
                     

 

 

* Corresponding author: Doaa E.A. Salama 

 E-mail: doaaelsayed.medg@azhar.edu.eg  

© 2024 by SPC (Sami Publishing Company) 

 

Journal of Medicinal and Chemical Sciences 7 (2024) 9-23 

 

 

Journal homepage: http://www.jmchemsci.com/ 

 

 

 

 

 

Original Article 

Immunohistochemical comparison of CD44 and Hypoxia 
Inducible Factor-1 Alpha (HIF-1α) in Oral Squamous Cell 
Carcinoma and Oral Epithelial Dysplasia: A comparative study 

Doaa E.A. Salama1,2,* , Abdulkarim Hasan3 , Gihan A. Balbola4 , Amany M. Taha4 , 
Hanaa M. Abdel-Samia4 , Azza Kamal Taha1 , Ghada S.I. Radwan1 , Rania Rifat 
Abdel-Maqsoud1 , Mohamed Fayek Abdelaleem5,6 , Abdulhadi Samman7 , Mehenaz 
Hanbazazh7 , Mohammed A. Alghamdi8 , Rajab A. Alzahrani8 , Mohamed Nady9 , 
Mostafa Ali M. Ibrahim9 , Hesham Abbas 10 , Diana Z. Saad11 , Essam Mandour 2  

1Pathology Department, Faculty of Medicine for Girls, Al-Azhar University, Cairo 11884, Egypt  
2Pathology Department, School of Medicine, Badr University in Cairo (BUC), Cairo 11829, Egypt 
3Pathology Department, Faculty of Medicine, Al-Azhar University, Cairo 11884, Egypt  
4Oral and Dental pathology, Faculty of Dental Medicine for Girls, Al-Azhar University, Cairo 11884, Egypt 
5Medixia Global LLC, Sharjah 32223, UAE 
6Preventive Medicine, Ministry of Health, Cairo 11516, Egypt 
7Pathology Department, Faculty of Medicine, University of Jeddah, Jeddah 21959, KSA 
8Otolaryngology division, Surgery Department, Faculty of Medicine, Albaha University, Albaha 65799, KSA 
9Otorhinolaryngology Department, Faculty of Medicine, Al-Azhar University, Cairo 11884, Egypt 
10Clinical Oncology Department, Faculty of Medicine, Al-Azhar University, Cairo 11884, Egypt 
11Pathology Department, Faculty of Medicine, Ain Shams University, Cairo 11566, Egypt  

A R T I C L E     I N F O 
 

A B S T R A C T 

Article history 

Receive: 2023-07-17 

Received in revised: 2023-08-23 

Accepted: 2023-08-23 

Manuscript ID: JMCS-2308-2244 

Checked for Plagiarism: Yes 

Language Editor:  

Dr. Fatima Ramezani 

Editor who approved publication:  

Dr. Ali Delpisheh  

DOI:10.26655/JMCHEMSCI.2024.1.2 

 This study aimed to evaluate the expression of hypoxia inducible factor-1 
alpha (HIF-1α) and CD44 markers to detect their potential role in the 
progression of oral epithelial dysplasia (OED) to oral squamous cell 
carcinoma (OSCC). The study involved 50 patients with different grades of 
OED and OSCC taken from different anatomical sites by the head and neck 
surgeons. The pathologists used ordinary stained slides for histological 
evaluation and immunostaining of HIF-1α and CD44 antibodies using 
conventional and remote examination tools. The results showed that the 
mean area percentage of HIF-1α and CD44 immunostaining was 
significantly higher in severe dysplasia, followed by moderate dysplasia 
and mild dysplasia. Similar results were observed in OSCC, with poorly 
differentiated OSCC showing the highest mean expression and the mean 
area percentages in all cases were higher in OSCC (44.24%) and (47.09%) 
than in OED (14.50%) and (20.29%). The study concluded that HIF-1α and 
CD44 markers could be helpful in accurate classification of oral epithelial 
lesions with potential and therapeutic value, however further clinical 
studies are recommended. 
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G R A P H I C A L A B S T R A C T 

