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ABSTRACT:  

Background: Laryngeal benign and malignant neoplasia have a complex etiology. The 
two most significant ones are drinking and smoking. Laryngeal cancer has been linked to 
mucosal high-risk oncogenic Human Papillomavirus (hrHPV) types. Additionally, it has 
been shown that low-risk HPV (lrHPV) varieties are frequently found in head and neck 
malignancies. The etiology and carcinogenesis of various HPV types have been the subject 
of numerous investigations. 

Objectives: To evaluate a potential role of lrHPV6/11 in the pathogenesis and/or 
tumorigenesis of the tissues of laryngeal benign and malignant tumors by examining the 
co-expression of low-risk HPV 6/11 gene products and tumor suppressor gene protein 
(p53) expressions. 

Methods: Using chromogenic in situ hybridization for screening and 
immunohistochemistry for evaluating p53 overexpression, a retrospective study was 
carried out on 100 and 57 tissue block specimens with various laryngeal tumors to identify 
and genotype for screening and lrHPV6/11 by molecular technique.   

Results: The polyps group had a higher percentage of positive signal HPV6/11/p53 
intensities (4:44.4%) than the malignant (5:33.3%), nodules (2:28.6%), and seemingly 
healthy (1:9.1%) groups. In the malignant and polyp groups, the high positive signal 
percentage of HPV6/11/P53 score was moderate (++) at 2:100% and 1:33%, 
respectively. There were notable differences in the positive signal percentage of 
HPV6/11/P53 low score between the nodules group (1:100%) and the polyps group 
(1:33.3%). 

Conclusion: The co-expression of lrHPV6/11DNA and p53 cannot trigger 

tumorigenesis, but it facilitate the aggregation of somatic mutagenesis  subordinate to 

elevated DNA-damage and inhibition of cellular pathway for DNA damage response 

mechanism (cDDR) , therefore , co-infection of lrHPV type 6 as well as HPV11 with 

elevated level of p53 in benign and malignant laryngeal tumors could reflect a possible 

role in pathogenesis and tumorigenesis of  potentially precancerous lesions 

 

INTRODUCTION:  

Laryngeal tumors are abnormal growths on vocal cords or surrounding tissues, classified broadly into benign (non-cancerous) 

and malignant (cancerous). Both of them typically present with voice change and persistent hoarseness However, malignant 

tumors are life-threatening, carry a high risk of spreading, and require urgent medical evaluation (1,2). Laryngeal cancer holds 
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the 2ed in the category of the emergence of malignant neoplasms in the neck and head, comprising roughly one –5% in all 

types systemic carcinomas observed in Otorhinolaryngology (3). 

The causative role of laryngeal malignant and benign neoplasia is multifactorial. Laryngeal tumors can result from the combined 

action of smoking, drinking, gastro- esophageal reflux, occupational exposure to toxic fumes, air pollution and infection with 

various type of viral infection (4,5,6). Although the involvement of viruses in laryngeal tumors has been thoroughly investigated, 

contradictory results have surfaced, depending on the population group and the methods used. About 20 years ago, HPV 

infection was discovered in mucosal laryngeal tissues. It is unknown how much of the virus is present in normal population 

epithelium (7). It has been determined that HPV viruses may be a risk factor for the development of a subset of head and neck 

squamous cell carcinoma (SCCHN), particularly those of the oropharynx (8).   Human papillomaviruses are tiny, non-enveloped 

viruses having a circular, double-stranded DNA genome that is about 8000 bp long. Over 250 entire papilloma genomes have 

been identified. HPV16, 18, 33, and 53 are the most common of the 15 "high-oncogenic risk" genotypes that are carcinogenic, 

while the remaining genotypes are low risk (lr) HPV genotypes that cause non-cancerous diseases.Notably, the most common 

genotypes of the human papillomavirus (HPV) are 6 and 11 (9.10,11).Usually, benign laryngeal papillomas rather than malignant 

tumors are caused by lr HPV, particularly HPV6 and HPV11. However, in 1% to 4% of instances, a rare neoplastic change into 

squamous cell carcinoma (SCC) might happen (12). It has been demonstrated that HPVs operate as a promoting factor in the 

multistep process of laryngeal squamous cell carcinoma (LSCC) formation; the activity of two oncogenic viral proteins, E6 and 

E7, is the main cause of virus-associated carcinogenesis. By binding to the ubiquitin-ligase enzyme (E6-AP), these proteins have 

the capacity to promote the breakdown of the p53 protein. This inhibits p53-dependent signaling pathways, which become 

unregulated after cellular homeostasis is lost, ultimately contributing to the development of laryngeal squamous cell carcinoma 

(13). Elevated levels of p53 have been observed in cases with HNSCC. It has been indicated that p53 gene abnormalities may 

be indicative of a relatively poor clinical outcome, or esophageal SCC. Furthermore, expression of the mutated form of p53 

gene has been previously found precancerous lesions within upper respiratory and digestive tracts, suggesting that p53 gene 

abnormalities represent a very early event during pathophysiology of head and neck SCC (14,15). 

