
with the objective of removing any tissue wrinkles. 
Subsequently, the cut strips were transferred to lukewarm 
water (45 to 48 degrees Celsius), and a slide composed of 
the relevant sections that had been dipped in albumen glue 
was removed from the water. The slices were then 
subjected to a process of dewatering, a procedure that 
involved the removal of excess moisture. Following this 
step, the slices were placed in an autoclave, a specialized 
apparatus used for high-temperature sterilization. The 
autoclave was set to 60 degrees Celsius, which is equivalent 
to the melting temperature of paraffin. The slices were 
maintained within the autoclave for a duration of half an 
hour, a time sufficient to ensure the complete dissolution of 
the paraffin and the optimal adhesion of the tissue to the 
slide. The slides were then placed in a Gezilel container for 
a period of twenty minutes, during which the tissue paraffin 
was removed. For Sirius Red staining, deparaffinized slides 
were first immersed in alcohol. Subsequently, the slides 
were immersed in hematoxylin for a period of two minutes, 
followed by a thorough rinse. Subsequently, the slides were 
immersed in a 1% alcohol acid solution (hydrochloric acid) 
for a duration of 5 seconds and then thoroughly rinsed with 
water. The following step involved placing the slides in 
100% alcohol, in Sirius Red alkaline dye (PH=8-9), for a 
period of two hours. Following this step, the slides were 
thoroughly washed with running water for a duration of 
three minutes. Thereafter, they underwent a process of 
dehydration using alcohol, followed by clarification with 
xylyl. To protect the tissue, coverslips were affixed onto the 
slides. 
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2.2. Eosinophil Counting Method in Tumor Connective 
Tissue 
The quantification of eosinophil cells within the connective 
tissue of the tumor was conducted using an Olympus C21 
microscope (Japan). A total of ten random areas were 
selected within the tumor, and the number of eosinophil 
cells in each area was counted at a magnification of 400. 
The mean number of tissue eosinophils (TATE) in these 
areas was subsequently calculated and categorized into 
three distinct classes as outlined in the literature [17]: 
-Grade 0: (0-2) 
-Grade 1: (3-10) 
- Grade 2: (11-20) 
2.3. statistical Analyses 
The statistical software program SPSS version 21.0 was 
utilized to analyze the data with the aid of Student's t-test, 
one-way ANOVA, and chi-square. A P-value of less than 
0.05 was considered statistically significant. Continuous 
data were described as mean±standard deviation (SD), 
while categorical data were expressed as frequency and 
percentage. 
2.4. Ethical Consideration 
The study was approved by the Qazvin University of 
Medical Science's research ethics committee 
(IR.QUMS.REC.1399.060). The data collected were 
exclusively utilized for the purposes of this study, and the 
confidentiality of the participants was maintained at all 
times. 

 
3. Results 
Of the 70 samples of oral squamous cell carcinoma 
(OSCC) and healthy tissue included in the study, 48 
(68.6%) were male with a mean age of 56.9±5.16 years, 
and 22 (31.4%) were female with a mean age of 63.69±3.6 
years. The OSCC cases were categorized based on OSCC 
incidence and grading, as shown in Table 1. The age of the 
participants ranged from 31 to 91 years, with a mean age of 
62.65 ± 6.15 years reported for all participants. The tongue 
was the most commonly affected site, accounting for 43 
cases (61.4%), while the least affected area was the hard 
palate, with only one patient (1.4%) reported (Table 1). The 
total mean count of eosinophils per HPF10 is as follows: 
zero (2-0): 29 cases (41.4%), 1+ (10-3): 36 cases (51.4%), 
and 2+ (20-11): 5 cases (7.1%) (Figure 1). Additionally, the 
mean TATE was estimated at 31.1±0.52 in healthy tissue 
but was significantly higher at 71.3±27.5 in OSCC tissue. 
Table 2 presents a frequency table that illustrates the 
quantity of tissue eosinophils in HPF10 and the tissue type. 
The Student t-test revealed a significant increase in the 
number of tissue eosinophils in OSCC compared to healthy 
tissue (P=0.026). However, the one-way ANOVA test 
(P=0.048) suggests that there is no significant association 
between different OSCC grades and the number of 
eosinophils. However, due to the limited sample size in 
each grade, it is challenging to ascertain a precise trend 
regarding the decrease or increase in eosinophils. The 
association between gender and the total number of 

eosinophils was evaluated using the chi-square statistical 
test, which showed no significant association (P=0.8). A 
similar outcome was observed when the chi-square test was 
employed to assess the relationship between age group 
frequency and the total number of eosinophils; this analysis 
yielded a P-value of 0.15, indicating that the observed 
association was not statistically significant. The final 
objective of the study was to investigate the association 
between the location of the tumor and eosinophils. The 
analysis revealed that a greater proportion of the samples 
were associated with the tongue, with a comparatively 
smaller proportion originating from other regions, such as 
the hard palate and mandibular bone. Consequently, the 
statistical significance of the relationship between 
eosinophil levels and tumor location could not be 
determined. 