 
Introduction 

Oral cancer is the 16th most prevalent malignancy 

and the 15th most common cause of death 

worldwide. About 350,000 new cases of oral 

cancer are detected each year according to the 

International Agency for Research on Cancer 

(IARC). Oral squamous cell carcinoma is the most 

widespread type of oral cancers, which has 

substantial morbidity and mortality (5-year 

survival is around 60%) despite treatment. Oral 

epithelial dysplasia (OED) is a common precursor 

or associated with many OSCCs, if increasing the 

risk of developing cancer when the dysplasia 

progresses [1-4]. Tumorigenesis is a multi-step 

and complex process that is partly correlated 

with the interaction of many cancer-promoting 

pathways and the emergence of the tumor 

microenvironment. The tumor lacks oxygen due 

to the cancer cells’ quick proliferative cycle and 

the ineffective blood supply. Cancer cells employ 

various metabolic pathways, including activation 

of the HIF1 factor, the most important regulator 

of oxygen homeostasis, to make up for oxygen 

deficit and adaptability within the tumor 

microenvironment [5]. In response to hypoxia, 

cancer cells in solid tumors, like head and neck 

squamous cell carcinoma (HNSCC), express the 

hypoxia-inducible factor-1 Alpha (HIF-1α), which 

is important for tumor development, cell 

migration, angiogenesis, metastasis, cancer stem 

cells (CSCs) maintenance, and resistance to 

therapy [6-9].  

HIF-1α overexpression has been associated with 

unfavorable outcomes for several malignancies, 

including OSCC, according to numerous studies 

[10-12]. Cluster of differentiation 44 (CD44) is a 

type I transmembrane glycoprotein that serves as 

a key adhesion molecule and hyaluronic acid 

receptor. It has been linked to CSC-like 

characteristics such as enhanced cell motility, 

migration, and invasion. Furthermore, epithelial 

to mesenchymal transition (EMT) induction by 

CD44 has been detected in various cancer types 

including HNSCC [13-16]. Numerous studies have 

shown that CD44 and hypoxia-inducible signaling 

are related. The CD44 expression and other 

markers conferring stem cell capability is 

elevated by hypoxic stimulation of different 

cancer cell types. These imply that CD44 is 

increased in hypoxic conditions via HIF-1α, which 

aids in HIF-1-mediated cancer growth [17, 18].    

However, there has not been much research done 

on HIF-1α and CD44 correlation in OSCC yet. In 

addition, little research has been done on the 

connection between these two proteins and the 

development of oral dysplasia into OSCC. 
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Concerning these insightful foundations, we 

designed our research to investigate the 

immunohistochemical expression of HIF-1α and 

CD44 in OED and OSCC to comprehend their roles 

in progression of tumor and to predict their 

potential prognostic and probable therapeutic 

value in cases of OSCC. We used both 

conventional microscopy (CM) and telepathology 

system (TP) for evaluation of cases in agreement 

with independent examiners. 

Materials and Methods  

Patients 

This retrospective study evaluated 60 specimens 

of paraffin-embedded tissue blocks including 25 

cases of OED and 25 cases of OSCC in addition to 

10 cases of normal oral mucosa after exclusion of 

abnormalities that were collected from archives 

of Al-Azhar University Hospitals (Al-zahraa), 

Faculty of Medicine, pathology and oral pathology 

departments between 2019 and 2022. The 

available pathological data were retrieved from 

the pathology reports and medical files of the 

patients with communication of the clinicians in 

concern taking consultation from outside experts 

when indicated. The clinical examination 

performed by the clinicians concerned in 

maxillofacial and ENT departments and biopsies 

were obtained from the anatomical sites as 

follows: The 25 specimens of OED were taken 

from the buccal mucosa (16 cases) and floor of 

the mouth (9 cases) while 25 specimens of OSCC 

were taken, six from the tongue, three from the 

gingiva, three from the floor of the mouth, nine 

from the buccal mucosa, and four from the hard 

palate. Routine histological examinations were 

carried out by pathologists to validate their 

diagnosis and assess their histopathologic grade 

in accordance with the World Health 

Organization (WHO) categorization [19]. The 

final diagnoses of all the studied patients were 

decided with aid of telehealth technology to 

support communication at a distance with the 

investigators, clinicians, and patients when 

indicated for this study.  

