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Abstract

The province of Misiones is considered a region with a high mortality rate due to

cervical cancer (CC). To gain insight into this problem, we explored the association

between genetic variation in the E6 and E7 oncogenes of HPV16 and the risk of CC.

We studied 160 women with cytological diagnoses of negative for intraepithelial

lesion or malignity, low‐grade squamous intraepithelial lesion, and high‐grade

squamous intraepithelial lesion/CC and a positive test for HPV16 infection. The

genetic characterization of E6 and E7 genes was undertaken through PCR amplifi-

cation and direct Sanger sequencing. Phylogenetic classification was conducted

using Bayesian methods. To estimate the odds ratio (OR) for an association between

genetic variants in the E6 and E7 genes and the risk of CC, we used ordinal logistic

regression adjusted by age. The final data set comprised 112 samples. Diagnostic

single‐nucleotide polymorphisms (SNPs) and phylogenetic trees confirmed the pre-

sence of Lineage A (95.5%) and D (4.5%) in the samples. For the E6 gene, we

identified eleven different sequences, with the most common ones being Lineage A

E6 350G (58.9%) and E6 350T (37.5%). The E6 350G was associated with pro-

gression to HSIL/CC, with an OR of 19.41 (4.95–76.10). The E7 gene was more

conserved than E6, probably due to the functional constraints of this small protein.

Our results confirmed the association of the E6 350G SNP with a higher risk of

developing CC. These data will contribute to understanding the biological bases of

CC incidence in this region.

K E YWORD S

carcinogenesis, cervical cancer, HPV, risk factor, SNP

1 | INTRODUCTION

Cervical cancer (CC) is the third most common cancer among women

worldwide, and ranks as the fourth most frequent cancer

among women in Argentina, causing 2231 deaths every year.1 Mis-

iones Province is considered a region with a high mortality rate of

CC (15/100 000 individuals) compared to the national average

(7/100 000).2 The primary risk factor identified in the development of

this disease is persistent infection with high‐risk human papilloma-

virus (HPV), particularly HPV type 16 (Family Papillomaviridae, genus

Alphapapillomavirus, species A9).3 During the last 10 years, we have

studied risk factors for CC in this population. These early studies

J Med Virol. 2021;1–7. wileyonlinelibrary.com/journal/jmv © 2021 Wiley Periodicals LLC | 1

https://orcid.org/0000-0001-7924-0776
https://orcid.org/0000-0003-3033-3802
mailto:inesbadano@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjmv.27359&domain=pdf&date_stamp=2021-10-04


showed a high prevalence of HPV infection (>30%) in different popula-

tions across the province2,4 with the most common type being HPV16

(9.8%).2 Since 2011, the introduction of vaccination programs is con-

tributing to a significant reduction in HPV16/18 infection (nearly 95%).

However, the prevalence in young unvaccinated women (between 15

and 17 years old) showed 62% rate of HPV infection, with 21% being

infected with HPV16/18.5 Thus, the epidemiology of HPV16 infection

and risk factors involved in the development of CC remains as an im-

portant issue to address in this population.

The association of HPV16 infection and the development of CC

has been confirmed in several studies with an odds ratio (OR) ranging

from 5.3 (1.8–15.8) to 24.2 (9.3–62.7).2,6 Furthermore, the analysis of

genetic variation in HPV16 at the noncoding LCR region indicated

that different viral lineages were present in the region (93% A and

7% D), probably due to the multiethnic origin of this population.3

Lineage D was also associated with high‐grade lesions and cancer at

an OR of 13.8 (1.6‐117.0).3 Aside this initial work, however, no other

viral genes were investigated in relation to the development of CC in

Misiones.

The HPV E6 gene is an oncogene of 450 base pairs (bp) that en-

codes a 151 amino acid protein involved in the human cell transfor-

mation.7,8 Several single‐nucleotide polymorphisms (SNPs) have been

reported across its sequence,9–11 suggesting that the gene is under di-

versifying selection.12 Among them, the 350T→G (E6 350G) mutation is

a non‐synonymous substitution that results in a Valine to Leucine

change in the 83rd amino acid of the oncoprotein 83L→V (L83V). In

vitro studies have shown that this mutation can affect antigenic pre-

sentation and immunogenicity, increasing the capacity of the virus to

induce cell transformation compared to the E6 350T allele.13,14

The E7 gene is an oncogene of 297 bp that encodes a 98 amino

acid protein.15 Studies in transgenic mice have shown that E7 is a

more potent driver for CC than E6.15 On the other hand, recent large

epidemiological studies showed that genetic variation at this locus is

very low in CC cases compared to controls.16,17 This finding suggests

that E7 sequence conservation is crucial for CC development.16,17

Moreover, the limited repertoire of E7 proteins is consistent in dif-

ferent geographic locations and ethnic populations, and has features

of purifying selection.17

Given this background information for these oncogenes, this

study aimed to explore the potential association between HPV16 E6

and E7 variants with the risk of CC among urban women living in

northeastern Argentina. The results of this analysis will enhance our

understanding of the incidence of CC in this region of South America,

and help clarify the role of HPV as a viral genetic risk factor in Ar-

gentinian populations.

