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Article 
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Abstract: Chronic prostatitis has been found to be associated with the genesis of Benign Prostatic 

Hyperplasia (BPH) and subsequent development of prostate cancer (PCa). It has been described that 

human papillomavirus (HPV) tends to infect the prostatic epithelium; however, correlation between 

HPV infection and prostate pathology remains to be elucidated. Considering that HPV infection can 

affect cellular pathways, we investigated here the putative role of HPV in the expression of selected 

miRNAs involved in inflammation, proliferation, and oncogenesis in BPH, BPH/prostatitis and PCa 

clinical samples. Our results demonstrated that 67.2 % of benign lesions and 93.4% of cancer samples 

were HPV-positive. Interestingly, we found downregulation of miR-34a, miR-143, and miR-145, as 

well as upregulation of miR-221 in tissue with BPH and BPH/prostatitis. In HPV-positive PCa 

samples, let-7c, miR-34a, miR-126, miR-221, miR-145, and miR-106a were found to be 

downregulated, suggesting their involvement in the formation of a pro-oncogenic 

microenvironment. Consistent with these results, we found that altered expression levels of miR-

34a, miR-145, miR-106a, miR-21 and miR-221 showed a correlation with high-risk HPV-positive PCa 

samples. The differential expression of these miRNAs induced by HPV could be useful for the 

identification of potential therapeutic biomarkers, opening a new approach for diagnosis, prognosis, 

and therapeutic targeting in prostate cancer. 

Keywords: HPV; prostate cancer; BPH; prostatitis; miRNAs; inflammation; proliferation; apoptosis; 

angiogenesis; metastasis 

 

1. Introduction 

Prostatitis, the third most common urological disorder in males, affects 10-14 % of men of all 

ages and ethnic origins. Prostatitis has been found to be associated with the genesis of Benign 

Prostatic Hyperplasia (BPH), a condition that represents an important risk for the development and 

progression of prostate cancer (PCa) [1–5]. BPH prevalence increases after the age of 40 years, from 

8% up to 60% at 90 years old [6]. According to the International Agency for Research on Cancer 

(IARC), in 2020, there were an estimated 1.4 million new cases of PCa worldwide, making it the 

second most diagnosed cancer in men [7].  

Currently, it has been reported that in BPH, there is no direct relationship between the presence 

of HPV in the prostate and the development of PCa, as indicated by Bergh et al. [8]. Additionally, 

research by Adami et al. [9] and Effert et al. [10] suggests that there is no direct association between 
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HPV types 16 or 18 and PCa, though a potential link between HPV type 33 and this disease has been 

observed. 

Contrastingly, other research groups have detected HPV infection in prostate tissue samples, as 

exemplified by the Singh study [11]. They analyzed 95 PCa and 55 BPH samples. HPV infection was 

found in 41% of the prostate tumor biopsies and 20% in BPH samples. Specifically, 32% were infected 

with HPV type 16, and 6% with type 18, while only 5% of BPH controls had HPV 16. A significant 

proportion of HPV-infected cases were in advanced stages III and IV with high Gleason scores. This 

study suggests that HPV infection may be a cofactor in PCa progression. 

Different studies have shown a strong correlation between high-risk human papillomavirus 

(HR-HPV) infection and the increased risk of PCa development. Despite this, the specific mechanisms 

through which these infections contribute to inflammatory lesions and the hyperproliferation in the 

prostate gland remain not fully elucidated [3,11,12]. Tumor development in the prostate is a complex 

process that involves successive changes in the genome of normal prostate cells until they transform 

into malignant cells. Chronic inflammation is regarded as the seventh hallmark of carcinogenesis and 

as a possible trigger for tumor initiation and progression at the cellular and molecular levels [13]. 

During pro-tumor inflammation, several inflammatory molecules are either activated or suppressed 

for a prolonged time, leading to undesirable consequences that encourage the growth and enrichment 

of aggressive tumor phenotypes in the tumor microenvironment [14]. This process stimulates the 

infiltration of immune cells and the production of chemokines, cytokines, and free radicals, which 

can damage DNA and activate the androgen receptor (AR) in prostatic cells [15–17].  

The expression of various micro-RNAs (miRNAs) has been associated with the progression and 

appearance of different types of cancer, including prostate, breast, lung, liver, gastric, pancreatic, and 

colorectal, among others [18,19]. Several studies have demonstrated the crucial role of miRNAs in the 

pathogenesis of cancer. Specifically, miR-34a, miR-106a, miR-143, miR-145, and miR-221 have 

garnered significant attention in cancer biology. These miRNAs have been implicated in regulating 

critical processes such as cell proliferation, apoptosis, differentiation, inflammatory response, 

angiogenesis, tumor suppression, adhesion, metastasis, and immune system evasion [18–23].  

Particularly, the viral proteins E6 and E7 of HPV play a crucial role in altering genetic regulation 

in infected cells, specifically affecting miRNAs associated with PCa and tumorigenesis. E6 binds to 

the p53 protein, a key tumor regulator, promoting its degradation and affecting the expression of 

miRNAs regulated by p53 [24]. Both E6 and E7 also interfere with the cellular machinery for 

processing miRNAs, altering their stability and levels. These proteins impact cellular signaling 

pathways important for cell cycle control and apoptosis, which in turn influences the expression of 

miRNAs involved in these processes. Additionally, E6 and E7 can modify the transcription of genes, 

including those encoding miRNAs, either through changes in chromatin or direct interaction with 

genetic promoters [25,26]. 

