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Abstract

Introduction

Cervical cancer, primarily driven by Human Papillomavirus (HPV) infection, stands as a sub-

stantial global health challenge. The TP53 gene’s, Arg72Pro polymorphism has emerged as

a noteworthy player in cervical cancer development, particularly among individuals harbor-

ing high-risk (HR) HPV types. Additionally, long non-coding RNAs (lncRNAs), exemplified

by metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), exert critical roles in

cancer biology. This study delves into unravelling the intricate connections linking HPV

infection, TP53 Arg72Pro polymorphism, and MALAT1 expression in the context of cervical

cancer.

Materials and methods

Within a cohort of cervical cancer patients, we discerned HPV infection statuses, executed

genotyping for the TP53 Arg72Pro polymorphism, and quantified MALAT1 expression

through quantitative reverse transcription-polymerase chain reaction (qRT-PCR). Statistical

analyses meticulously probed relationships intertwining HPV infection, TP53 polymorphism,

and MALAT1 expression.

Findings

Our investigation revealed a striking prevalence of the TP53 Arg72Pro polymorphism

among HPV-positive subjects, accompanied by a robust and statistically significant correla-

tion linking MALAT1 overexpression (p<0.01) and HR-HPV positivity (p<0.03). Importantly,

a subset of MALAT1 overexpression cases unveiled a concomitant TP53 Pro72Pro poly-

morphism. In contrast, HPV-negative invasive cervical carcinoma samples exhibited no dis-

cernible shifts in MALAT1 expression.

Conclusion

The contours of our findings sketch a compelling landscape wherein HR-HPV infection,

TP53 polymorphism, and MALAT1 expression intertwine significantly in cervical cancer.
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The voyage ahead entails delving deeper into molecular underpinnings to decipher

MALAT1’s nuanced role and its dance with TP53 within HPV-associated cervical carcino-

genesis. This expedition promises insights that may engender targeted therapeutic interven-

tions and bespoke prognostic markers, tailored to the realm of HR-HPV-related cervical

cancer.

Introduction

Cervical cancer remains a formidable global health challenge [1], driven by the central role of

Human Papillomavirus (HPV) infection in its etiology [2]. Despite advancements in vaccina-

tion, the escalating prevalence of HPV-associated cancers underscores the imperative for more

comprehensive investigations [3–5]. Unravelling the intricate molecular mechanisms under-

pinning HPV-associated cervical cancer progression assumes paramount importance for

devising targeted interventions and augmenting patient outcomes. The HPV life cycle entails

the infection of basal epithelial stem cells, intricately synchronized with viral oncogene expres-

sion and cellular differentiation to orchestrate virion production. Perturbations, such as pro-

moter methylation obstructing E2 repressor binding or functional inactivation arising from E2

gene deletion or mutation, culminate in elevated expression of viral oncoprotein E6 and E7.

These oncoproteins, targeting pivotal tumor suppressors p53 and pRb, crucially steer cellular

transformation and cancer progression [6]. The disruption of control mediated by these fun-

damental cellular regulators precipitates unbridled growth and malignant transformation.

Notably, a key genetic variant within the TP53 gene, the Arg72Pro polymorphism, has gar-

nered considerable attention in the context of cervical cancer. Insightful research has disclosed

the Arg72 variant’s heightened affinity for binding to the high-risk HPV E6 protein, distin-

guishing it from the Pro72 variant [7]. This intriguing observation suggests that the TP53

Arg72 variant might exert a pivotal role in both the inception and advancement of cervical

cancer, especially within the cohort affected by HPV infection. Nevertheless, the impact of this

polymorphism on cervical cancer outcomes in HPV-negative individuals remains shrouded in

ambiguity, thus warranting deeper scrutiny.

Moreover, the emerging landscape of long non-coding RNAs (lncRNAs) in cancer biology

introduces further layers of complexity. Among these, metastasis-associated lung adenocarci-

noma transcript 1 (MALAT1), an infrequently spliced lncRNA, has surfaced as a significant

player within various gynecological malignancies [8]. Dysregulation of MALAT1 associates

with heightened cell proliferation, metastasis, and alteration of target gene splicing [9]. The

intricate interplay between MALAT1 and the tumor suppressor TP53 confounds the molecu-

lar panorama of cervical cancer progression.

In this study, our objective was to meticulously scrutinize the potential interplay among

HPV infection, the TP53 Arg72Pro polymorphism, and the lncRNA MALAT1 expression.