2 | METHODS

2.1 | Study design and bioethics

This is a retrospective case‐control study investigating genetic risk

factors, viral infection, and CC. The study samples were selected from

the LaBiMAp database (2004–17), Misiones (Argentina). The inclu-

sion criteria were cytological diagnosis of negative for intraepithelial

lesion or malignity (NILM), low‐grade squamous intraepithelial lesion

(L‐SIL), high‐grade squamous intraepithelial lesion (H‐SIL), CC in situ/

invasive, and a positive test for HPV16 infection. Age information was

also available for each participant. Samples were selected without

personal information to preserve patient anonymity. The Ethics

Committee of the “Departamento de Docencia e Investigación, Co-

mité de Bioética, Hospital Dr. Ramón Madariaga, Posadas, Misiones”

approved the study design.

2.2 | Study population and biological samples

A total of 160 women were positive for HPV 16, including 56 con-

trols (NILM) and 104 cases (48 L‐SIL, and 56 H‐SIL/CC). Biological

samples consisted of total DNA extracted from cervical scrapings

(n = 134) or biopsies (n = 26). These DNA extracts were obtained

during 2004–2017 by using commercial kits (ADN PuriPrep‐S Kit,

K1205‐250, Inbio HighWay®).

2.3 | E6 and E7 genetic characterization

The genetic characterization of the E6 and E7 genes in HPV16

samples was conducted through PCR amplification and direct se-

quencing of a single 749 bp fragment with primers E6/E7‐Fw

(ATGCACCAAAAGAGAACTGC) and E6/E7‐Rv (TGGTTTCTGRGA

ACAGATGG). We performed template amplification in a 50 µl reac-

tion mix containing 100 ng of DNA in PCR buffer (Tris‐HCL

20mMpH 8.3, KCl 20mM, (NH4)2SO4 10mM, and MgSO4 2mM),

1 µM of each primer, 200 µM of each dNTP, and 2.5U of EasyTaq

DNA Polymerase (AP111‐01, Transgenbiotech), using the following

conditions: denaturation at 95°C for 5min followed by 40 cycles of

94°C for 1min, 61°C for 1min and 72°C for 1min 30 s, and then a

final elongation at 72°C for 3min. Positive amplicons were purified

with the ADN PuriPrep‐GP Kit (K1206‐100 Inbio HighWay®) and

then Sanger sequenced using the original primers through sequencing

services (Macrogen Inc).

2.4 | Sequence analysis

The E6/E7 HPV16 sequences were read and analyzed using Co-

donCode aligner software v.3.0.1 (CodonCode Corporation). The

readable sequences were unequivocally aligned and the positions of

the SNPs were identified according to the Reference genome

K02718 available at Papillomavirus episteme.18 To identify a novel

variant, BLAST programs were used.19 The sequence data were used

to estimate gene diversities with MEGA 6.20 In addition, the coding

regions were translated into amino acid sequences. To designate

each variant, the following nomenclature was employed: the name of

the gene and the nucleotide position (number) followed by the
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current change, for example, E6 350G. For an amino acid change, the

letter preceding the number refers to the reference amino acid and

the letter after it refers to its substitution.

2.5 | Phylogenetic analysis

The phylogenetic analysis of E6 and E7 gene sequences was con-

ducted using the Bayesian method implemented in BEAST v1.7.2.21

The priors were as follows: HKY; a relaxed (uncorrelated lognormal)

molecular clock; a constant demographic growth22; and a substitution

rate of 2.39 × 10−8 s/s/y (substitutions per site per year).23 The

Monte Carlo Markov Chain was run for 10 million generations,

sampling every 1000th generation to achieve an Effective Sample

Size (ESS) > 200. All BEAST run logs were analyzed with the TRACER

program v1.5.24 A maximum clade credibility tree was constructed

with the Tree Annotator tool21 after discarding 2% of the sampling.

The tree was then visualized with FigTree v1.4.0 software.25

2.6 | GenBank accession number

The sequences described in this study were deposited in GenBank

under the following accession numbers: MN053339–MN053388;

MN160917–MN061890.