Exclusion criteria include cases lacking 

agreement with at least four independent 

pathologists on the diagnosis of the ordinary 

stained slides or the scoring of the 

immunohistochemical staining. Furthermore, 

cases lacking archived tissue blocks or relevant 

clinic-histological data were also excluded. 

Immunohistochemistry 

4 μm sections of formalin-fixed, paraffin-

embedded tissue were submitted to 

immunohistochemistry. An automated 

immunohistochemical stainer was used (Bond, 

Leica Biosystems) with Bond Polymer Refine 

Detection System. The protocol in immunostainer 

was: Antigen retrieval with citrate buffer pH 6.0 

for 20 minutes, and then the slides were 

incubated with anti-HIF-1α (clone [H1alpha67], 

cat. ab179483, Abcam, USA, dilution 1: 200) and 

anti-CD44 (CLONE, [EPR18668], Cat. Ab189525, 

Abcam, USA, dilution 1: 500) both of them are 

mouse monoclonal antibodies, for 30 min at room 

temperature. ImmPRESS kit (Vector Laboratories, 

Burlingame, USA) was used for polymeric 

detection. Thereafter, chromogen 3.30-

diaminobenzidine (DAB, Vector Laboratories, 

Burlingame, USA) was used to detect the antigen-

antibody reaction. The sections were 

counterstained with Hematoxylin (Mayer’s, 

Modified, [ab220365]). Positive 

immunohistochemical control slides for HIF1α 

and CD44 were tonsillar tissue and breast 

carcinoma, respectively. Negative control 

sections were prepared with the exclusion of the 

primary antibody. 

Histomorphometric analysis 

Using a computerized Leica image analyzer (Leica 

Qwin 500 software, Germany), immunoreactivity 

for both HIF1 and CD44 was assessed by 

determining the area percentage of +ve 

immunostained cells. The measurement units in 

pixels automatically changed into micrometer 

units. A standard measuring frame of 11434.9 

μm2 was used as a reference with a magnification 

(200) used to calculate the area % of both HIF-1 

and CD44 expression. A blue binary color was 

used to mask the reactive areas of positive 

immunostaining. Ten fields/slide sections of each 

case histomorphometrically evaluated. After that, 
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mean values for each specimen were calculated 

and recorded as prepared for comparison. 

Whole slide imaging and telepathology 

All cases were scanned at magnification of x40 by 

a slide scanner machine (Aperio XT image Scope, 

Leica Biosystem, Buffalo Grove, IL) and were 

loaded onto their accompanying proprietary 

server (Spectrum E_Slide Manager, v.11.2.0.780, 

Leica Biosystem). Images were accessed via local 

server through an individual login used by staff in 

concern. Examiners were asked to give their 

description, diagnosis, and evaluation regarding 

type of staining and staining pattern throughout 

the WSI evaluation. After evaluation of the slides 

by the pathologists in laboratory, slides were 

shared with remote pathology experts using the 

technology of telepathology to give (blindly) their 

description and evaluation of the studied cases. 

The pathology departments had no telepathology 

platform, but electronic approach software was 

used for this study to provide accurate diagnosis 

and evaluation of the studied cases depending on 

the telecommunication links enabling electronic 

transmission of the digital pathology images and 

immunohistochemical stained slides’ images 

when indicated to get a sufficient agreement on 

the final reporting. A simple secured sharing 

technology was used to share high quality 

images. 