Specifically, in PCa, it has been observed that the presence of HR-HPV leads to the aberrant 

expression of oncogenic and tumor-suppressive miRNAs. The viral proteins E6 and E7 of HPV play 

a crucial role in this process, interacting with key transcription factors such as c-Myc, p53, and E2F. 

This interaction modulates the expression of various miRNAs, including the miR-15/16 cluster, the 

miR-17-92 family, miR-21, miR-23b, miR-34a, miR-106b/93/25 cluster, miR-143/145 cluster, and let-7c 

[25,26]. Furthermore, Chiantore et al. [25] demonstrated that HPV E6 and E7 oncoproteins affect the 

expression of certain tumorigenesis-related miRNAs, including miR-18a, miR-19a, miR-34a, and miR-

590-5p. They also identified miR-222, a critical miRNA that is often deregulated in various cancers, 

present in exosomes from cells infected with the HPV [27]. 

miRNAs, which originate from a common transcriptional precursor, are subject to the influence 

of various post-transcriptional factors that determine their final expression. These include precursor 

processing, efficiency in the generation of mature miRNAs and interactions with regulatory proteins, 

which are crucial factors for their expression levels. Notably, recent studies have highlighted the 

importance of transcriptional regulation, especially that mediated by nuclear receptors such as 

estrogen receptors (ER) and AR, in the modulation of miRNAs in oncological contexts. For instance, 

it has been observed that the ER interacts with the miR-221/222 gene to inhibit its expression in breast 
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cancers, while in the progression of PCa, miRNAs such as miR-125b, miR-21, and miR-221/222 could 

be directly regulated by the AR. These findings suggest that in certain prostate pathologies, the 

predominant influence on the levels of miRNAs interacting with the AR could be of a transcriptional 

nature, as indicated by these studies [28]. 

In the Mexican population, there is a lack of documented studies analyzing the expression of 

miRNAs and their relationship with the development of prostate benign lesions (BPH and prostatitis) 

and its progression to PCa. Thus, the aim of this study was to analyze the expression profile of 

selected miRNAs in HR-HPV-positive patients with BPH/prostatitis and PCa. Our findings suggest 

that alterations in the expression levels of miR-34a, miR-145, miR-106a, miR-21, and miR-221 

correlated with HPV infection, particularly in PCa. These results suggest that HPV infection can 

disrupt the expression of miRNAs, affecting the critical processes that maintain prostate cellular 

homeostasis. 

2. Results 

2.1. Histopathological Analysis of Pre-Malignant Lesions and Prostate Cancer  

In this study, 14 control samples, 50 samples with premalignant lesions (13 with BPH, and 37 

with BPH/prostatitis) and 33 PCa samples were included and stratified based on the Gleason scale, 

21 samples were classified as high degree of malignancy (Gleason 8-10); 3 samples as intermediate 

degree of malignancy (Gleason 7) and 9 samples as Low degree of malignancy (Gleason ≤ 6) (Table 1 

and Supplementary Table S1). 

Table 1. Histopathology stratification of selected prostate samples. 

Histopathological diagnosis Number of samples 

Healthy tissues 

(HPV-negative tissue biopsy) 
14 

BPH 13 

BPH / Prostatitis 37 

PCa 33 

Gleason (8-10) 

(High degree of malignancy) 
21 

Gleason (7) 

(Intermediate degree of malignancy) 
3 

Gleason <6 

(Low degree of malignancy) 
9 

Representative histologic images of histopathologic samples are shown in Figure 1. The 

examination of the control group samples revealed prominent acinar lumens and well-organized 

epithelial acini, supported by stromal elements, showing a high degree of cellular differentiation and 

organization. BPH lesions were primarily located in the transitional and peripheral zone of the 

prostate gland; an increase in epithelial growth with enlarged nuclei restricted to the basal layer is 

observed; glandular sizes oscillate from medium to large acini, often showing luminal papillae. 

Furthermore, a decrease in the acinar lumen can be observed due to the hyperproliferation of luminal 

cells. This hyperproliferation leads to partial loss of cellular homogeneity and reduction of the 

stroma, although cells are still differentiated. In the BPH/prostatitis group, lesions were identified 

mainly in the transitional and peripheral zone of the prostate, characterized besides BPH alterations, 

by multifocal infiltrates of mononuclear cells (lymphocytes, monocytes, and plasma cells). 

Inflammation was found at the periglandular level, presenting a mononuclear leukocyte infiltrate 

adjacent to the prostatic acini with a decrease in the intraepithelial component. In some samples, 

stromal inflammation was found to coexist with the periglandular inflammation (Figure 1a). 

Important tissue structures such as acinar lumen, luminal cells, stroma, and cellular organization are 

affected due to cellular hyperproliferation and inflammation. Regarding PCa, low Gleason grade 

tumors were characterized by the formation of pseudoacinar structures in which the acinar lumen is 
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reduced by hyperproliferation of luminal cells. Such proliferation leads to partial loss of cell 

homogeneity and stroma reduction, although the cells were still differentiated. Intermediate Gleason 

grade PCa adenocarcinomas showed the loss of the acinar lumen and the reduction of stroma due to 

increased cell proliferation. Finally, PCa high Gleason grade tumors completely lost their own 

structures, and hyperproliferation of luminal cells was observed. Basal cells, stroma, and cellular 

homogeneity were lost. The acinar lumen is almost null, and the cells are poorly differentiated (Figure 

1b).  