Materials and methods

A total of 200 women within the reproductive age range (18–65 years) were enrolled in this

study between April 14, 2019, and December 14, 2019. Among these, 150 women constituted

the target group testing positive for high-risk HPV types (16/18/31/33/35), while the remain-

ing 50 women comprised the control group, testing negative for HPV. Cervical cancer screen-

ing involved liquid-based cytology using Hologic Inc.’s system (Rome, Italy) for both groups,

with details of HPV status and cytology results previously published and presented in Table 1

[10].
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Given the inherent stability of human nucleic acids in liquid-based cytology media [11],

TP53 gene status was assessed through polymerase chain reaction-restriction fragment length

polymorphism (PCR-RFLP) analysis using DNA extracted from these samples. Similarly, the

expression of the lncRNA MALAT1 was evaluated in the same samples. Nucleic acid extrac-

tion followed by manufacturer’s protocols using DNA and RNA kits from Qiagen (Hilden,

Germany), and extracted samples were stored at -18˚C.

For TP53 Arg72Pro polymorphism determination, PCR-RFLP and BstUI restriction endo-

nuclease (Fermentas, Vilnius, Lithuania) were employed. Amplification of a targeted 296-base

pair (bp) fragment utilized the following primers:

Forward: 5’–TTGCCGTCCCAAGCAATGGATGA– 3’

Reverse: 5’–TCTGGGAAGGGACAGAAGATGAC– 3’.

Each 50 μL PCR reaction contained 0.1 μg genomic DNA; 1 U Taq DNA polymerase; 10

pmol of each primer; 200 mM of each deoxynucleotide triphosphate (dNTP); 1.5 mM magne-

sium chloride (MaCl2), with primers and reagents procured from Norgen Biotek Inc., (Thor-

old, Canada). The PCR conditions comprised an initial 5 min denaturation at 95˚C, 30 cycles

of 30 sec at 95˚C, 30 sec at 57˚C, and 1 min at 72˚C, followed by a final step at 72˚C for 7 min.

Subsequent BstUI digestion of the resulting 312-bp PCR products of TP53 exon 4 adhered to

the manufacturer’s guidelines (Fermentas, Vilnius, Lithuania). After separation via 4% agarose

gel electrophoresis with ethidium bromide, digestion products were visualized using an ultra-

violet (UV) transilluminator.

Reverse transcription of lncRNA MALAT1 RNA involved the high-capacity RNA-to-

cDNA kit (Applied Biosystems, Foster City, CA, USA) in a 20 μL reaction volume, with inclu-

sion of a negative control in each experiment to verify absence of genomic DNA contamina-

tion. All cDNA samples were stored at −20˚C until further molecular analysis. The MALAT1

primers were:

Forward: 50-CCCCACAAGCAACTTCTCTG-30,

Reverse: 50-TCCAAGCTACTGGCTGCATC-30.

Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) measured

MALAT1 expression in a 10 μL reaction containing 1 μL of cDNA, 2 μL of PCR Synthesis

Buffer, 1 μL of MgCl2, 0.2 μL of dNTPs, 0.5 μL of BSA, 0.1 μL of Hot Start DNA polymerase,

0.3 μL of forward and reverse primers, and 1 μL of 1X LC Green1. The qRT-PCR protocol

encompassed an initial cycle at 95˚C for 2 min, followed by 45 cycles of amplification at 95˚C

for 10 sec, 60˚C for 10 sec, and 72˚C for 10 sec. The melting curve analysis introduced a rapid

Table 1. Data on the HPV status and liquid-based cytology results for cervical cancer screening from the study

participants.

Liquid-based cytology for cervical cancer screening (The

2001 Bethesda system)

Subjects

(n)

HPV status: positive for high-risk HPV

types 16/18/31/33/35

NILM: Negative for intraepithelial lesion or malignancy 42 No

ASC-US: Atypical squamous cells of undetermined

significance

8 No

57 Yes

LSIL: Low-grade squamous intraepithelial lesion 36 Yes

HSIL: High-grade squamous intraepithelial lesion 32 Yes

ASC-H: Atypical squamous cells, cannot exclude high-grade

squamous intraepithelial lesion

25 Yes

https://doi.org/10.1371/journal.pone.0291725.t001
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cooling cycle to 40˚C for 30 sec, with real-time fluorescence acquisition at the elongation step

(72˚C). Subsequent melting curve analysis incorporated steps at 55˚C for 20 sec, 95˚C for 20

sec, ramping at 0.19˚C/sec, with continuous acquisition mode and the final step at 40˚C for 10

sec. The reference gene, beta-2-microglobulin (B2M) was included, utilizing validated

qRT-PCR assays [12]. Standardization of MALAT1 expression values employed B2M as the

reference gene. Relative quantification (RQ) involved the ΔΔCq method [12], with the fold

change of MALAT1 expression relative to the reference gene calculated using the formula

RQ = 2^(-ΔΔCq).