Statistical analysis 

The SPSS software version 23.0, (SPSS Inc., 

Chicago, Illinois, USA) was used to evaluate the 

recorded data. The numerical information was 

displayed as mean, standard deviation, and 

ranges. The One-way ANOVA was used to 

compare several means and Tukey’s test was 

applied for multiple comparisons between 

several variables. When comparing two means, 

an independent-sample t-test was used. The 

correlation between two sets of variables was 

evaluated using Pearson’s correlation coefficient 

(r) test. Concordance was calculated for case 

subtype and the methodology as the number of 

histopathology or immunostaining cases in 

agreement with the primary examining 

pathologists divided by the total number of 

evaluated cases. To compare the interpretation 

methodologies, 95% confidence intervals (CI) 

were considered using incorporating continuity 

correction score method. Differences with a P-

value<0.05 is regarded as statistically significant. 

Results and Discussion 

This study assessed cases with 100% diagnostic 

agreement between pathologists. Of the 25 cases 

of OED, 9 cases were diagnosed as mild dysplasia 

(18%), 8 cases were moderate dysplasia (16%), 

and 8 cases were severe dysplasia (16%), and of 

the 25 cases OSCC, 10 cases were diagnosed as 

well-differentiated OSCC (WDOSCC) (20%), 8 

cases were moderately differentiated OSCC 

(MDOSCC) (16%), and 7 cases were poorly 

differentiated OSCC (PDOSCC) (14%). Patients’ 

age ranged from 25-72 years old with male 

predominance (35 males versus 15 females).  A 

concordance of 87% was achieved for 

immunohistochemical expression whereas 

histological diagnosis of oral lesions revealed 

96% concordance between telepathology and 

conventional microscopy. Nine cases were 

excluded due to lack of concordance. 

Histopathological findings 

In mildly dysplastic tissue, changes appeared in 

basal and parabasal cells, the changes included 

basal cell loss of polarity, hyperchromatism, 

pleomorphism, and abnormal mitosis. In 

moderate dysplastic tissue, changes appeared 

showing loss of polarity of basal cells; 

pleomorphism and hyperchromatism not extend 

beyond the mid portion of the epithelial 

thickness. In severe dysplastic tissue, the full 

thickness of epithelium showed cytological and 

architectural changes involved the full thickness 

of epithelium with intact basement membrane. 

The underlying connective tissue showed dilated 

blood vessels and chronic inflammatory cells 

(Figure 1a, b and c). WDSCC specimens showed 

invasive islands of malignant epithelial cells 

within the underlying connective tissue, 

exhibited pleomorphic neoplastic cells with 

hyperchromatic nuclei and abnormal mitotic 

figures with formation of multiple keratin pearls 

and individual cell keratinization, while in 
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MDSCC, the invasive nests of neoplastic cells 

showed increased criteria of malignancy with 

decrease keratin formation. In PDSCC, the tumor 

cells displayed loosely adherent pleomorphic 

cells invading deep connective tissues without 

keratin formation (Figure 2a, b, and c). 

Immunohistochemical findings 

HIF1α immunostaining was detected in 

cytoplasm and nuclei of the basal cell layer in 

mild dysplasia, basal and suprabasal layers in 

moderate dysplasia, while in severe dysplasia, it 

was present in the full thickness of epithelium 

(Figure 1d, e and f). HIF1α immunostaining was 

detected in the cytoplasm and or nuclei of 

neoplastic epithelial cells invading connective 

tissue of the three grades of OSCC (Figure 2d, e 

and f). Regarding HIF-1α expression in different 

grades of OED, the mean HIF-1α area % was 

found to be the highest in severe dysplasia 

(23.79%) followed by moderate dysplasia 

(11.95%), and then mild dysplasia (7.76%) with 

statistically significant difference between 

different grades of OED cases (P<0.05).  