 
4. Discussion 
Oral squamous cell carcinoma (OSCC) has emerged as a 
significant global health concern, impacting thousands of 
individuals annually. Consequently, the identification of 
factors associated with its prevention is of paramount 
importance. The tumor microenvironment, including 
stromal cells, has emerged as a pivotal area of research in 
cancer studies. The tumor stroma reflects essential features 
such as angiogenesis, inflammation, and invasion, with 
infiltration of inflammatory cells into the tumor stroma 
being observed in most tumors [3, 5, 9, 15, 16, 18]. Among 
the immune response and inflammatory cells, TAGE has 
been the focus of studies in various cancers, including the 
nasopharynx, larynx, lung, digestive system, oral cavity, 
and esophagus. However, the precise function of TATE in 
tumor progression remains to be fully elucidated by 
previous studies [19]. Eosinophils are cells with dual 
functions that can play a role in the stimulation and 
destruction of tumors. In the presence of eotaxin-1 
production by a tumor cell, eosinophils are attracted to the 
tumor site. The release of granule proteins, including 
neurotoxins, peroxidases, and cationic proteins, along with 
an increase in the permeability of tumor cells to these 
cytokines, leads to the destruction of the tumor [9]. It has 
been suggested that TATE can play a role in tissue 
remodeling, particularly in damaged muscle fibers due to 
the invasion of malignant cells [20]. Conversely, TATE has 
been observed to stimulate tumor angiogenesis by 
producing angiogenic factors. Furthermore, the presence of 
precursor enzymes such as MMP-9 and their inhibitors, 
including TIMP-1 and TIMP-2, suggests a regulatory role 
for these cells in the formation of the extracellular matrix 
[21]. Given the established role of eosinophils in 
angiogenesis and extracellular matrix, these cells may also 
contribute to tumor invasion and progression. The present 
study investigated the presence of eosinophils in healthy 
tissue and oral squamous cell carcinoma (OSCC), as well 
as the association between the numbers of eosinophils in 
different tumor histology degrees. The study examined a 
total of 60 samples from patients with OSCC and 10  
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 Number Percentage 

gender 
Man 48 68.6 

Female 22 31.4 

tissue type 

Healthy tissue 10 14.3 

Well-differentiated SCC 20 28.6 

Moderately differentiated SCC 20 28.6 

Poorly differentiated SCC 20 28.6 

TATE 

zero degree 29 41.4 

Grade 1+ 36 51.4 

Grade 2+ 5 7.1 

Site 

lingual 43 61.4 

the floor of the mouth 3 4.3 

lower lip 12 17.1 

Mandibular bone 2 2.9 

buccal mucosa 9 12.9 

hard palate 1 1.4 

 

Table 1. Frequency of sex, tissue type, histopathology grade, and site in the samples examined 

 

 

Figure 1. Oral squamous cell carcinoma, eosinophil (arrow), Sirius Red staining, magnification 400x 

 

TATE 0 +1 +2 overall P.value 

tissue type 

normal 
8 

(4/11  )%  

2 

(9/2% )  

0 

(0/0% )  

10 

(3/14% )  
 

 * 

026.0 

 
Degree of distinction Squamous cell 

carcinoma 

21 

(30% )  

34 

(6/48% )  

5 

(1/7% )  

60 

(7/85% )  

Degree of distinction Squamous 

cell carcinoma 

well differentiated 
4 

(7/5% )  

14 

(20% )  

2 

(9/2% )  

20 

(6/28% )  

0.048 moderately differentiated 
11 

(7/15% )  

8 

(4/11% )  

1 

(5/1% )  

20 

(6/28% )  

poorly differentiated and 

undifferentiated 

6 

(7/20% )  

12 

(1/17% )  

2 

(9/2% )  

20 

(6/28% )  

gender 

female 
20 

(6/28% )  

24 

(3/34% )  

4 

(3/8% )  

48 

(6/68% )  
0.8 

male 
9 

(9/12% )  

12 

(1/17% )  

1 

(5/4% )  

22 

(4/31% )  

 

Table 2: The relationship of TATE with tissue type, histopathological grade, lesion site, and gender. 