2.7 | Statistical analysis

Ordinal logistic regression adjusted by age was used to estimate OR

and 95% confidence intervals (CIs) of an association between genetic

variants in the E6 and E7 genes and the risk for CC. This estimate has

the advantage of producing a unified OR value, taking under con-

sideration the three progressive stages of Pap cytology (namely,

progressive model: NILM→LSIL→HSIL+), but also generates sepa-

rate ORs for each individual state (cut H‐SIL+/NILM and cut LSIL/

NILM). The denotation “H‐SIL+” was used to refer to H‐SIL+CC cases

clustered together. H‐SIL was used as a threshold state because it is a

landmark for treatment in clinical practice. All calculations were made

using Stata 14.0 (Stata Corp LLC). Genetic diversity was estimated by

using DnaSP 5.1.26

3 | RESULTS

3.1 | Study population

A total of 48 samples (30%) could not be successfully amplified or

sequenced and, thus, were excluded from the study. These failures

were most likely attributable to low‐quality DNA obtained from

paraffin‐embedded biopsies (n = 11) or for being old cytological

samples collected more than a decade ago (2005–2006; n = 37).

Subsequently, 112 samples that represented 29 NILM, 48 L‐SIL, and

35 H‐SIL+ individuals, respectively, were analyzed. The age

distribution for each group was as follows: NILM=mean age 28.6 years

(SD=7.8; range 19–52; median 27); L‐SIL =mean age 31 years (SD=9.9;

range 18–54; median 29); H‐SIL+ =mean age 36.6 years (SD=11.7;

range 18–61; median 33); and total population =mean age 31.5 years

(SD=10.7; range 18‐61; median 29). The age distribution was statistically

significant across study groups (p=0.005), and therefore the association

analysis was adjusted by age.

3.2 | Genetic characterization of E6 and E7
oncogenes

The sequence data for the E6 and E7 genes are shown in Table 1.

Eleven different sequences for E6 were identified, with only six of

them having non‐synonymous changes, which occurred at amino

acids L83V, R10G, D25N, D25H, and F69L. The most common var-

iant was E6 350G or L83V (58.9%, 66/112), which was found alone

(54.4%) or in combination with the amino acid signature for Lineage

D (Q14H, F78Y, and L83V) (4.5%). The E7 gene was less variable,

exhibiting five different sequences but only two non‐synonymous

variants, H51N (4.2%) and G88R (1.0%), both being previously re-

ported. Using these data, the genetic diversity for E7 was estimated

to be lower than that for E6.

3.3 | Phylogenetic analysis

The phylogeny for E6 and E7 concatenated DNA for 82 sequences is

shown in Figure 1. The tree topology revealed that the Misiones

samples belonged to three main branches. These included lineage A

E6 350G (54.4%) and E6 350T (41.1%), and lineage D (4.5%). E6

350G SNP as a recurrent mutation, having occurred in parallel in

these different lineages.

3.4 | Distribution of HPV variants according to the
lesion grade

Table 2 shows the frequency of E6 350G variants according to the

Pap cytology examination and the association analysis. The OR value

for the progressive model showed a positive trend with an OR of

1.74 (0.84–3.64) and a significant association with the H‐SIL+ stage

with an OR of 19.41 (4.95–76.10). Due to their low frequencies

(<5%), other SNPs were not analyzed.

4 | DISCUSSION

This is the first study to address the genetic variation of E6 and E7 in

Misiones, Argentina. Both genes are involved in the transformation

process through the interaction with p53 and pRb human proteins,

respectively.27 Thus, their genetic variation has been of upmost
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interest as a molecular marker of cancer progression.8,14,18,28 E6

350G variant was found in 44% of controls and 65.7% of cervical

lesion cases. The latter value falls into the range described in other

local studies from the urban population of the city of Córdoba (67%),

indigenous Guarani populations from Misiones (50%), and Quechua

descendants from Jujuy (>60%).29–31 Yet, none of these studies ad-

dressed the strength of the association between this viral marker and

CC in the Argentinean population.

In this study, ordinal logistic regression was used to make this as-

sessment. The results showed an OR value of 1.74 (0.84–3.64) for the

general progressive model, thus establishing a positive trend in the as-

sociation between the E6 350G variant and cervical lesions. Interest-

ingly, the association for H‐SIL cases was significant at an OR of 19.41

(4.95–76.10). This OR is higher than that described by Cornet et al.11 for

Argentina (OR = 5.81; 95% CI = 1.64–21.12) and Central and South

America (OR = 4.69; 95% CI = 2.07–10.66),11 adding supporting evi-

dence for the role of 350G in the development of CC in Latin America.

However, this association is not supported in populations from

Europe and Central Asia (OR = 0.42; 95% CI = 0.27–0.64).11 The

reason that there is no linkage between the E6 350G SNP and dis-

ease risk in European and Asian populations remains unclear, but has

been discussed elsewhere.11 For example, early studies showed that

this SNP was not frequent in populations from Africa and Southeast

Asia.9,14 Therefore, the described associations are likely population

dependent,11 meaning any extrapolation of our results to other po-

pulations or locations should be taken with caution.