 

Figure 1. Hematoxylin and Eosin in histopathological analysis of benign and PCa Samples. (a) 

Representative images of the tissue architecture of control samples. Benign Prostatic Hyperplasia 

(BPH); and Benign Prostate Hyperplasia plus prostatitis (BPH/prostatitis). The BPH and 

BPH/prostatitis tissues exhibit an increase in epithelial growth with enlarged nuclei restricted to the 

basal layer (indicated by black arrows). Some patients display a significant inflammatory infiltrate 

(indicated by red arrows); while in other samples, both conditions may be observed, with cells 

presenting prominent nuclei in the basal and suprabasal layers, along with an inflammatory infiltrate. 

(b) Representative images of prostate tissue architecture in prostatic carcinogenic tissue from low, 

intermediate, and high Gleason grade PCa. To facilitate visual comparison and analysis, the important 

structures in the tissue, such as acinar lumen (1), luminal cells (2), stroma (3), and cellular organization 

(4), have been labeled with corresponding numbers. The scale bar indicates 200 and 50 micrometers 

(µm). 

2.2. Histological Identification of Koilocytes and In Situ Molecular Detection of HPV Sequences 

Histopathological analyzes were conducted to identify the presence of koilocytes or 

pseudokoilocyte-like structures, which are recognized as a pathognomonic morphological feature of 

HPV infection. A representative image of koilocyte-like morphological structures (pseudokoilocytes) 

is displayed in Figure 2a. In situ PCR for E6/E7 HPV DNA demonstrated specific detection of 

koilocytes in those BPH samples that were positive for any HPV genotype, while HPV-negative 

samples did not show such structures (Figure 2b). In situ semi-quantification of the viral presence, as 

illustrated in Figure 2c, revealed a heterogeneous positivity level. 
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Figure 2. Histological identification of koilocytes and in situ molecular detection of HPV sequences 

in BPH samples. Panel (a) displays the presence of koilocytes (black arrows), while panel (b) 

demonstrates the detection of HR-HPV E6/E7 DNA via in situ PCR. The signal was mainly localized 

in the cell nucleus (black arrows), with a positive signal of HPV DNA amplification detected in 

koilocytes (empty arrows with letter K). Patient control numbers are indicated. Samples 97 and 3680 

were included as negative controls for HPV. Amplification: 40X and 63X. The obtained signal was 

digitally quantified and displayed in panel (c). Statistical analysis was performed using one-way 

ANOVA with Tukey’s multiple comparison test, and the results are presented as mean ± standard 

deviation. The asterisk symbol (*) indicates a significant difference between HPV-positive and HPV-

negative samples, with a significance level of * p<0.033. 

2.3. Multiplex Amplification 

PCR was performed to determine the genotype in each sample. The results shown that 67.2% of 

the samples with premalignant lesions were positive for any HPV genotype, in contrast to the 93.4 % 

positivity in the PCa samples (Table 2). In HPV-positive premalignant lesions, the predominant 
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genotypes were the low-risk genotypes 6 and 11, either alone or in coinfection with intermediate-risk 

genotypes, while high-risk genotypes were poorly represented. Results also showed that 35.49 % of 

HPV-positive samples were diagnosed as high Gleason grade cancer (Gleason 8-10) and 48.38 % were 

intermediate Gleason grade PCa (≤7). Of the HPV-positive samples, 48.38 % were positive for one or 

more intermediate-risk HPV genotypes (IR-HPV), including 33, 31, 52, and 58 genotypes. 

Furthermore, HR-HPV 16 and 18 genotypes were identified, being the HPV 16 type the most frequent 

(Table 2). The analysis of BPH and BPH/prostatitis samples revealed a higher frequency of LR-HPVs 

instead of oncogenic genotypes. HR-HPVs were mainly present in high Gleason grade PCa 

specimens, but also in some low Gleason grade PCa specimens, in which genotypes 31 and 52 were 

the most common. Interestingly, HR-HPV genotypes were observed in all three PCa groups. 

Table 2. HPV Genotype frequency in benign and PCa lesions, according to the type and injury degree 

in the prostate gland. 

Type of injury 
HPV positivity 

frequency (%) 

Predominant HPV 

genotypes 
Coinfection [1] 

Benign lesions 67.2 6, 11  

Malignant lesions 93.4 16, 18, 31,33, 52, 58  

HPV genotypes in benign lesions group 

BPH 

LR: 62.5 6,11 ND 

IR: 25.0 52,58 6,11 

HR: 12.5 16,18 6, 11, 33 

BPH/Prostatitis 

LR:74 6, 11 ND 

IR: 21.7 52,58 6,11 

HR: 4.3 16, 18 6,11,33 

HPV genotypes in PCa group 

Low risk cancer 29.7 6, 11  

Intermediate risk cancer 9.1 31, 33, 52, 58  

High risk cancer 61.2 16, 18  

HPV genotypes depending on PCa Gleason stratification 

Grade 

Gleason score  

< 6 

 

LR-HPV: 55.5 6, 11 58, 52[1] 