 



Hosseinzadeh et al / Archives of Razi Institute, Vol. 79, No. 6 (2024) 1345-1351 1349 

samples from healthy tissue. The demographic composition 
of the collected samples revealed a male-to-female ratio of 
2.18:1, with 68.6% of the samples originating from male 
subjects and 31.4% from female subjects. According to 
epidemiological studies, the incidence of OSCC is higher in 
men than in women, and the overall male-to-female 
incidence ratio is now 2 to 1. In the present study, the 
majority of the samples (61.4%) were from the tongue. 
This finding aligns with the epidemiological studies that 
have identified the tongue as the predominant site for oral 
malignancies. In other studies, TATE and various factors 
determining the prognosis of SCC have been investigated, 
yielding different results. Notably, the present study 
observed a significantly higher number of tissue eosinophils 
in OSCC compared to healthy tissue, as reported in 
previous studies [24, 26]. Concurrently, other researchers 
have obtained analogous results in their studies, which 
compared the number of tissue eosinophils in SCC and 
healthy tissue. A number of studies have identified a 
statistically significant discrepancy in the increase of tissue 
eosinophils between cancerous and healthy tissue [24, 26]. 
Additionally, Saravani et al. observed a higher average 
number of eosinophils in OSCC compared to precancerous 
oral lesions [27]. Furthermore, Razavi et al. found that the 
number of tissue eosinophils in OSCC is higher than in 
dysplastic tissue, and in dysplastic tissue, it is higher than in 
healthy tissue [28]. In the present study, the overall mean 
TATE in OSCC samples was 5.27, while in healthy tissue, 
it was 2.05. The eosinophil count was found to be 
significantly higher in cancerous tissue compared to healthy 
tissue. In a separate study by Saravani, the mean TATE was 
reported to be 90 in OSCC and 11.08 in one type of 
precancerous lesion [27]. In a separate study by Shani et al., 
the mean TATE in OSCC and healthy tissue was reported 
to be 3 and 2, respectively [24]. Razavi et al. reported 0.25, 
12, and 74 in healthy, dysplastic, and SCC tissues, 
respectively [28]. Consequently, these studies have led to 
the conclusion that eosinophils can be regarded as an 
adverse prognostic factor and a potential catalyst for the 
transformation of precancerous lesions into malignant ones. 
A critical factor in predicting SCC is the degree of tumor 
histopathological differentiation, which was classified into 
three categories based on Border's criteria in this study [29]. 
Concerning the relationship between TATE and SCC 
differentiation grade, the findings of this study indicated an 
absence of a statistically significant correlation between 
these two factors. However, due to the limited sample size 
in each group, the precise trend of increase or decrease in 
the number of eosinophils could not be ascertained. 
Consequently, the outcomes of this study can be consistent 
with those of other studies [19, 26, 27, 30] because no 
significant difference was observed in the presence of 
eosinophils in different degrees of SCC histology in these 
studies. Jain et al. [30] further underscores the significance 
of routine TATE examination in patients with SCC, though 
it remains unable to elucidate the underlying mechanism of 
TATE's inhibitory effect on tumors. This observation aligns 