Laryngeal Papilloma (LP)also known as recurrent respiratory papillomatosis or glottic papilloma is a rare medical condition. It 

leads to the development of various tumors or papilloma over time; without treatment, this can pose a life-threatening risk, as 

these uncontrolled growths can obstruct the airway (16). Laryngeal papilloma might be results from infection with human 

papillomavirus (HPV) has been documented especially type 6 and type 11 which enhance hyperplasia growth and formation 

different shapes of  benign tumors in the larynx .The exact molecular basis that responsible of tumorigenesis  steps in LP has 

yet to be uncovered .Vocal cord polyps are the more common .It is frequently grown in men who have a history of excessive 

voice use and chain smoking; Polyps and nodules are pedunculated lesions which may be unilateral or bilateral that are 

morphologically similar to  the  epithelial lining of the larynx . These lesions frequently appear on the inferior vocal cords and 

could exhibit distinct microvascular features (17,18). So, the presence study represents an important contribution to 

understanding the potential role of low risk HPV6,11 in pathogenesis and tumorigenesis of laryngeal malignant and benign 

tumors in Iraq. 

STUDY MATERIAL AND METHODS : 

Histological specimens:  

157 laryngeal histology specimens (formalin fixed and paraffin embedded, or FFPE) from patients having laryngectomy or 

endoscopic biopsy were used in this study, which was conducted as a retrospective analysis. The samples included 45 cases of 

laryngeal cancer (carcinoma), 72 cases of benign laryngeal tumors, including 35 polyps and 37 nodules, and 40 specimens taken 

during autopsies that, upon postmortem histopathological examination, appeared to be healthy tissue, effectively acting as a 

seemingly healthy control group. 

Patients with laryngeal tumors ranged from two-82 years. Archived records obtained from histopathology laboratories of 

various hospitals and medical centers comprising:  Al-Hariri hospital, Medical city, Al-Kindy teaching hospital, teaching AL-

Kadhemiya hospitals, Al-Yarmok hospital, along with records archived in privately owned laboratories. Biopsy specimens of 

histologically normal- appearing laryngeal tissues that are suspected free from significant pathological changes were collected 

from the archival records Forensic Medicine of the Institute in Baghdad province between January 2024 and January 
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2026.Diagnoses were based on the patients recorded histopathological reports, following a confirmatory re-examination of each 

tissue specimen by a specialist histopathologist.  

STUDY METHODOLOGY: 

Human Papilloma virus DNA (HPV-DNA) was detected molecularly and genotypically for blocks of laryngeal tissues using an 

advanced chromogenic in situ hybridization (CISH) method (ZytoVision GmbH, Germany). Digoxigenin-labeled long DNA 

probes (T-1144-400; ZytoVision GmbH, Bremerhaven Kit, Germany) were used to target particular DNA sequences in tissue 

samples in order to detect the following genotypes of HPV: 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82). 

Concurrently, low-risk HPV6/11 genotypes were identified using particular DNA probes tagged with digoxigenin [(T-1055-

400), ZyoVision GmbH., Bremerhaven, Germany].  In the Laboratory Research Facilities at the Communicable Diseases Unit 

of the College of Medicine in Baghdad, the (CISH) analysis was carried out in accordance with the manufacturer's instructions.  

Digoxigenin-labeled housekeeping gene-specific probes were substituted to induce reactive staining. With the exception of the 

diluted probe, which was left out of the negative control solution, all reagents were added.In the context of the screening HPV 

test, the positive signals [(T-1151-40: ZytoFast Plus Implementation kit AP-Permanent red)] were seen as bright red staining 

with red permanent solution and counterstaining with hematoxylin, while the signals of CISH HPV6/11 [(ZytoFast Plus 

Implementation kitHRP-green:T-1073-40)] were seen as bright green staining with counterstaining with nuclear signals in the 

complementary sequence sites. A light microscope was used to quantitatively evaluate in situ hybridization signals for different 

molecular markers at 10× and 40× magnifications. Positive cells were counted at 1000× magnification. The percentage of 

positive signals and staining intensity scores, which indicate the number of positive cells and the intensity of the reaction, 

respectively, were used to assess the in-situ hybridization signals. The intensity scores ranged from no staining to high staining. 