IR-HPV: 11.1 52 16 

HR-HPV: 33.3 16 ND 

Grade 

Gleason 7 

LR-HPV:  ND ND ND 

IR-HPV:  66.67 31,58 16 

HR-HPV:  33.33 18 ND 

Grade 

Gleason 8 - 9 

LR-HPV:  10.6 6, 11 31, 52 

IR-HPV:  47.3 33, 31, 52 18 

HR-HPV: 42.10 16, 18 6 
[1] In benign lesions BPH and BPH/prostatitis, coinfection of the low and intermediate genotype was found in 

samples with intermediate risk (IR) and high risk (HR) being observed in both groups of benign lesions. In 

contrast, in malignant PCa lesions, a higher frequency of coinfection of intermediate and high-risk genotypes is 

observed, in samples with a predominance of IR-HPV genotypes). ND; not detected. 

2.4. Expression Levels of miRNA in BPH and BPH/Prostatitis Samples 

To identify specific molecular mechanisms that may be altered in preneoplastic lesions and CaP, 

we conducted a study to evaluate the expression levels of six miRNAs by RT-qPCR, including miR-

34a, miR-106a, miR-143, miR-145, miR-221 and miR-222. These miRNAs were evaluated in HPV-

negative or HPV-positive benign prostatic hyperplasia (BPH, Figure 3a) or in BPH/prostatitis samples 

(Figure 3b). Interestingly, our findings showed a significant increase in the expression levels of miR-

221, as well as a decrease in the expression of miR-145 and miR-34a in HPV-positive samples, in both 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 September 2024                   doi:10.20944/preprints202409.1179.v1

https://doi.org/10.20944/preprints202409.1179.v1


 7 

 

histopathological conditions. Furthermore, we observed down-regulation of miR-143 in HPV-

positive samples from patients with BPH/prostatitis. 

 

 

Figure 3. miRNA expression levels in HPV-negative (−) or HPV-positive (+) benign prostatic samples. 

Expression of indicated miRNAs in BPH (a) or in BPH/prostatitis (b) is shown. The expression data 

were normalized using RNU48 as an internal control. Statistical analysis was performed using the 

multiple T-tests per row. The error bars represent the standard deviation. Three levels of significance 

were used for p-values: *p<0.033, **p<0.002, and ***p<0.001. 

On the other hand, in HPV-positive PCa samples, we found a significant decrease in the 

expression levels of let-7c, miR-34a, miR-126, miR-221, miR-145, and miR-106a compared to control 

group prostate tissue. In contrast, no significant differences in the expression levels of miR-21 and 

miR-18a were observed (Figure 4). Due to the low frequency of HPV-negative PCa samples (6.1%), a 

comparative analysis of miRNA expression levels could not be performed in this patient group. 

 

Figure 4. miRNAs expression levels in HPV-positive PCa samples compared to their expression in 

control prostate tissue. Statistical analysis was performed using the multiple T-tests per row. The error 
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bars represent the standard deviation. Three levels of significance were employed for p-values: 

*p<0.033, **p<0.002, and ***p<0.001. 

In addition, we evaluated the relative expression of miRNAs in HPV-positive PCa samples 

classified as high-risk, intermediate-risk and low risk, comparing them with the expression of HPV-

negative PCa samples. Expression levels of miR-34a, miR-145 and miR-106a were significantly down-

regulated in samples with high-risk genotypes (HR-HPV) compared to its expression in HPV-

negative PCa samples. In contrast, miR-21 and miR-221 were up-regulated by the presence of HR-

HPV, whereas miRNAs let7c, miR-126, and miR-18a, showed no significant changes in their 

expression levels (Figure 5). The statistical difference found in the expression of the 5 miRNAs in the 

HR-HPV group compared to HPV-negative supports the fact that the expression of viral oncoproteins 

may be involved in the dysregulation of the analyzed miRNAs expression, as well as in prostate 

carcinogenesis.

Figure 5. 

Distribution of miRNA expression in high-risk (HR)-, low-risk (LR)- and intermediate-risk (IR)-HPV-PCa 

samples, compared to HPV-negative (NEG) PCa samples. Statistical analysis was performed using the Dunnett 

multiple comparison test. The p-values were reported as *p<0.033, **p<0.002, and ***p<0.001 for three levels of 

significance. Error bars represent the standard deviation. 

3. Discussion 

Currently, it is understood that in the process of tumorigenesis of PCa, HPV modulates through 

its E6 and E7 oncoproteins to intricately modulate the expression of specific miRNAs. This 

modulation plays a crucial role in the molecular pathways associated with oncogenic processes and 

cancer development [27–29]. Thus, the aim of our investigation was to explore the potential 

correlation between specific miRNAs associated with cell proliferation, inflammation, cellular 

malignancy, and the HPV presence in BPH, BPH/prostatitis, and PCa. In this study, the molecular 

analysis of HPV in PCa samples revealed a significant relationship between HPV infection and 

prostatic carcinogenesis, particularly with intermediate- and high-risk genotypes. We found that 

samples with a Gleason score of ≥8 were highly correlated with the presence of the virus. 

Furthermore, the most frequent HR- and IR-HPV genotypes associated with PCa were 16, 31, and 52; 

interestingly, LR-HPV genotype 6 was also found in coinfection with IR-HPV or HR-HPV. 