with the findings of the present study. Conversely, 
contradictory results have been reported in other studies. 
Majumdar et al. [18] and Shani et al. [24] reported on the 
role of anti-tumoral tissue eosinophils, and according to 
their results, the number of tissue eosinophils was higher in 
SCC samples with good differentiation. Vaibhav et al. [31] 
also discussed the role of eosinophil stimulants in the tumor 
mechanism. Their findings indicated that the number of 
tissue eosinophils would also be higher when the tumor 
was more prominent and had a higher grade and stage. In 
other words, the lower the differentiation of tumor cells, the 
higher the number of tissue eosinophils. In a similar vein, 
Razavi et al. [28] noted that TATE levels escalate in 
response to the progression of dysplastic tissue from mild to 
severe stages or the progression of squamous cell 
carcinoma (SCC) towards higher degrees of differentiation. 
The discrepancies observed in the results of recent studies 
when compared to our findings may be attributable to 
various factors, including differences in counting and 
categorizing eosinophils, the sites of examination, the 
staining methods employed, variations in sample sizes, and 
potentially genetic and racial disparities among the study 
participants. Vaibhav et al. [31] and Majumdar et al. [18] 
utilized cabal-chromo trope staining in their respective 
studies, and Vaibhav et al. [31] also employed unequal 
numbers of samples in each grade (good differentiation: 30, 
moderate differentiation: 20, poor differentiation: 10). In 
contrast, the staining method employed in our study was 
Sirius red. The number of samples in each group was equal 
to 20. Additionally, Saravani [27] employed a distinct 
method, namely congo-red, utilizing a mere eight samples 
in each group. In a subsequent study, Razavi et al. [28] 
employed three staining methods: Sirius red, H&E, and one 
immunohistochemical staining. As previously stated, the 
Aladini classification system was utilized to categorize the 
counted eosinophils in our study. The mean number of 
TATE was then classified into four categories: zero: (2-0), 
1+: (10-3), 2+: (20-11), 3+: (30-21), and 4+: (30 ≤). In 
contrast, other researchers, such as Vaibhav et al. [31], 
classified the number of tissue eosinophils into three 
categories: mild (less than 50), moderate (50-120), and 
intense (more than 120). In contrast, Razavi et al. [28] 
employed the mean number of TATE for comparison 
without categorizing it into distinct degrees. Sirius red 
staining, a technique that has been utilized in numerous 
studies, represents a novel component of our research. For 
instance, only Saravani et al. [27] employed this method in 
their research. Sirius-red staining is a non-repetitive staining 
method, and studies can continue to use it. Some 
researchers have employed congo-red staining in isolation 
or in conjunction with alternative methods. In this study, we 
employed photochromic staining with Sirius red, a 
relatively inexpensive and readily available method that 
specifically identifies eosinophil cells, with the objective of 
enhancing the efficiency and precision of slide reading. As 
previously mentioned, the advantage of using this staining 
is that even if eosinophils do not have their normal and 
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specific morphology, they are better identified with this 
method than other staining techniques such as H&E and 
Congo red [27]. The stained lamellae exhibit a distinctive 
blue background, allowing for the clear identification of 
eosinophils with their characteristic red cytoplasm and 
prominent blue nuclei, which are typically binuclear. As 
demonstrated in the aforementioned studies, divergent 
outcomes have been documented in the analysis of SCCs 
within the head and neck region. A definitive conclusion 
regarding the presence of eosinophils in SCCs of the head 
and neck remains elusive. The observed discrepancy 
among studies can be attributed to potential variations in 
methodology, including the technique for enumerating 
eosinophils, as well as other confounding 
factors.Notwithstanding, there is ample evidence 
supporting the presence of eosinophils as inflammatory 
cells associated with various cancers, particularly epithelial 
types such as OSCC. Nevertheless, further research is 
necessary to ascertain the precise role of eosinophils in 
tumor growth, patient survival, and their potential impact 
on malignancy progression. In this study, we sought to 
elucidate the disparities in the number of tissue eosinophils 
between healthy and cancerous tissues, as well as the 
variations in eosinophil count among different grades of 
squamous cell carcinoma (SCC). Our findings revealed that 
eosinophil levels were significantly elevated in cancerous 
tissues compared to healthy tissues. However, the precise 
pattern of change in eosinophil levels across different 
histological grades of cancer remains to be fully elucidated. 
However, considering the findings from other studies, it is 
crucial for future research to continue investigating 
eosinophil infiltration in solid tumors. This will facilitate the 
development of a comprehensive understanding of their 
role in these contexts. In the contemporary context, the 
advancement of an invasive malignancy is influenced not 
only by genetic alterations in tumor cells but also by 
changes in the host stroma, endothelial cells, and immune 
or inflammatory cells. Given the synergistic performance of 
eosinophils with macrophages and lymphocytes, it is 
recommended that future studies investigate the 
simultaneous presence of these cells. Furthermore, it is 
recommended to evaluate the presence of these cells along 
with angiogenesis in tumors and their effect on this process, 
considering the role of eosinophils in the phenomenon of 
angiogenesis and the effectiveness of the angiogenesis 
process in predicting malignancies such as OSCC. 
 
Highlights 
Oral squamous cell carcinoma (OSCC) poses a 
considerable health threat, with a low survival rate. 
Eosinophils in the tumor microenvironment (TATE) have 
been linked to survival rates in OSCC. 
Special staining techniques have improved the detection 
and quantification of eosinophils in tissue specimens. 
This study aims to evaluate the presence and extent of 
TATE in different grades of OSCC using special staining 
techniques. 