While the mean HIF-1α area % in different grades 

of OSCC was found to be the highest in PDSCC 

(56.16%), followed by MDSCC (46.01%) and the 

lowest mean value was in WDSCC (30.56%) with 

a highly significant difference between different 

grades of OSCC cases (P<0.001) (Table 1). 

 

Figure 1: Photomicrographs of different histologic grades of OED. Histopathological features of mild dysplasia 

(a), moderate dysplasia (b), and severe dysplasia (c) (H&E staining, 200x). Immunohistochemical staining for 

HIF-1α in mild dysplasia showing cytoplasmic and nuclear expression in the basal cell layer (d), in moderate 

dysplasia showing cytoplasmic and nuclear expression in basal and suprabasal dysplastic cells (e), and in severe 

dysplasia showing cytoplasmic and nuclear expression in the whole thickness of dysplastic epithelial cells (f) 

(HIF-1α IHC staining, 200x). Immunohistochemical staining for CD44 in mild dysplasia showing membranous 

expression in basal cells (g), in moderate dysplasia showing membranous expression in basal and suprabasal 

cells (h), and in severe dysplasia showing membranous expression in the full thickness of dysplastic epithelial 

cells (i) (CD44 IHC staining, 100x). 
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Figure 2: Photomicrographs of different histologic grades of OSCC. Histopathological features of well 

differentiated SCC (WDSCC), (a) moderately differentiated SCC (MDSCC), (b) poorly differentiated SCC (PDSCC), 

and (c) (H&E staining, 200x). Immunohistochemical staining for HIF-1α showing cytoplasmic and nuclear 

expression in WDSCC, (d) MDSCC, and (e) PDSCC (f) (HIF-1α IHC, 200x). Immunohistochemical staining for CD44 

in WDSCC showing membranous expression (g), showing membranous and cytoplasmic expression in MDSCC 

(h), and PDSCC (i) (CD44 IHC staining, 100x) 

Table 1: Comparison between different grades of OED and OSCC regarding HIF-1α mean area % 

HIF-1α area % 

 Mean±SD Range ANOVA test P-value 

Dysplasia 

Mild 

Moderate 

Sever 

7.76±4.21 

11.95±6.87 

23.79±8.18 

4.57-14.49 

5.41-23.06 

13.77-32.54 

 

7.862 

 

0.007* 

 

Carcinoma 

WDSCC 30.56±12.32 17.50-47.11  

6.065 

 

0.015* MDSCC 46.01±11.02 36.21-64.69 

PDSCC 56.16±11.76 42.05-70.47 

*ANOVA and Tukey’s tests were used; **P-value <0.05 is significant.; OSCC: Oral squamous cell carcinoma, WDSCC: 

Well differentiated squamous cell carcinoma, MDSCC: Moderately differentiated squamous cell carcinoma, and PDSCC: 

Poorly differentiated squamous cell carcinoma.   
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CD44 immunostaining was detected in cytoplasm 

and/or nuclei of the basal layer in mild dysplasia, 

basal and suprabasal layers in moderate 

dysplasia, while in severe dysplasia, it was 

detected in the whole dysplastic cell layers 

(Figure 1g, h and i). Cell membrane and sometime 

cytoplasmic immunostaining of CD44 was 

detected in the neoplastic epithelial cells invading 

connective tissue of the three grades of OSCC 

(Figure 2g, h and i). Concerning the comparison 

of CD44 expression between different grades of 

OED, the mean CD44 area % was found to be the 

highest in severe dysplasia (30.03%), followed by 

moderate (17.25%), and then mild dysplasia 

(13.58%) with a highly significant difference 

between different grades of OED cases (P<0.001). 

Regarding CD44 expression in different grades of 

OSCC, the mean CD44 area % was found to be the 

highest in PDSCC (56.01%), followed by MDSCC 

(51.26%) and the lowest mean value was in 

WDSCC (33.99%) with a highly significant 

difference between different grades of OSCC 

cases (P<0.001) (Table 2).  