Conversely, LR-HPV was more frequently detected in benign lesions (BPH alone or with prostatitis) 

compared to HR-HPV and IR-HPV genotypes. Our results suggest that premalignant and 

inflammatory lesions increase the risk of developing PCa. 

According to Singh et al. [11] , HPV-16 is the most prevalent genotype found in PCa samples. 

However, they also identified genotypes 31 and 52. HR-HPV genotypes can lead to malignant tumors 

even in low viral concentrations. Nonetheless, HPV-16 can reach viral loads much higher than other 

high-risk genotypes, correlating with the severity of the disease in cervical cancer, as indicated by 

Swan et al. [30]. Thus, we believe this may explain why we found HPV-16 to be more common than 
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HPV-18 in PCa samples. While it is well-known that LR-HPV has no oncogenic effect, its role as a 

promoter of persistent inflammation is reinforced by its presence in premalignant lesions such as 

BPH and BPH/prostatitis, especially in coinfection with IR-HPV and HR-HPV genotypes. This 

suggests that chronic inflammation may contribute to the initiation and progression of prostate 

cancer. Chronic inflammation is associated with higher rates of cellular mutations and genetic 

alterations, which could drive tumorigenesis [14]. Epidemiological data indicate that chronic 

infections and inflammation are linked to over 25% of all cancers [31], a finding consistent with the 

observations made by García-Lozano et al. [32] in cervical cancer. 

In this study, we aimed to investigate the expression levels of specific miRNAs in premalignant 

inflammatory lesions and their association with the oncogenic process, particularly in relation to HPV 

presence. Our analysis revealed significant statistical differences (p<0.05) in the expression levels of 

let-7c, miR-34a, miR-221, miR-145, miR-106a, and miR-126 in comparison to control prostatic tissue. 

Among them, miR-221, miR-145, miR-126, and miR-106a showed the most significant statistical 

difference (p<0.001). 

Of particular interest is the miRNA let-7c, which acts as a tumor suppressor in several cancers, 

including PCa [19]. let-7c targets genes such as NRAS, HMGA2, CCND2, c-Myc, HMGA1, AR, and 

IL6. Moreover, let-7c regulates other genes, such as TRAIL, Caspase 3, and Lin28b, which are 

associated with apoptosis, the Epithelial–mesenchymal transition (EMT) process, and angiogenesis. 

The inhibited expression of let-7c in PCa cells leads to overexpression of the androgen receptor (AR), 

c-Myc, and HMGA2, which are associated with cell proliferation, migration, invasion, and the EMT 

process [33–38]. It is noteworthy that let-7c and let-7a are considered particularly under-expressed in 

cervical cancer in comparison with other miRNAs, indicating their association with the presence of 

HPV in carcinogenic tissue [39–42]. 

We also focused on the role of miR-34a as a tumor suppressor that regulates cell differentiation, 

cell cycle, and apoptosis, as established by previous studies [43–46]. Our findings suggest that 

miRNA-34a expression is downregulated in PCa, resulting in the overexpression of several target 

genes associated with proliferation, motility, immune system evasion, and cellular senescence, 

including CDK6, NOTCH-1, MYCN, WNT proteins, BCL2, SIRT1, BIRC5, CD44, NANOG, SOX2, 

SNAI1, MET, AXIN2, PD-L1, DGKζ, and E2F3 [44]. Furthermore, our research indicates that miR-34a 

inhibits the transcription factor E2F3, which regulates survivin protein, thereby inhibiting apoptosis 

in samples with cervical cancer [19,43]. Although there is no scientific evidence that correlates E2F3 

and survivin levels with HPV presence in PCa, our study suggests that the low levels of miR-34a and 

HPV presence in our samples could be associated with high levels of E2F3 and survivin, inhibiting 

apoptosis of cells and promoting their survival. According to previous studies, miR-34a can inhibit 

SIRT1 and CD44, which are associated with cell migration, cancer progression, and inflammatory 

cellular events [43]. Our findings suggest that low levels of miR-34a could keep the inflammatory 

events of the cell, promoting the development of gland transformation through the overexpression 

of targets like CD44. Additionally, the loss of expression of this miRNA has been strongly related to 

the overexpression of AR and Notch-1, as well as high-grade lesions [47]. It is worth noting that miR-

34a expression depends on p53, and in cancer cells, p53 tends to be lower than in normal cells, as well 

as miR-34a. In addition, HR-HPV E6 and E7 oncoproteins tend to inhibit miR-34a expression, 

contributing to the overexpression of its target molecules [48,49]. Likewise, miR-21 plays a crucial 

role in the progression of PCa by regulating apoptosis, promoting cell proliferation, facilitating 

invasion and metastasis, potentially contributing to therapeutic resistance, and influencing key 

signaling pathways. Furthermore, miR-21 can alter the tumor microenvironment and the immune 

response by modulating the expression of cytokines and inflammatory factors [50]. Interestingly, in 

our study, we observed a decrease in miR-34a levels and an increase in miR-21 levels among high 

Gleason grade PCa patients. These findings align with the research conducted by Khatami et al. [39], 

who examined tissue samples from 112 PCa patients and 39 controls to detect HPV and evaluate 

miRNA expression profiles. Remarkably, they reported a significant decrease in miR-34a levels and 

an increase in miR-21 levels in PCa patients compared to those in control tissue. These observations 

suggest that miR-34a may play a role in the development and progression of prostate cancer. 
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Additionally, Stafford et al. [51] discovered a significant association between elevated miR-21 

expression and advanced stages of PCa, as determined by the Gleason scale. This strongly suggests 

that elevated miR-21 expression could serve as a valuable biomarker for predicting prostate cancer 

prognosis. 