Ten randomly chosen microscopic fields with 100 cells each were used to count the positive cells. Cases were then categorized 

into one of the following three percentage-based scoring categories: [Score (1) =1-25%, Score (2)=26-50%, Score (3)>50%] 

(19). This was done by calculating the mean proportion of affirmative cells throughout the ten fields.       To assess p53 protein 

overexpression in different laryngeal malignancies, immunohistochemical (IHC) labeling was used. To assess p53 protein 

overexpression in different laryngeal cancers, immunohistochemical labeling was used. The HRP/DAB-based Exposure 

detection system for mouse and rabbit antibodies (Abcam, product no. ab80436) in combination with a monoclonal antibody 

against p53 (clone Pab240) [product no. ab26] were used for staining operations in accordance with the manufacturer's protocol. 

Nuclear and cytoplasmic p53 staining intensity was assessed and classified as either strong or missing. The percentage of cells 

showing positive reactivity was used to calculate the staining scores. Samples with weak to moderate nuclear staining received 

a score of +1 (10–75%), samples with strong nuclear staining received a score of +2 (>75%), and samples with no nuclear 

staining received a score of 0. The statistical significance of the discrepancies between the variables under study was evaluated 

using chi-square tests, independent-samples t-tests, and analysis of variance (ANOVA). 

RESULTS: 

1-distribution of age and sex among study groups: 

In terms of the correlation between age and the study groups, the findings showed that all groups' ages ranged from 2 to 82 

years. The control group had the lowest mean age (27.25 ± 12.15 years; range: 2–66 years), while the group of patients with 

laryngeal malignant tumors had the greatest mean age (56.91 ± 17.12 years; range: 8–82 years). A statistical study showed that 

the groups' mean ages differed significantly (p < 0.05) (Figure 1). Gender-wise, males (110, 43.43 ± 19.91 years) had a greater 

mean age than females (47, 39.68 ± 19.25 years) (Figure 2); however, this difference was not statistically significant (p > 0.05). 
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Figure 1 . Distribution of laryngeal tumor tissues in relation to mean of age among study groups . 

 

Figure2. Distribution of laryngeal tumor tissues in relation to sex among study groups. 

From figure (3) noted that the site of specimen collection were elevated percentage of laryngeal tumors (%) within malignant 

patients was left vocal cord (18: 40%) while other groups were right vocal cord Nodules (17:45.9%) and Polyps (16: 45.7%) 

larger than the others specimen [Nodules (6, 16.2%), Polyps (10, 28.6%) and malignant patients (15, 33.3%)]. NS: Not 

statistically significant (P > 0.05). 

 

Figure3. Distribution of laryngeal tumor tissues according to anatomical site of specimen 
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2- Low risk HPV6/11DNA-CISH /p53-IHC : 

a. Lr HPV6/11DNA-CISH /P53 protein-IHC intensities 

The prevalence of lrHPV6/11DNA positive infected cells with strong staining signal intensities of were noted in 5 cases (33.3%) 

while no staining signal were detected in 22(73.3%) cases with laryngeal malignant tumors. In the laryngeal polyp group, strong 

staining intensity for (lrHPV 6/11) DNA/p53protien -IHC expression was recorded in 4 cases (44.4%), whereas no staining 

signal was found in 22 cases (84.6%). In the laryngeal nodule group, strong positive staining intensity was noted in two cases 

(28.6%), while no staining signal was observed in 25 cases (83.3%). In apparently healthy individuals (control group), strong 

positive staining intensity was observed in one case (9.1%), while no staining signal was detected in 29 cases (100%) regarding 

lrHPV 6/11 DNA/p53-IHC. Statistical analysis revealed no significant differences among the studied groups P (> 0.05) as in 

table 1. 

Table 1. Comparative Analysis of HPV6/11 DNA-ISH Signal Intensity and p53-IHC Expression Intensity across the 

Studied Groups. 

Diagnostic categories 
P53 stain intensity 

χ² test (P-value) 
NO stain Strong stain  

Non- tumor 

 controls 

HPV6 / 11 

stain intensity 

NO stain 
No 29 10 

NS* 

P > 0.05 

(P = 0.103) 

 

% 100 % 90.9 % 

Strong stain 
No 0 1 

% 0.0 % 9.1 % 

Total 
No 29 11 

% 100 % 100 % 

Benign Nodules 

 

HPV6 / 11 

stain intensity 

NO stain 
No 25 5 

NS* 

 P > 0.05 

(P = 0.496) 

 

% 83.3 % 71.4 % 

Strong stain 
No 5 2 

% 16.7 % 28.6 % 

Total 
No 30 7 

% 100 % 100 % 

Benign Polyps 

 

HPV6 / 11 

stain intensity 

NO stain 
No 22 5 

NS* 

 P > 0.05 

(P = 0.074) 

 

% 84.6 % 55.6 % 

Strong stain  
No 4 4 

% 15.4 % 44.4 % 

Total 
No 26 9 

% 100 % 100 % 

Laryngeal 

Malignancy  

  