Comparison of HIF-1α expression in the OED 

group with the OSCC group revealed that the 

mean HIF-1α area % in OED was (14.5%) while in 

OSCC was (44.24%) which was significantly 

higher (P<0.001) in OSCC compared with OED. 

Regarding the comparison of CD44 expression in 

the OED group with the OSCC group revealed that 

the mean CD44 area % in OED was (20.29%), 

while in OSCC was (47.09%) which was 

significantly higher (P<0.001) in OSCC as 

compared with OED (Table 3). 

Regarding OED, there was a highly significant 

positive correlation (P<0.001) between both 

markers when using Pearson’s correlation 

coefficient (r) test, where (r-value 0.713), (p-

value 0.003) (Figure 3). Furthermore, OSCC 

showed a significant positive correlation 

(P<0.05) between both markers, where (r-value 

0.581), (P-value 0.023) (Figure 4).  

Oral cancers are caused by a long-term 

accumulation of mutations that eventually 

transform normal mucosa into dysplasia and then 

invasive carcinoma. Early detection of high-risk 

oral premalignant condition is essential for 

reducing mortality and morbidity while 

maintaining the most effective method of 

preventing cancer transformation [20, 21].  

 
Table 2: Comparison between different grades of OED and OSCC regarding CD44 mean area % 

*ANOVA & Tukey’s tests were used.  

 **P-value <0.001 is highly significant. 

Table 3: Comparison between OED and OSCC according to HIF-1α and CD44 mean area % 

Area% for HIF1  OED  OSCC  t-test  P-value  

Mean–SD  14.50±9.33  44.24±15.37  
-6.406  <0.001**  

Range  4.57-32.54  17.5-70.47  

Area% for CD44  

Mean–SD  20.29±8.43  47.09–11.28    

Range  9.31±37.02  27.13-61.5  -7.373  <0.001**  

*Independent Sample t-test was used; **P-value <0.001 is highly significant. 

CD44 area %. 

 Mean±SD Range ANOVA test P-value 

Dysplasia 

Mild 

Moderate 

Severe 

13.58±5.15 

17.25±3.19 

30.03±5.04 

9.31-21.38 

12-20.04 

23.86-37.02 

 

18.033 

 

<0.001** 

Carcinoma 

WDSCC 33.99±5.33 27.13-39.41  

18.446 

 

<0.001** MDSCC 51.26±7.96 39.53-61.50 

PDSCC 56.01±4.18 51.20-60.6 
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Despite the accessible histopathologic 

examination, more than 60% of all OSCCs are 

diagnosed when metastatic condition is already 

present [22]. The most common associated and 

well-known risk habits for this type of 

malignancy include tobacco and alcohol 

consumption [23]. However, molecular studies 

have revolutionized cancer research in recent 

times, leading to the discovery of hundreds to 

thousands of genes involved in the development 

of various types of cancers including OSCC. These 

studies are trying to find more useful markers as 

the indicators for cancer risk and disease 

progression [24]. The search for the early stage 

OSCC biomarkers has been the goal for a number 

of researches; however, none of them yielded 

with clinically useful exploitable biomarkers for 

OSCC early diagnosis [25].  

 

Figure 3: Scatter plot between area % for CD44 and HIF-1α among OED 

 

Figure 4: Scatter plot between area % for CD44 and HIF-1α among OSCC 
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Overexpression of HIF-1α marker has been 

shown to be associated with tumor cell growth in 

patients of gastric, colorectal, pancreatic, cervical, 

endometrial, ovarian, breast, and head and neck 

carcinomas [26-30]. However, a consensus on 

this association with head/neck cancer is yet to 

be attained [31].   

Our study showed expression of HIF-1α marker 

in various grades of OED cases in keeping with 

Patel et al. (2019) and Tilakaratne WM et al. 