The downregulation of miR-126 has been shown to be associated with various cellular processes 

such as apoptosis, proliferation, cell migration, adhesion, and metastasis by targeting SIRT1, CDK6, 

PIK3R2, E-cadherin, ADAM9, and integrins. Additionally, miR-126 targets the inflammatory 

molecule HMGB1, and its under-expression has been linked to increased inflammatory processes in 

tissues [52–55]. This indicates that the altered expression of miRNAs, such as miR-34a and miR-126, 

may play a role in the carcinogenic process of prostate cells by linking inflammatory processes to 

malignant lesions. 

On the other hand, miR-221 has been found to inhibit the SOCS3 and IRF2 genes, which suppress 

the JAK/STAT pathway that is important in the IFN-II-mediated antiviral response [56,57]. Our 

investigation revealed a diminished expression of miR-221, suggesting that the suppression of the 

JAK/STAT pathway inhibits the antiviral HPV response [56,58]. Several studies have reported that 

the downregulation of miR-221 in PCa could activate the TGFβ pathway, which promotes the 

development and progression of cancer [59]. Moreover, the downregulation of miR-221 has been 

associated with the overexpression of AR, leading to the loss of the ability of the cells to regulate 

carcinogenic processes [59]. However, normal expression levels of miR-221 have been found to inhibit 

IRF2 and SOCS3, suppressing in turn the cell proliferation in androgen-independent PCa tumors, 

suggesting that miR-221 may be relevant in the control of cell growth [60]. 

According to Cui et al. [61], miR-145 is a tumor suppressor that plays a vital role in regulating 

various cellular processes such as cell cycle, proliferation, apoptosis, and cell invasion. Furthermore, 

under-expression of miR-145 is correlated with the transmembrane protease serine 2-ERG fusion 

(TMPRSS2-ERG) protein in PCa cells and has been shown to regulate the c-Myc gene that is involved 

in PCa progression [62]. Under normal conditions, miR-145 participates in anti-inflammatory events 

through its inhibitory effect on CD40, IL-6, CXCL8, and SMAD3 [63]. Moreover, the oncoproteins E6 

and E7 of HR-HPVs facilitate the sub-expression of miR-145 and BRCA1 through the union between 

the E2F1 factor and Myc in the promoter region of BRCA. Furthermore, Gunasekharan and Laimins 

[64] reported that HPV-31 can control the expression of miR-145 to maintain its replicative cycle 

within the cell and suggested that the seed region of miR-145 has a strong affinity for HR-HPV 

genotypes, ensuring maintenance of infection in epithelial tissue. 

In oropharyngeal carcinoma, it was reported that the subexpression of miR-199b, miR-143, miR-

145, and miR-126 was due to the presence of HPV, identifying that miR-145 has a specific affinity 

with the ORF region of the E1 gene [42]. miR-145 is essential in the negative regulation of the 

replicative cycle of HPV, so the low expression levels of this miRNA are crucial in the tumor 

formation associated with HPV [42]. Furthermore, our results suggest that the normal expression of 

miR-145 has an anti-inflammatory effect in prostate cells. However, its subexpression in 

inflammatory lesions (BPH or BPH/prostatitis) could contribute to the transformation of cancer cells 

along with the deregulated expression of the miRNAs mentioned above. 

Shen et al. [65] found that the under-expression of miR-106a is related to the overexpression of 

IL-8 in PCa cells. IL-8 is a molecule that promotes prostate tumorigenesis and is a direct target of miR-

106a. IL-8 is also known as a primary inflammatory cytokine that facilitates cellular adhesion, 

neutrophil, and monocyte migration, as well as chronic inflammatory processes. The oncoprotein E6 

of HPV positively regulates the expression of IL-8, which is associated with MMP-2 and MMP-9 

metalloproteases [66]. If HR-HPVs increase IL-8, our findings about the HPV presence in PCa samples 

could explain the downregulation of miR-106a. In summary, the deregulation of miR-34a, miR-221, 

miR-145, and miR-106a in both chronic inflammatory lesions and PCa positive for HPV strongly 

suggests their participation in the development of the pro-oncogenic microenvironment. 

In summary, in Figure 6 we propose a possible mechanism of miRNA expression and their role 

in viral protein modulation and malignant prostate transformation. According to the results, the 

deregulation of miR-34a, miR-221, miR-145, and miR-106a in chronic inflammatory lesions in samples 
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of BPH/prostatitis and HPV-positive prostate cancer clearly suggests their participation in the pro-

oncogenic microenvironment through the alteration of various molecular pathways. 

Ongoing studies will elucidate whether these miRNAs are potential candidates as biomarkers 

for prognosis, diagnosis, or therapeutic targets in HPV-associated prostate cancer. These 

investigations are essential for establishing their clinical relevance and potentially paving the way for 

novel therapeutic strategies in the treatment of this disease. 