HPV6 / 11 

stain intensity 

NO stain 
No 22 10 NS*  

P > 0.05 

(P = 0.642) 

% 73.3 % 66.7 % 

Strong stain No 8 5 
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S* = Significant, NS*=non-significant 

b. LrHPV6/11DNA/p53 protein -IHC scores : 

Among laryngeal malignancy cases, the expression signal of positive staining score  of HPV6/11DNA -infected cells and 

Positive p53 immunoreactivity was observed 2 cases (100.0%) and 1 case (7.1%), respectively, showing moderate score (++) 

and low score (+) staining, respectively. Conversely, absent staining was exhibit in 21 cases (72.4%). Within benign polyp’s 

tissue cases demonstrated positive lrHPV6/11 DNA–p53 IHC staining, with moderate score (++) staining noted in 1 case 

(33.3%) and low score (+) staining signal in 2 cases (33.3%), while absent staining was recorded in 22 cases (84.6%).  laryngeal 

benign nodules, positive moderate score (++) and low score (+) staining for lrHPV6/11 DNA–p53 IHC signal were identified 

in 1 case (16.7%) and 1 case (100.0%), respectively, whereas negative staining was recorded in 25 cases (83.3%). 

Finally, regarding non-tumor control tissues which appeared normal upon gross examination low-score staining (+) for low-

risk human papillomavirus (lrHPV6/11) DNA and p53 protein was observed in one case (25%), whereas absent staining results 

were recorded in 29 cases (100%). Statistical analysis revealed significant differences among the studied groups (P < 0.05), with 

the exception of the laryngeal malignancy group, where the difference was not statistically significant, as shown in table 2. 

Table 2. Comparative Analysis of HPV6/11 DNA-ISH Signal score and p53-IHC Expression score across the Studied 

Groups. 

Diagnostic categories P53 stain scores 

χ² test (P-value) ( -) 

Absent  

+ + + 

Non- tumor 

controls 

HPV6 / 11 

 scores 

(- ) 

Absent 

No 29 7 3 

S* 

(P<0.05) 

P = 0.011 

% 100  % 100 % 75 % 

+ 
No 0 0 1 

% 0.0% 0.0% 25.0% 

Total 
No 29 7 4 

% 100 % 100 % 100 % 

 

Benign Nodules 

 

HPV6 / 11 

 scores 

(- ) 

Absent 

No 25 5 0 

 

S* 

P < 0.05 

 ( P = 0.016 ) 

% 83.3% 83.3% 0.0% 

+ 
No 2 0 1 

% 6.7% 0.0% 100 % 

++ 
No 3 1 0 

% 10.0% 16.7% 0.0% 

Total 
No 30 6 1 

% 100 % 100 % 100 % 

% 26.7 % 33.3 %  

Total 
No 30 15 

% 100 % 100 % 
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Benign Polyps 

 

HPV6 / 11 

 scores 

(- ) 

Absent 

No 22 3 2 

 

S.* 

P < 0.05 

(P = 0.027) 

% 84.6% 50.0% 66.7% 

+ 
No 0 2 0 

% 0.0% 33.3% 0.0% 

++ 
No 4 1 1 

% 15.4% 16.7% 33.3% 

Total 
No 26 6 3 

% 100  % 100  % 100 % 

Laryngeal 

Malignancy 

 

HPV6 / 11 

 scores 

(- ) 

Absent 

No 21 11 0 

NS* 

P>0.05 

(P = 0.126) 

% 72.4% 78.6% 0.0% 

+ 
No 1 1 0 

% 3.4% 7.1% 0.0% 

++ 
No 7 2 2 

% 24.1% 14.3% 100% 

Total 
No 29 14 2 

% 100 % 100 % 100 % 

S* = Significant, NS*=non-significant, (-) =Negative signal, (+) =Positive signal 

DISCUSSION: 

People of all ages are susceptible to laryngeal tumors (21). Approximately 4.5% of all malignant tumors are laryngeal carcinoma, 

one of the most prevalent malignant neoplasms of the upper respiratory tract (22). Hoarseness is one of the most prevalent 

symptoms in otolaryngology, and it can be caused by a variety of underlying laryngeal disorders, ranging from benign, treatable 

conditions like vocal cord nodules, polyps, and chronic laryngitis to potentially fatal cancers, especially squamous cell carcinoma 

of the larynx (23). 

One of the biggest issues facing global health is viral infections. It is responsible for about 15% of cancer cases globally. In this 

regard, the human papillomavirus (HPV) is especially noteworthy because it is known to cause cervical cancer; around 70% of 

cases are caused by high-risk genotypes (hrHPV), mainly HPV16 and HPV18. (24). Thus, low-risk HPV has been found in 

many cases of benign and malignant head and neck cancers (25).   