(2008) who found that staining of HIF-1α was 

present up to half of the epithelium for cases of 

mild and moderate dysplasia and the full 

thickness in severe dysplasia [32, 33]. 

HIF-1α degradation is inhibited due to hypoxic 

conditions in addition to some other conditions 

including normoxic conditions [34]. HIF-1α 

activates the downstream target genes 

transcription which regulate many biological 

significant processes, including angiogenesis, 

glucose metabolism, cell proliferation, pH 

regulation, and migration [35, 36].  

Thus, oral premalignant disorders like oral 

submucous fibrosis (OSMF) were also found to 

have a significant HIF-1α expression in the basal 

and suprabasal layers of the epithelium, 

according to Pereira TV et al. (2020) which 

demonstrates the role of hypoxia in OSMF 

malignant transformation and that the HIF-1α 

expression is an early event in oral 

carcinogenesis [36].     

Regarding HIF-1 expression in different grades of 

OSCC, nuclear HIF-1 expression was more 

pronounced and intense in advanced grades in 

this study. Our findings concurred with those of 

Ogane et al. (2010), who examined HIF-1 

expression in OSCC by emphasizing the nuclear 

distribution rather than the cytoplasmic one. 

They found that the activation of HIF-1α, which is 

translocated to the nucleus to dimerize with the 

HIF-1β subunit to form the HIF-1 molecule, 

highly correlates to its nuclear pattern 

predominance, which may control various 

signaling pathways involved in tumor 

aggressiveness [37].    

In the current study, the mean HIF-1α area % in 

various grades of OED was significantly higher in 

severe dysplasia (23.79%) followed by moderate 

(11.95%), and then mild dysplasia (7.76%). This 

was consistent with the findings of Patel et al. 

(2019) [32].  

When comparing the various OSCC grades 

according to the HIF-1α mean area% in our 

study, PDSCC (56.16 %) had a significantly higher 

mean than MDSCC (46.01%) and WDSCC 

(30.56%). This finding is concordant with Zheng 

et al. (2013) who discovered that HIF-1α mRNA 

levels were significantly elevated in tongue 

cancer and correlated positively with the 

pathological grade [38]. Similalry, Hu X. et al. 

(2020) reported that HIF-1α expression was 

strongly associated with the aggressiveness of 

esophageal squamous cell carcinoma (ESCC) and 

tumor metastasis [39].    

Furthermore, HIF-1α area % showed a 

significantly higher mean in OSCC (44.24%) 

compared to OED (14.50%). Our findings 

concurred with those of Patel et al. (2019) who 

found there was a significantly higher mean HIF-

1α labeling index in OSCC compared to OED. HIF-

1α expression may have been elevated in oral 

malignancies because of activation of growth 

factors such as epithelial growth factor, cytokines 

(like PGE 2), and Ras protein, which increased 

HIF-1α expression in human cancer cells. Hence, 

HIF-1α expression increases from OED to OSCC 

indicating that HIF-1α upregulation occurs in the 

early stages of carcinogenesis [32]. 

In the current study, CD44 immunopositivity in 

various grades of OED cases was similar to the 

results of Gupta P et al. (2021) who found that 

there is an increase in the intensity and the 

percentage of immunostaining of CD44 with 

increasing degree of dysplasia [40]. On the 

evaluation of the OSCC cases in our result, the 

staining pattern varied from membranous in 

well-differentiated grades to membranous and 

cytoplasmic immunostaining in moderately and 

poorly differentiated grades. These results are 

concordant with another study that found 

membranous and cytoplasmic staining of CD44 in 

OSCC cases. The cytoplasmic pattern of CD44 

might be interpreted by the connection of 

intracellular domain of CD44 with cytoskeletal 

linker proteins like ezrin and ankyrin via which it 

can facilitate cell migration on hyaluronan [41, 

42]. In the current study, the mean CD44 area % 

in various grades of OED was significantly higher 
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in severe dysplasia (30.03%), followed by 

moderate (17.25%), and then mild dysplasia 

(13.58%). These findings concurred with those of 

Surendran S. et al. (2017) who found that the 

CD44 expression positively correlated with the 

progression of oral potentially malignant 

disorders to more aggressive histologic type [43].     