TABLE 1 Genetic characterization of E6 and E7 genes in cervical samples from Misiones

E6
1 1 1 1 2 2 2 3 3 3 4 5

0 3 4 7 1 8 8 1 3 5 0 3

9 1 5 6 7 6 9 0 5 0 3 2 Pap cytology
Ref T A G G G T A T C T A A Protein NILM LSIL HSIL+ Total

Seq_01 . . . . . . . . . . . . Prototype 15 16 11 42

Seq_02 . . . . . . . . . G . . L83V 13 28 16 57

Seq_03 . . . . . . . . . . G . Prototype 0 0 1 1

Seq_04 C . . . . . . . . G . . L83V 0 1 1 2

Seq_05 . . . . A . . . . G . . L83V 0 1 0 1

Seq_06 . . . A . . . . . . . . D25N 0 1 0 1

Seq_07 . G . . . . . . . . . . R10G 0 1 0 1

Seq_08 . . . . . . . G . . . . F69L 1 0 0 1

Seq_09 . . . C . . . . . G . . D25H L83V 0 1 0 1

Seq_10 . . T . . A G . T G . . Q14H F78Y L83V 0 0 1 1

Seq_11 . . T . . A G . T G . G Q14H F78Y L83V 0 0 4 4

Total 29 49 34 112

E7
6 6 6 6 7 7 7 7 8

0 2 4 5 1 3 8 9 2

3 7 2 8 2 2 9 5 3 Pap cytology
Ref T C A G C T T T G Protein NILM LSIL HSIL+ Total

Seq_1 . . . . . . . . . Prototype 22 34 28 84

Seq_2 . . . C . . . . . Prototype 1 0 0 1

Seq_3 . . . . . . . . C H51N 2 0 2 4

Seq_4 . . . . A . ? ? ? G88R 0 1 0 1

Seq_5 . . . . . C C G . Prototype 0 0 3 3

Total 25 35 33 93

Note: The prototype sequence is indicated as reference (NC‐001526). The nucleotide positions for SNPs are at the top of the table. For amino acids, we
use the one‐letter code (D = Aspartic acid; F = Phenylalanine; G = Glycine; H =Histidine; L = Leucine; N = Asparagine; Q = Glutamine; R = Arginine;
V = Valine; Y = Tyrosine). The position of amino acid change is stated numerically. The letter preceding this number refers to the reference amino acid and
the letter after refers to its substitution.
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F IGURE 1 Evolutionary relationships of HPV16 isolates from Misiones. The evolutionary history of E6 and E7 concatenated genes. This
cladogram was inferred using Bayesian inference. The samples from Misiones have an “NEA” prefix in their label. The recurring nature of the
mutation E6 350G along different branches of the HPV16 evolution (homoplasy) is shown at the nodes of the tree
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From an evolutionary point of view, the E6 350G SNP has arisen

independently along different HPV16 lineages. In this study, we

found the 350G SNP in both Lineage A and D samples, consistent

with previous reports.8 Interestingly, in vitro studies have shown that

keratinocytes infected with E6 350G presented a higher capacity for

cell transformation compared to E6 350T, irrespective of their evo-

lutionary origin.12 In this data set, the risk of E6 350G adjusted by

lineage was significant at an OR of 22.72 (5.62–91.75), supporting

the clinical importance of this SNP along different branches of

HPV16 evolution.

Finally, other non‐synonymous SNPs were identified in the E6

(R10G, D25N, D25H, and F69L) and E7 (H51N and G88R) genes,

although they occur at low frequencies (<5%). As a result, the epi-

demiological implications of these mutations remain unclear. In vitro

studies have found that D25E variant downregulated E‐cadherin to

facilitate an epithelial‐to‐mesenchymal transition.14 Other studies

have reported that the R10G variant is relatively frequent in oral

tonsillar squamous cell carcinoma compared to CC (19% and 4%,

respectively), raising questions about tissue tumor induction and

development by HPV in other types of cancers.32

Finally, the low sequence diversity of the E7 compared to E6

gene was confirm. The E7 gene function is critical for earlier phases

of the viral life cycle, particularly for genome amplification and re-

plication.15 Taking into consideration the small size of this protein,

the sequence might represent the optimal solution for its function,

leading to evolutionary constraints on its sequence diversification.16

Similarly, previous studies have suggested that the conservation of

E7 is important for carcinogenesis.17

5 | CONCLUSION

Genetic diversity of HPV16 genes E6 and E7 was assessed in women

from northwestern Argentina. Results confirmed the association of

E6 350G SNP with a higher risk of developing high‐grade cervical

lesions. These data will contribute to understanding the biological

bases of CC incidence in this region, and will be useful for elucidating

the distribution of HPV16 variants and their risk associations around

the world.
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OR, odds ratio; SNP, single‐nucleotide polymorphism.
aOrdinal logistic regression adjusted by age.
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cGeneral for the progression NILM‐LSIL‐HISL+.
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