Statistical analysis employed SPSS v.28.0.1.1 software, with intra-group comparisons deter-

mining p-values; significance was established at p<0.05. Ethical clearance was secured from

the Bioethics International Committee of the Petre Shotadze Tbilisi Medical Academy (identi-

fication code: 20042019/2, Tbilisi, Georgia). All procedures adhered to the Helsinki Declara-

tion of 1975, revised in 2013, with participants receiving comprehensive study information

and providing written informed consent prior to inclusion.

Results

This study sought to elucidate potential connections among HR-HPV infection, the TP53

Arg72Pro polymorphism, and lncRNA MALAT1 expression. Through TP53 Arg72Pro poly-

morphism analysis, we identified three distinct variants:

1. Homozygous wild-type Arg/Arg variant, characterized by bands of 259 bp and 53 bp.

2. Homozygous Pro/Pro variant, evident as a single band of 312 bp.

3. Heterozygous variant, signified by the presence of all three bands (259 bp, 53 bp and 312

bp).

Among HPV-positive subjects, the TP53 gene codon 72 polymorphism was identified in

142 cases (94.7%). Within this group, 102 individuals (68.0%) were identified as Pro/Pro

homozygotes, and 40 individuals (26.7%) exhibited Arg/Pro heterozygosity. Detailed informa-

tion on HPV status, liquid-based cytology results, and TP53 Arg72Pro polymorphism can be

found in Table 2.

Among the HPV-positive samples, 66.7% (100 out of 150) exhibited MALAT1 overexpres-

sion. Notably, only 15% of these cases were associated with TP53 Arg72Pro polymorphism,

implying that a significant majority, 85%, of MALAT1 overexpression instances are linked to

TP53 Pro72Pro polymorphism (Table 3). Conversely, HPV-negative samples did not demon-

strate significant alterations in MALAT1 expression.

Table 2. HR-HPV status, liquid-based cytology result and TP53 Arg72Pro polymorphism frequency from the study groups.

Liquid-based cytology for cervical cancer screening (The 2001

Bethesda system)

Subjects

(n)

TP53 Arg72Pro Polymorphism HPV status: positive for high-risk HPV types

16/18/31/33/35Arg72Arg Arg72Pro Pro72Pro

NILM: Negative for intraepithelial lesion or malignancy 42 40 2 — No

ASC-US: Atypical squamous cells of undetermined significance 8 — 8 — No

57 6 12 39 Yes

LSIL: Low-grade squamous intraepithelial lesion 36 — 8 28 Yes

HSIL: High-grade squamous intraepithelial lesion 32 — 3 29 Yes

ASC-H: Atypical squamous cells, cannot exclude high-grade

squamous intraepithelial lesion

25 2 17 6 Yes

Total 48 50 102

https://doi.org/10.1371/journal.pone.0291725.t002

PLOS ONE HPV-TP53-MALAT1 Axis

PLOS ONE | https://doi.org/10.1371/journal.pone.0291725 October 9, 2023 4 / 7

https://doi.org/10.1371/journal.pone.0291725.t002
https://doi.org/10.1371/journal.pone.0291725


Discussion

Our study aimed to unravel the intricate interplay between HPV infection, the TP53 Arg72Pro

polymorphism, and the expression of the long non-coding RNA (lncRNA) MALAT1, particu-

larly within the context of cervical dysplasia progression. MALAT1, a molecule of intense

investigation across various cancers, including lung, endometrial, breast, and invasieve cervical

cancer, initially surfaced as a potential as a prognostic marker for non-small cell lung cancer

metastasis [13]. Its subsequent roles in diverse malignancies, marked by hyperproliferation

and metastasis, have garnered attention [14–16]. Functionally, MALAT1’s involvement

extends to cell cycle regulation, as exemplified by its interaction with unmethylated PC2 pro-

tein in HeLa cells, facilitating SUMOylation of E2F1, a critical cell cycle control transcription

factor [17]. Moreover, insights from human diploid fibroblasts underscore MALAT1’s influ-

ence on G1 phase progression, hinting at its pivotal role in orchestrating cell cycle succession