 

Figure 6. Schematic overview of miRNAs potential role in HPV infection and prostate cancer 

progression. miRNAs such as miR-34a, miR-143, and miR-145 are frequently dysregulated in tissues 

affected by HPV, influencing key cellular processes like apoptosis and cell cycle arrest through their 

interactions with HPV oncoproteins E6 and E7. E6 leads to the degradation of p53, disrupting various 

miRNAs that emulate p53 functions, while E7 impedes the retinoblastoma (Rb) protein, altering E2F 

transcription factor activities. This miRNA dysregulation plays a crucial role in cancer progression by 

affecting multiple signaling pathways. Specifically, miR-34a and miR-145 suppress androgen receptor 

(AR) levels, and miR-21, miR-106a, and the miR-221/222 cluster target PTEN, leading to activation of 

the PI3K/AKT/mTOR pathway. These alterations enhance cellular proliferation, invasion, epithelial-

mesenchymal transition (EMT), and metastasis. Importantly, let-7c and miR-143 downregulate the 

PI3K/AKT pathway, mitigating tumor growth. Moreover, miR-21 and the miR-221/222 cluster also 

interact with the JAK/STAT pathway, where they influence inflammatory and immune responses, 

further contributing to prostate cancer progression. Collectively, miRNAs are pivotal in mediating 

HPV’s oncogenic effects in prostate cancer by regulating essential signaling pathways, highlighting 

their potential as both biomarkers and therapeutic targets in the management of the disease. 

4. Materials and Methods 

4.1. Biological Samples 

A retrospective analysis was conducted on prostatic tissue samples embedded in paraffin. The 

study included 50 samples with a positive histopathological diagnosis of benign prostatic lesions, 13 

with BPH alone and 37 with BPH with prostatitis foci, and 33 samples diagnosed with PCa. In this 

study, 14 control samples were included: six samples obtained from autopsies of individuals who 

died in accidents, and eight BPH tissue samples. All these samples were negative for HPV. 
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4.2. Histopathological Analyses and DNA Extraction 

For the processing of samples and hematoxylin-eosin staining, we made slight modifications to 

the protocols described by Pérez et al. [67] and Martínez et al. [68]. Formalin-fixed paraffin-embedded 

prostate tissue biopsies were processed using a mechanical tissue processor (Leica Instruments, 

Nussloch, BW, Germany). The samples were then incubated in xylene and subjected to a series of 

alcohol washes. The specimens were embedded in paraffin, sectioned at 5 micrometers (µm), and 

stained with hematoxylin-eosin. Two experienced pathologists examined the slides to confirm the 

diagnosis of each pathological entity and to determine the severity level of the PCa group using the 

Gleason scale. 

DNA was extracted from the paraffin-embedded tissues using the deparaffinization technique 

of Johann et al. [69] and the DNeasy Blood & Tissue kit (QIAGEN, Germantown, MD, USA) according 

to the manufacturer’s recommendations. The extracted DNAs were quantified at 260 nm using a 

spectrophotometer (Epoch™, BioTek®) (BioTek Instruments, Winooski, VT, USA). Samples with 

DNA purity of 1.4-1.8 and DNA concentration of ≥100 ng/μl were used for HPV detection. The DNA 

quality was determined by amplifying the human β-globin gene (approximately 268 base pairs; bp) 

using the primers GH20 (5’-GAAGAGCCAAGGACAGGTAC-3’) and PC04 (5’-

CAACTTCATCCACGTTCACC-3’). β-globin was used as an endogenous control to assess the 

integrity of DNA extraction from the samples. The amplification protocol was performed according 

to Zandnia, et al. and Williamson et al. [70,71], which consisted of an initial 5 min denaturation step 

at 95 °C, followed by 30 amplification cycles. Each cycle consisted of 30 s at 95 °C for denaturation, 

30 s at 62 °C for annealing, and 30 s at 72 °C for extension. A final extension step of 5 min at 72 °C 

was applied to complete the amplification. The amplified products were analyzed by electrophoresis 

in 30% polyacrylamide gels. Only β-globin positive samples were selected. 

4.3. HPV Detection by Multiplex PCR 

HPV detection was carried out using the GP5+/6+ pair of degenerate oligonucleotides that 

amplify a 150 bp sequence within the L1 region of the HPV genome. The touchdown protocol 

described by Evans, et al. [72] was followed. To determine the genotype of HPV, the multiplex PCR 

(mPCR) Human Papilloma Virus Set 2 kit (Maxim Biotech, Rockville, MD, USA) was employed 

according to the manufacturer’s instructions. This kit was designed specifically for the simultaneous 

detection of the 8 most prevalent HPV genotypes in the population; 6, 11 (low-risk); 31, 33, 52, 58 

(intermediate-risk); and 16, 18 (high-risk). PCR products were separated by electrophoresis using 

12% polyacrylamide gels and analyzed after staining with ethidium bromide (Bio-Rad, Hercules, CA, 

USA). 