According to the literature that is currently available, this study is the first in Iraq to look at the relationship between lrHPV6/11 

gene products and p53 protein expressions using CISH and IHC, respectively, for archived (formalin-fixed, paraffin-embedded, 

or FFPE) pathological tissue samples from both benign (nodules and polyps’ growths) and malignant tumors of the larynx. 

1- Age Distribution among Patients with Benign and Malignant Laryngeal Tumors : 

The patients in this study ranged in age from 2 to 82 years, as shown in Figure 1. When compared to patients with benign 

laryngeal lesions, such as polyps and nodules, whose mean age was primarily dispersed between the 40–49 age group, the mean 

age of patients with malignant laryngeal tumors was (56.91 ± 17.12) years, indicating a highly significant difference. The results 

of this study are consistent with those of De Silva et al. (2019), who found that patients with laryngeal cancer ranged in age 

from 8 to 84 years (26).The findings were consistent with the Shalatah et al., 2022 study, which found that the average age of 

laryngeal cancer was 58.93±11.18 and that the age range was 31–80 (27). In contrast, Xiao et al.'s 2019 study, which looked at 

the disease burden and risk factor trends among middle-aged and older adults (28), found that the incidence of laryngeal cancer 
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increased steadily with age, especially in the 50–90 age group and among both sexes between 1990 and 2021 (28).Oga et al. 

(2016) found that Nigerian patients with head and neck cancers, especially laryngeal carcinoma, had a mean age of 43.3 years, 

which contradicts the aforementioned research assertion  (29.)  

A follow-up research by Çobanoglu et al. (2026) on patients who had surgery for benign laryngeal tumors and non-cancerous 

vocal cord lesions revealed that the mean age was often between 35 and 48 years.(30).  

The present investigation is consistent with the 4.5-year descriptive study carried out by Sachdeva et al. (2022), which comprised 

36 patients whose mean age was 42 years and who underwent laryngoscopy and histological exams that revealed benign laryngeal 

lesions (31). In contrast to the current investigation, another clinical study by Pawan et al. (2009) found that individuals between 

the ages of 21 and 30 had the highest prevalence of benign laryngeal tumors (32). Additionally, the majority of patients with 

laryngeal benign lesions, precisely 28 patients (35%), fell between the 21–30 age category, according to Hiremath's (2025) study, 

which closely matched our data.In 53 cases, vocal abuse was found to be a prevalent predisposing factor. The most common 

symptoms were hoarseness or voice alteration (affecting 82.5% of the total, or 66 cases), Vocal cord polyps were the most 

frequently observed benign lesion, recorded in 17 cases (21.25%) (33). 

A possible link between age and the development of laryngeal cancer has been suggested by earlier research showing differences 

in the age distribution of individuals with various laryngeal tumor types. This could be explained by long-term, ongoing exposure 

to risk factors like alcohol consumption and smoking, as well as environmental carcinogenic agents such radiation, chemicals, 

and viruses, all of which are major causes of laryngeal cancer (34). Changes in cellular DNA, which can be regarded as another 

important factor in the development of such malignant tumors, may be influenced by the marked impairment in the immune 

response seen in these age groups due to the cancer-associated decline in host defense mechanisms (Immunosenescence) (35). 

While benign tumors are most commonly caused by abuse of the voice or exposure to chemicals and viruses, gastroesophageal 

reflux disorder (GERD) can produce laryngeal hyperplasia and neoplasia in addition to heartburn and an increased risk of 

esophageal cancer (36). In terms of genetic disorders, those who have inherited DNA repair errors and certain genetic 

syndromes are at a very high risk of developing head and neck malignancies, particularly laryngeal and throat cancers. Diseases 

like dyskeratosis congenita and Fanconi anemia demonstrate how these mutations hinder the body's capacity to repair DNA 

damage, putting patients at risk for early-onset cancers (37). 

2- Sex Distribution among Patients with Benign and Malignant Laryngeal Tumors: 

As depicted in figure .2, Male patients with benign and malignant laryngeal tumors constituted a larger proportion of the study 

population compared to female patients, accounting for 110 cases (43.43%) and 47 cases (39.68%) respectively without any 

significance differences (p > 0.05). These sex-related findings align with the results of numerous studies as in (38,39,40,41). 