Concerning CD44 expression in different grades 

of OSCC in the current study, CD44 mean area % 

was significantly higher in PDSCC (56.01%) than 

in MDSCC (51.26%) and WDSCC (33. 99%). This 

finding agreed with another study which found a 

significant increase in CD44 expression from well 

to poorly differentiated OSCC and has been 

associated with poor prognosis after surgical 

resection following neoadjuvant therapy [44].    

Similar to our study, the results of Adnan Y. et al. 

(2022) confirmed that increased expression of 

CD44 would increase the risk of malignancy and 

was associated with advanced T stages. It is 

hypothesized that CD44 stimulates pathways that 

initiate and promote the growth of tumor cells 

[44, 45].     

In contrast, Hema K. et al. (2014) reported that 

the CD44 expression decreased with increasing 

grade in OSCC and found that CD44’s low 

expression may be correlated to lymph node 

metastasis and tumor metastasis. This was 

explained by reduced cell-cell or cell-matrix 

adhesion in OSCC, which causes cells to separate. 

Therefore, the reduced expression of CD44 could 

be an indication of invasion and metastasis of the 

tumor [46]. 

Likewise, the CD44 area % showed a significantly 

higher mean in OSCC (47.09%) compared to OED 

(23.64%). That was consistent with another 

study that reported that CD44 expression was 

high in oral potentially malignant disorders and 

upraise subsequently into OSCC, suggesting that 

the CSCs could be involved in the progression of 

OED to OSCC [47]. Regarding the correlation 

between HIF-1α and CD44 in the current study, 

there was highly significant (P<0.001) and 

significant (P<0.05) positive correlation between 

HIF-1α and CD44 mean area % among OED, and 

OSCC cases, respectively. Furthermore, it was 

found that HIF-1α increases CD44 expression in 

several malignancies, including breast cancer 

cells and gastric cancer cells suggesting that a 

hypoxic microenvironment provides stem cells 

with an ideal environment to maintain their 

precursor status [48, 49]. To provide accurate 

diagnosis for the studied cases, we used 

telepathology technique in sharing cases with 

experts. Studies showed that any of the five main 

categories of telepathology (static, dynamic, 

robotic, whole slide imaging, or hybrid methods) 

can offer diagnostic accuracy rate similar to the 

traditional or conventional microscopy 

examination [50, 51]. We also compared the 

results of using such technique and high 

concordance was achieved.  

The limitations of this study were related to the 

lack of molecular features of related genes and 

also the correlation of both studied 

immunohistochemical markers with some clinical 

features and anatomical sites in addition to the 

lack of follow up data of the OED cases due to 

several factors related to the management 

centers specific for head and neck tumors in our 

institution. The number of the studies cases was 

not large number and the cases were taken from 

single institution. These should be considered in 

the future studies. 

Conclusion 

This study concluded that the expression of CD 

44 and Hypoxia Inducible Factor-1 Alpha 

markers are significantly increased in oral 

squamous cell carcinoma compared to oral 

epithelial dysplastic lesions and normal mucosa 

which can provide diagnostic accuracy as well as 

the potential prognostic role of both markers as 

the role of hypoxic microenvironment in oral 

squamous cell carcinoma development can be 

demonstrated by the gradual increase of 

immunostaining in different grades of OED and 

OSCC. More studies on both markers in larger 

number of cases with clinicopathological 

evaluation are recommended for testing also the 

targeting hypoxia as a promising treatment for 

oral squamous dysplastic to prevent 

invasiveness. A concordance of 87% was 

achieved for immunohistochemical expression 

evaluation whereas histological diagnosis of oral 

lesions revealed 96% concordance between 

telepathology and conventional microscopy. 
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