[18]. The precise mechanism by which MALAT1 modulates E2F1 activity, alongside potential

interplays with p53-mediated cell cycle arrest, beckon further exploration [18]. Notably, recent

time course experiments suggest a potential connection between MALAT1 and p53, with

MALAT1 depletion potentially affecting p53 levels in response to double-stranded DNA dam-

age, offering tantalizing clues about their intricate interplay [18]. Transcriptional regulation of

MALAT1 complex narrative involves its interplay with the tumor suppressor protein p53.

Insights reveal direct binding of p53 to specific binding motifs in MALAT1’s promoter region,

leading to its transcriptional inhibition. Activated p53, often in response to cellular stress or

DNA damage, contributes to downregulating MALAT1 expression [9].

Our findings underscore the TP53 Arg72Pro polymorphism’s prevalence among HPV-pos-

itive subjects, with 94.7% harboring this variant, comprising 68.0% Pro/Pro homozygotes and

26.7% Arg/Pro heterozygotes. Intriguingly, our analysis of MALAT1 overexpression and HPV

status unveils 66.7% of HPV-positive samples exhibit heightened MALAT1 expression. Of

note, a significant 85% of cases with MALAT1overexpression are associated with TP53 Pro72-

Pro polymorphism. In contrast, a smaller fraction (15%) of HPV-positive cases with MALAT1

overexpression exhibited TP53 Arg72Pro polymorphism. This pattern is concordant with pre-

vious observations and suggest a robust connection between HPV infection, TP53 polymor-

phism and MALAT1 overexpression, particularly in cervical tissues of experiencing escalating

dysplasia. We posit that the TP53 Pro72Pro polymorphism potentially fosters p53 inactivation,

unleashing uncontrolled MALAT1 transcription–a potential keystone culminating in transfor-

mation and cancerogenesis upon HR-HPV infection. However, the intricate molecular under-

pinnings driving MALAT1 dysregulation within HPV-related cervical carcinogenesis warrant

nuanced exploration. Deciphering these mechanisms stand to illuminate pathogenic insights

and unveil promising therapeutic avenues for both HPV-associated cervical cancer and its pre-

malignant stages.

Table 3. MALAT1 overexpression and TP53 Arg72Pro polymorphism from the HPV-positive group.

Liquid-based cytology for cervical cancer screening (The 2001 Bethesda system) Subjects (n) TP53 Arg72Pro Polymorphism MALAT1 overexpression

Arg72Arg Arg72Pro Pro72Pro

ASC-US: Atypical squamous cells of undetermined significance 57 6 12 39 27

LSIL: Low-grade squamous intraepithelial lesion 36 — 8 28 35

HSIL: High-grade squamous intraepithelial lesion 32 — 3 29 32

ASC-H: Atypical squamous cells, cannot exclude high-grade squamous intraepithelial

lesion

25 2 17 6 6

Total 8 40 102 100

https://doi.org/10.1371/journal.pone.0291725.t003
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Conclusion

Our study sheds light on the intricate relationship between HPV infection, the TP53 Arg72Pro

polymorphism, and the heightened expression of the long non-coding RNA (lncRNA)

MALAT1 in cervical tissues with associated dysplasia. Extensively explored in various cancers

MALAT1’s propensity for fostering hyperproliferation and metastasisis noteworthy. Notably,

our findings reveal a predominance of TP53 Pro72Pro polymorphism among HPV-positive

subjects, correlated with increased MALAT1 expression. This hints at a plausible role of TP53

Pro72Pro polymorphism in unhindered MALAT1 transcription upon HPV infection, poten-

tially fueling cervical carcinogenesis. While our study furnishes valuable insights into the intri-

cate interplay between HPV infection, TP53 polymorphism, and MALAT1 overexpression,

unravelling the molecular tapestry underlying these connections beckons further exploration.

The enigmatic MALAT1 dysregulation within HPV-related cervical carcinogenesis merits in-

depth investigation, offering a potential avenue for identifying therapeutic targets tailored to

HPV-associated cervical cancer.
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