Although the precise reasons underlying the differences in the incidence of benign and malignant laryngeal tumors between 

males and females remain unclear, the higher incidence observed among males may be associated with greater exposure to 

established risk factors, particularly cigarette smoking, water pipe smoking as well as high levels of alcohol intake. These risk 

factors are more prevalent among men and may also be associated with repeated exposure to inhaled irritants in occupational 

and domestic environments, as well as with nutritional deficiencies (42). Certain occupations predominantly held by men distinct 

from those typically pursued by women may pose a risk factor for laryngeal tumors (whether malignant or benign). This risk 

arises from prolonged, high-level exposure to substances such as chemical agents, wood dust and paint vapors associated with 

th petroleum, plastic, metal  and textile manufacturing sector agents like asbestos that may also increase the risk of developing 

tumors of the larynx and hypopharynx.(43)  

3- Distribution of laryngeal tumor tissues  according to anatomical site of specimen: 

Figure .3 shows that the most common site for laryngeal tumors among patients with malignant tumors was the left vocal cord 

(18 cases; 40%). In contrast, the other groups comprising those with nodules (17 cases; 45.9%) and polyps (16 cases; 45.7%) 

showed higher rates of involvement on the right vocal cord compared to other sites [nodules (6 cases; 16.2%), polyps (10 cases; 

28.6%), and malignant tumor patients (15 cases;33.3%)].Statically , there wasn’t significant differences . 

There is no established medical rule or consistent trend indicating that laryngeal cancer occurs more frequently on the left vocal 

cord; tumors arise on either the left or right true vocal cord based on relation to individual risk factors including ; tobacco and 

alcohol intake  rather than a biological predisposition toward a specific side  )17).  In regard to the current results , While Joos 
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etal.,(2009) demonstrated that the laryngeal carcinomas lesion was found to be firmly attached to the right true vocal cord(44). 

The current results  of this investigation are close agreement with those reported by Kumar etal , (2015) who demonstrated that 

patients with laryngeal cancer cases were predominantly located on the left side of  larynx(45)  In reference to laryngeal benign 

tumors, the most elevated percentage of laryngeal right vocal cord site of nodules and polyps were higher 17(45.9%) and 

16(45.7% )  respectively than the percentage of their  left vocal cord site  and others of nodules and polyps.The current results 

align with the findings of Idu-Filho et al. (2013), who found that the proportion of benign laryngeal lesions (polyps and nodules) 

was higher on the right vocal fold (61.9%) compared to the left vocal fold (34.92%) and other laryngeal sites (3.17%)(46). 

Additionally, a study by Divi et al. (2011) found that the highest proportion of benign laryngeal lesions occurred on the right 

vocal fold(47).In contrast, Singhal et al. (2009) found that benign laryngeal lesions were more frequently located on the left 

vocal fold (44%) than in other laryngeal regions (40% and 16%)(48). 

The incidence rate of laryngeal lesions  varies according to the anatomical sites particularly those situated on true vocal cord. 

The reported predominant anatomical sites of laryngeal cancer has varied across different studies. Tumor progression in the 

vocal cords may be influenced by their distinctive anatomy and relatively limited lymphatic outflow compared with other 

laryngeal regions.These anatomical characteristics may restrict the metastatic potential of early-stage lesions. The intrinsic elastic 

layer of the larynx may also affect the direction of tumor spread, with lesions originating from the free edge of the vocal cords 

potentially extending into the underlying vocalis muscle and paraglottic space. Progressive invasion of the deeper tissues can  

also result in varying degrees of vocal cord mobility impairment, ranging from mild mucosal stiffness to complete vocal cord 

fixation. Also specimen collection and other histological and physiological factors such as paralysis that occurs in vocal cord 

from nerves origin or the infection with many bacteriological and virological agents that encouraging dysplasia and hyperplasia 

of these  sites in addition to the nutritional and mechanical behavior of swollen (49,50) . 

4- Detection of lrHPV6/11DNA-ISH / P53-IHC in laryngeal neoplasms :   

This longitudinal study employs a repeated-measures design for detecting the DNA of low-risk HPV types 6 and 11, in addition 

to evaluate  tumor suppressor gene p53  expression across different study groups  , in order to assess whether the co-presence 

of the virus disrupts the host cell cycle and assess  potential  role of investigated HPV genotypes in pathogenesis and 

tumorigenesis of laryngeal lesions during the early stages of their  development. The present study results showed high 

percentage of HPV6/11/p53 intensities among polyps group(4:44.4%) more than malignant (5:33.3%),nodules (2:28.6%)and 

apparently healthy groups(1:9.1%) .while high positive percentage of  HPV6/11/P53 moderate(++)score in malignant and 

polyps groups was (2:100%) and (1:33%)respectively . The positive percentage of HPV6/11/P53 low score was in nodules 

group(1:100%) and polyps group (1:33.3%)respectively with significant differences . The results showed variations in staining 

intensity and grading (+1 versus +2) for low-risk human papillomavirus (lrHPV6/11) and p53 protein, with a high proportion 

(exceeding 70%) of negative results (absence of signal) regarding intensity and score observed across the study groups. In regard 

to HPV6/11 DNA , the negative HPV6/11DNA-CISH percentage indicates that virus DNA of HPV6/11 not integrated with 

host cell genome and has not disrupted it. This results  consist with many studies (51,52,53). One proposed explanation is that 

the DNA of low-risk human papillomaviruses (lrHPV) persists as independent, circular DNA molecules (extrachromosomal) 

within laryngeal hyperplastic tissues. Unlike high-risk types such as HPV16, which frequently integrate into the host cell genome 

during malignant transformation a fact established by numerous studies (54). In general, the cellular transformation mechanisms 

triggered by human papillomaviruses rely on the E6 as well as E7 gene products . These proteins performed  a wide range of 

functions and engage in numerous interactions . The specific oncogenic HPVgenotypes  can interact with host cell proteins . 