4.4. In Situ PCR 

To identify the High Risk-HPV (HR-HPV) E6/E7 viral genes, a direct in situ PCR was performed 

using specific primers, as previously described in the literature [73]. The procedure involved 

incubation of dried dewaxed sections on DNase/RNase-free electrocharged slides with Proteinase K, 

followed by washing with ultrapure water. PCR optimal solution containing digoxigenin-11-(2’-

deoxy-uridine-5’)-triphosphate, DIG-11-dUTP, (Roche, Indianapolis, IN, USA) was used. In situ PCR 

was carried out using the system provided by Perkin Elmer, employing a hot start method and two 

consensus sequence primer pairs within E6 and E7 of HR-HPV (pU-1M and pU-2R primers) [74], and 

5 U of Taq DNA polymerase. The cycling conditions included 2 min at 94 °C, followed by 18 cycles 

of 94 °C for 1 min, 60 °C for 1 min, and 72 °C for 1 min. Clips and AmpliCover discs were then 

removed, and slides were washed in PBS, followed by 5 min in 100% EtOH, before being air-dried. 

4.5. Sequence Detection of In Situ PCR Products 

To detect the PCR product, an indirect immunolabelling method using a primary anti-

digoxigenin antibody (Roche, Indianapolis, IN, USA) conjugated to alkaline phosphatase was 

employed. Prior to labelling, a blocking step was carried out using 5% BSA (Sigma, St. Louis, MO, 
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USA) in PBS for 30 min. The slides were then drained, and an anti-DIG antibody was added at a 

dilution of 1:200 in 100 mM Tris HCl pH 7.4 and 150 mM NaCl and incubated for 2 h at room 

temperature. Detection of alkaline phosphatase was achieved by using the NBT/BCIP kit (Roche, 

Indianapolis, IN, USA) for 10 min. After detection, the slides were rinsed in distilled water for 5 min 

and counterstained with Fast Green. Finally, the slides were air dried before being mounted in 

Permount histological mounting medium (Fisher Scientific, Waltham, MA, USA). 

4.6. Digital Analysis and Relative Semi-Quantification of In Situ Positive Signal 

A set of low-amplification (5x) images of up to 10 areas of each tissue sample were captured 

using a DFC290 HD digital camera (Leica Microsystems, Buffalo Grove, IL, USA). Subsequently, the 

experimental image files were digitally processed to obtain a uniform signal using PhotoImpact 

(Ulead PhotoImpact SE Version 3.02, Ulead Systems, Torrance, CA, USA). The relevant regions were 

digitally assessed using the Image-ProPlus Analysis Software (Version 4.5.0.19, Media Cybernetics, 

Inc., Rockville, MD, USA). All pixels exhibiting positive amplification signal for HPV E6/E7 

oncogenes, and falling within the specified threshold parameters, were quantified to produce a 

graphical representation [73]. 

4.7. RT-qPCR for miRNAs 

miRNAs were extracted from 20 µm thickness dewaxed tissue sections of biological samples 

using the standard TRIzol method [75] and conserved in DEPC-treated water to prevent degradation. 

The concentration of extracted RNA was quantified by spectrophotometer (Epoch™, BioTek®) 

(BioTek Instruments, Winooski, VT, USA) to ensure a purity of 1.7-1.9 (260/280 ratio) and a 

concentration of ≥50 ng/μl. The cDNA synthesis (RT) of each miRNA was performed using 50 ng of 

RNA and the TaqMan® Micro-RNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, 

USA) according to the manufacturer’s instructions. The RT-qPCR assays were carried out using the 

TaqMan Micro-RNA Assays with the Stratagene system MX 3000p (Thermo Fisher Scientific, 

Waltham, MA, USA) and included 40 cycles (denaturation at 95 °C, annealing and extension at 60 

°C). We used commercial TaqMan probes (Applied Biosystems, Foster City, CA, USA) for the 

detection of hsa-miR-34a-5p, hsa-miR-106a-5p, hsa-miR-143-5p, hsa-miR-145-5p, hsa-miR-221-5p, 

hsa-miR-222-5p, and hsa-miR-34a-5p, hsa-miR-106a-5p, hsa-miR-143-5p, hsa-miR-145-5p, hsa-miR-

221-5p, hsa-let-7c-5p, and hsa-miR126-5p. The internal control RNU48 was used to compare the 

relative expression of selected miRNAs in experimental tissue samples using the 2-ΔΔCt method [76]. 

All experiments were performed at least in triplicate. 

4.8. Statistical Analysis 

Graphics were generated using the GraphPad Prism version 8.0.1(GraphPad Software, San 

Diego, CA, USA) and IBM SPSS Statistics 25 software (IBM Corporation, Armonk, NY, USA), with a 

95% confidence interval. The statistical analyses were conducted using one-way ANOVA and 

multiple comparison tests, including Tukey and Dunnett, as well as multiple T-tests per row. The 

levels of statistical significance were determined in accordance with the guidelines outlined by the 

American Psychological Association (APA), with *p≤0.003, **p≤0.002, and ***p≤0.001. The data 

presented represents the standard deviation obtained from at least three independent experiments. 

Finally, differences in intragroup, ∆Ct data were compared using boxplots in the JMP statistical 

software (SAS Institute, Cary, NC, USA). 

5. Conclusions 

Our study highlights the significance of miR-34a, miR-143, miR-145, and miR-221 in BPH and 

prostatitis, and let-7c, miR-34a, miR-126, miR-221, miR-145, and miR-106a in HPV-positive prostate 

cancer. These miRNAs modulate oncogenic pathways and contribute to the development of a pro-

oncogenic environment, highlighting their potential as biomarkers for the prognosis, diagnosis, and 

treatment of HPV-driven prostate conditions. 
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