Importance of the Study 
Understanding the role of eosinophils in OSCC and their 
potential as a prognostic marker. 
Providing crucial insights into the association between 
TATE and cancer progression. 
Evaluating the variation of TATE across different grades of 
OSCC. 
Limitations of the Study 
The analysis of tissue samples for TATE can be subjective 
and may not represent the true extent of TATE. 
The number of samples in each grade of OSCC was 
limited, requiring further statistical analysis. 
The association between eosinophils and tumor site could 
not be analyzed due to insufficient data. 
Implication for Practice Statement 
The results of this study may contribute to the development 
of prognostic markers for OSCC. 
Understanding the role of eosinophils in cancer progression 
can guide treatment strategies. 
Special staining techniques can be utilized in clinical 
practice to assess TATE in OSCC patients. 
 
 
Acknowledgment 
The authors express their profound gratitude to Qazvin 
University of Medical Sciences, Iran, for their substantial 
financial support. 

 
Authors' Contribution 
Conceptualization: M.H, A.T, A.M, and F.A; Data 
curation: M.H, A.T, A.M, and F.A; Formal analysis: Z.Y; 
Methodology: M.H, A.T, A.M, F.A, and Z.Y; Writing - 
original draft: M.H, A.T, A.M, F.A, and Z.Y; Writing - 
review & editing: A.M, and F.A.; All authors read and 
approved the final version of the manuscript. 
 
Ethics 
The study was reviewed and endorsed by the Research 
Ethics Committee of Qazvin University of Medical 
Sciences (IR.QUMS.REC.1399.060). 
 
Conflict of Interest 
The authors declare that they have no known competing 
financial interests or personal associations that could have 
appeared to influence the work reported in this paper. 
 
Supplementary Material 
Supplemental materials may be obtained upon request to 
the corresponding author. 
 
Data Availability 
The data presented in this study are available upon request 
from the corresponding author. 

 

 



Hosseinzadeh et al / Archives of Razi Institute, Vol. 79, No. 6 (2024) 1345-1351 1351 

References 

1. Tan, Y., et al., Oral squamous cell carcinomas: state of 

the field and emerging directions. International Journal of Oral 

Science, 2023. 15(1): p. 44. 

2. Azmoudeh, F., et al., Molecular prevalence of human 
papillomavirus types 16 and 18 in Oral squamous cell 
carcinoma using real-time PCR. Archives of Razi Institute, 
2023. 

3. Keshani, F., et al., Assessment of biochemical factors in blood 
serum of patients with oral squamous cell carcinoma. Dental 
Research Journal, 2023. 20(1): p. 81. 

4. Azmoodeh, F., et al., Frequency of Oral and Maxillofacial 
Tumors in the Samples Referred to the Pathology Department 
of Qazvin University of Medical Sciences. 2023. 

5. Badwelan, M., et al., Oral Squamous Cell Carcinoma and 
Concomitant Primary Tumors, What Do We Know? A 
Review of the Literature. Curr Oncol, 2023. 30(4): p. 3721-
3734. 

6. Mauceri, R., et al., Diagnostic delay of oral squamous cell 
carcinoma and the fear of diagnosis: A scoping review. Front 
Psychol, 2022. 13: p. 1009080. 

7. Venkatesiah, S.S., et al., Immunology of Oral Squamous Cell 
Carcinoma-A Comprehensive Insight with Recent Concepts. 
Life (Basel), 2022. 12(11). 

8. Sathiyasekar, A.C., et al., Overview of immunology of oral 
squamous cell carcinoma. J Pharm Bioallied Sci, 2016. 
8(Suppl 1): p. S8-s12. 

9. Ghaffari, S. and N. Rezaei, Eosinophils in the tumor 
microenvironment: implications for cancer immunotherapy. J 
Transl Med, 2023. 21(1): p. 551. 

10. Labani-Motlagh, A., M. Ashja-Mahdavi, and A. 
Loskog, The tumor microenvironment: a milieu hindering and 
obstructing antitumor immune responses. Frontiers in 
immunology, 2020. 11: p. 940. 

11. Rakesh, N., et al., Tumour associated tissue 
eosinophilia as a predictor of locoregional recurrence in oral 
squamous cell carcinoma. J Clin Exp Dent, 2015. 7(1): p. e1-6. 

12. Deepthi, G., P.G. Kulkarni, and K.N. SR, Eosinophils: 
An imperative histopathological prognostic indicator for oral 
squamous cell carcinoma. J Oral Maxillofac Pathol, 2019. 
23(2): p. 307. 