The oncoproteins E6 together with E7 have been demonstrated to impair molecular regulatory pathways governing cellular 

proliferation through interference with the activity of two major tumor suppressor proteins, p53 and retinoblastoma protein 

(pRb). Efficiently lr HPV types  promote epithelial cell proliferation and generate substantial numbers of progeny virions.        

The E6 along with  E7 proteins of  low-risk HPV play pivotal roles in the viral life cycle; however, they exhibit considerably 

limited activity  in driving  cellular transformation  and their  association with  genomic instability is less pronounced (55).  The 

E7 protein of low-risk human papillomavirus (HPV) exhibits limited affinity for retinoblastoma protein (pRb ) and  does not 

stimulate its   degradation. Also , E6 protein of  lrHPV types  display limited affinity for p53 and  have a markedly reduced 

ability to mediate its degradation. Moreover, E6 proteins from low-risk HPV types are not generally associated with the 

activation of telomerase activity. On other hand ,the elevated percentage of intensity / score of HPV6/11 DNA in some cases 

of malignant cases (5:33.3%/2:100%(++),1:7.1%(+) )and in polyps cases (4:44%/1:33.3(++),2:33%) ,while in nodules cases 

the positive signal for intensity /scoring was   (2:28.6%/1:100%).This co-expression  of (lrHPV6/11)DNA and  the p53 exhibits 
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limited capacity to promote neoplastic progression, however,  this facilitates acquisition  of somatic mutations resulting from 

an elevated burden of  DNA damage and the inhibition of the cellular DNA damage response (DDR) at the end increasing p53 

level in infected host cell with these low risk genotypes(56). Numerous cases involving  low-risk genotypes specifically types 6 

as well as 11 have  also been documented in context of head and neck malignant and benign tumors  including laryngeal 

lesions(57). Other explanation , Under certain conditions, lr(HPV) may be implicated in cellular transformation.It may be 

plausible that under specific biological circumstances , cellular transformation may occur as a result of low risk HPV types  . 

This issue is of particular importance because low risk genotypes share specific traits with high risk ones particularly within E7 

gene region which in turn influences cellular behavior . E7 proteins derived from  low-risk HPV types, including HPV6 and 

HPV11, have been  reported  to synergize  with the Ras oncogene in the transformation of primary baby rat kidney (BRK) cells,  

although they exhibit substantially reduced  transforming efficiency and lower pRb-binding affinity compared with E7 proteins 

of high-risk HPV types, particularly HPV16 (58.59).Researchers proposed that concurrent viral coinfections may exert a 

synergistic pathogenic effect, thereby augmenting cellular hyperproliferation and pre-neoplastic mutations or accelerating 

malignant transformation(60).Coinfection with lrHPV can enhance viral persistence and exacerbate benign epithelial lesions 

(e.g., condylomata acuminata) through shared mechanisms of immune evasion. The presence of HPV6, HPV11, or both has 

been reported in 50–100% of recurrent respiratory papillomatosis (RRP) cases . Whereas , The development of squamous cell 

carcinoma (SCC) represents a rare but clinically significant complication of recurrent respiratory papillomatosis (RRP). Previous 

studies have reported malignant transformation rates of approximately 3–6% among patients with adult-onset RRP, while this 

complication is exceedingly uncommon in juvenile-onset disease, with reported rates of less than 1%. Despite the predominant 

association of RRP with low-risk HPV types 6 and 11, progression to malignancy may occur under the influence of additional 

predisposing factors (61,62).However, lrHPV6/11 types completely lack the oncogenic potential to drive malignant 

transformation, a process that typically requires latent high-risk HPV types  infection (53). 