13. Choudhary, N., et al., Tumor associated tissue 
eosinophilia in oral squamous cell carcinoma: A systematic 
review and meta-analysis. J Oral Biol Craniofac Res, 2021. 
11(1): p. 33-39. 

14. Wabinga, H.R., Comparison of immunohistochemical 
and modified Giemsa stains for demonstration of Helicobacter 
pylori infection in an African population. Afr Health Sci, 
2002. 2(2): p. 52-5. 

15. Lee, T.-L., et al., Tumor-associated tissue eosinophilia 
promotes angiogenesis and metastasis in head and neck 
squamous cell carcinoma. Neoplasia, 2023. 35: p. 100855. 

16. Kaur, N., et al., To evaluate eosinophilia (tissue 
eosinophilia, blood eosinophilia and tissue eosinophilia/blood 
eosinophilia ratio) in increasing grades/severity of oral 

neoplastic lesions. Journal of Cancer Research and 
Therapeutics, 2023. 19(Suppl 1): p. S206-S211. 

17. Alkhabuli, J.O. and A.S. High, Significance of 
eosinophil counting in tumor associated tissue eosinophilia 
(TATE). Oral Oncol, 2006. 42(8): p. 849-50. 

18. Majumdar, B., et al., Tumor associated tissue 
eosinophilia as a potential predictor in the invasion patterns of 
oral squamous cell carcinoma. Journal of International Oral 
Health, 2016. 8(11): p. 1026. 

19. Yellapurkar, S., et al., Tumour-associated tissue 
eosinophilia in oral squamous cell carcinoma-a boon or a 
bane? Journal of Clinical and Diagnostic Research: JCDR, 
2016. 10(4): p. ZC65. 

20. Beunk, L., et al., Cancer invasion into musculature: 
Mechanics, molecules and implications. Semin Cell Dev Biol, 
2019. 93: p. 36-45. 

21. Quintero-Fabián, S., et al., Role of Matrix 
Metalloproteinases in Angiogenesis and Cancer. Front Oncol, 
2019. 9: p. 1370. 

22. Martinelli-Kläy, C., B. Mendis, and T. Lombardi, 
Eosinophils and oral squamous cell carcinoma: a short review. 
Journal of oncology, 2009. 2009. 

23. Jain, M., et al., Tissue eosinophilia in head and neck 
squamous neoplasia: an update. Experimental oncology, 
2014(36,№ 3): p. 157-161. 

24. Sahni, P., et al., Tumor associated tissue eosinophilia 
in oral squamous cell carcinoma: A histo-chemical analysis. 
The Malaysian Journal of Medical Sciences: MJMS, 2015. 
22(6): p. 21. 

25. Van Zyl, A.W. and B.K. Bunn, Clinical features of 
oral cancer: clinical review. South African Dental Journal, 
2012. 67(10): p. 566-569. 

26. Shrestha, P., et al., Tumor-associated tissue 
eosinophilia in oral squamous cell carcinoma–A predictable 
biological behavior. J Global Oral Health, 2020. 3: p. 3-8. 

27. Saravani, S., H. Kadeh, and A. Abilnajafzade, Tissue 
eosinophils as a histopathological marker in oral premalignant 
and malignant lesions: a histochemical study. Caspian Journal 
of Dental Research, 2017. 6(2): p. 8-14. 

28. Razavi, S.M., P. Deyhimi, and S. Homayouni, 
Comparative evaluation of eosinophils in normal mucosa, 
dysplastic mucosa and oral squamous cell carcinoma with 
hematoxylin-eosin, Congo red, and EMR1 
immunohistochemical staining techniques. Electronic 
physician, 2015. 7(2): p. 1019. 

29. Bhargava, A., S. Saigal, and M. Chalishazar, 
Histopathological grading systems in oral squamous cell 
carcinoma: A review. J Int Oral Health, 2010. 2(4): p. 1-10. 

30. Jain, M., et al., Assessment of tissue eosinophilia as a 
prognosticator in oral epithelial dysplasia and oral squamous 
cell carcinoma—an image analysis study. Pathology research 
international, 2014. 2014. 

31. Vaibhav, S.L., et al., Evaluation of Tumor-associated 
Tissue Eosinophilia in Different Stages of Oral Squamous Cell 
Carcinoma using Special Stains: An in vitro Histopathological 
Study. The Journal of Contemporary Dental Practice, 2018. 
19(5): p. 579-586. 