Regarding  p53 test  results, observing  an absent or low p53 protein expression (a negative result) in the study groups is to be 

expected; In normal conditions ,  DNA of lrHPV6/11  does not integrate into the host cell chromosome Furthermore, the p53 

protein has a short half-life (approximately 30 to 50 minutes), rendering it undetectable via immunohistochemistry . It can be 

inferred  cases with negative p53-IHC among  laryngeal tumors  subjects in present study cohort  accounting for over 72.4% 

of the total may result (aside from technical failures) from a biallelic deletion of the TP53 gene, a marked reduction in p53 

protein levels (whether mutated or wild-type),  p53 harboring non-sense mutation or  the presence of a N-terminally truncated 

p53 protein that evades detection by the monoclonal antibody used in the p53 assay(63). Other potential explanations exist: the 

p53 protein might be present sporadically in a small fraction of cells; it could be mutated in a much larger number of cells but 

accumulate to detectable levels in only a small subset; or the detected p53 protein might be wild-type but undergo abnormal 

stabilization or exist at elevated levels(64). 

While increased signal intensity and score of p53 protein levels,  this finding warrants further interpretation and analysis. The 

current study reveals the presence of both the mutant and wild-type (normal) forms of human p53 protein, as the monoclonal 

antibody used for detection interacts with both variants. The p53 increases half-life to 6–8 hours when a mutation occurs .The 

results reveal elevated levels of mutant p53 protein expression in certain cases of benign and malignant tumors study groups 

coinciding with reduced transcription levels of the wild-type p53 gene within transforming cells a phenomenon associated with 

the process of malignant tumorigenesis. In contrast, the findings indicate that benign tumor cells and normal tissues exhibit 

either no DNA damage or only low levels there of levels insufficient to trigger an increase in p53 gene transcription(65,66). To 

more explanation , more than 1,000 mutations in p53 gene have been identified in connection with human tumors therefore, it 

must demonstrate mutations that affect p53. Two distinct   forms of mutations involving  the p53 gene have been identified : 

null mutations as well as non-null mutations. Notably, the mutant p53 protein (resulting from non-null mutations can be 

detected using immunohistochemistry (IHC)) exhibits prolonged stability with preferential nuclear    accumulation  tumor cells. 

In contrast , missense mutations(null) may result in complete loss of p53 immunoreactivity  (cannot be detected by IHC) lead 

to the production of a truncated (shortened) and unstable p53 protein(67). Theoretically, it should be possible to distinguish 

between tumors showing negative p53 immunohistochemistry results (null mutations), those showing low levels (wild-type), 

and those showing overexpression (non-null mutations). Consequently, some researchers consider low p53 levels a favorable 

prognostic indicator, while others view them as unfavorable; this discrepancy depends on the relative proportions of null 

mutations versus wild-type cases within the low-p53 group(68). Numerous studies have been  assessed  the clinical relevance 

of p53 overexpression in patients with laryngeal malignancies . Also, Variations in p53 protein expression levels across studies 
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may be attributed to fundamental methodological and biological variables, including sample size, tumor heterogeneity, and the 

sensitivity of detection assays(66,69) .Although instances of HPV DNA integration (specifically types 6 and 11) have been 

documented in cases of juvenile laryngeal papillomatosis such as in the study by (Rahmoun etal.,2024) this aligns with the 

findings of the current study(70). We observed positive test results for low-risk HPV DNA (types 6 and 11) alongside elevated 

p53 protein expression. This accumulation of protein within the cell indicates the onset of genomic instability, abnormal cell 

cycle alterations, the initiation of pathological processes, and tumor development driven by the accumulation of mutations 

especially missense mutations that could occur in these positive cases among study groups(56) . This  phenomenon that may 

be associated with impaired p53 –mediated tumor suppressive function, the acquisition of  oncogenic activity , or the capacity 

for inappropriate p53 activation; all these factors lead to severe dysregulation of cell proliferation and growth. Mutant p53 is 

known to form tetramers complexes with wild-type p53, thereby exerting a dominant-negative effects that compromises normal 

p53 –mediated cellular functions  likely through conformational disruption of the p53 DNA-binding region (or in other cellular 

proteins), thereby reducing the ability to activate or repress target genes (67,71,72). Another potential explanation lies in the 

fact that the p53 protein engages in an MDM2-dependent negative feedback mechanism, ensuring precise regulation of their 

respective levels within the cell; however, the loss of transcriptional activity can lead to reduced Mdm2 levels, resulting in the 

stabilization and increased abundance of the mutant p53 protein regardless of whether the mutant has lost its original function 

or acquired a new one(73,74). 

CONCLUSION  

The co-expression of lrHPV6/11DNA and p53 possessed limited tumorigenic potential but may indirectly contribute to the 

acquisition of  somatic mutations by promoting DNA damage and impairing the cellular DNA damage response mechanisms. 

Therefore co- infection of lrHPV6 as well as lrHPV11 with elevated level of p53 in benign and malignant laryngeal tumors 

could reflect a possible role in pathogenesis and tumorigenesis of certain   precancerous lesions. However, further investigations 

with larger cohorts are warranted to accurately assess the prevalence and genotype distribution of high-risk oncogenic HPV 

within these tissues  enhancing the robustness and clinical significance of the results. 
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