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Abstract
Background  High-risk human papillomaviruses (HPVs) are responsible for the development of cervical and other 
anogenital cancers. Intratype sequence variants of certain high-risk HPV types (e.g. 16, 18 and 31) are thought to 
have different oncogenic potential, partly due to nucleotide sequence variation in the viral long control region 
(LCR). The LCR has an important role in the regulation of viral replication and transcription. The purpose of this study 
was to explore sequence variation in the LCR of HPV 33 intratype variants in Hungary and to see whether there are 
differences in the transcriptional activities of the variants.

Methods  The complete HPV 33 LCR was amplified from HPV 33 positive cervical samples. After sequencing the 
LCR variants, multiple sequence alignment and phylogenetic analyses were carried out. Representative HPV 33 
LCR sequence variants were selected for cloning and functional analysis. After transient transfection of HeLa cells, 
luciferase reporter assays were used to analyse the transcriptional activities of different LCR variants.

Results  Altogether 10 different variants were identified by sequence analysis of the HPV 33 LCR. The results of 
phylogenetic analysis showed that 3 variants belonged to sublineage A1, while the other 7 variants clustered with 
sublineage A2. Variants belonging to sublineage A2 had significantly lower transcriptional activities than variants 
belonging to sublineage A1. Within sublineage A2, the two variants analysed had significantly different transcriptional 
activities, which was shown to be caused by the A7879G variation.

Conclusions  Nucleotide variation in the HPV 33 LCR can result in altered transcriptional activity of the intratype 
variants. Our results can help to understand the correlation between LCR polymorphism and the oncogenic potential 
of HPV 33 variants.
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Background
High-risk human papillomaviruses (HPV), included in 
the Alphapapillomavirus genus of the Papillomaviridae 
family, are responsible for the development of cervical 
cancer and some other anogenital or head and neck can-
cers [1, 2]. Within the Alphapapillomavirus genus, the 
types most frequently causing cervical cancer are HPV 
16, 18, 31, 33, 45, 52 and 58 [3, 4]. These high-risk HPV 
types are also included in the nonavalent prophylactic 
HPV vaccine, along with the low-risk types HPV 6 and 
11 [5].

The HPV genome is composed of three functional 
regions [6]. The early region encodes proteins (E1, E2, 
E4, E5, E6 and E7) that are mainly involved in the replica-
tion and transcription of the viral genome. In high-risk 
HPV types, the E6 and E7 proteins are called oncopro-
teins, because they are also involved in the transforma-
tion of host cells [6]. The late region contains the genes 
encoding the L1 and L2 capsid proteins. The long con-
trol region (LCR) contains regulatory elements that are 
involved in the replication of the viral genome and also in 
the transcription of the viral genes, including the E6 and 
E7 oncogenes [7].

Different HPV types have at least 10% difference in 
the nucleotide sequence of the L1 gene [8]. Within HPV 
types, isolates with less than 10% sequence divergence 
from each other are called intratype variants [8, 9]. There 
may be significant differences between intratype variants 
in clinical behaviour and also in biological characteristics 
[9–11].

HPV 33, the subject of this study, belongs to the spe-
cies Alpha-9 of the Alphapapillomavirus genus, along 
with other high-risk types (HPV 16, 31, 35, 52, 58 and 
67). HPV 33 DNA can be demonstrated in 4–5% of inva-
sive cervical cancer cases worldwide [3, 4]. Intratype 
sequence variation was also studied in the case of HPV 
33 [12–17]. Phylogenetic analysis of the variants revealed 
the presence of variant lineages A (containing sublin-
eages A1, A2 and A3), B and C [12, 13]. The different lin-
eages and sublineages were found to have characteristic 
geographic distribution [12]. In Europe, only sublineages 
A1 and A2 were demonstrated, while lineages B and C 
were found only in Africa. The rare sublineage A3 was 
exclusively found in Asia/Oceania [12].

The results of clinical studies suggest that there may 
be differences in the clinical behaviour (such as persis-
tence and oncogenic potential) of different HPV 33 vari-
ants [11, 12, 18–23]. In vitro studies targeting different 
genomic regions of the virus revealed differences in the 
functional characteristics of HPV 33 intratype variants 
[24–31]. Some of these biological differences are prob-
ably responsible for the observed differences in the clini-
cal behaviour of HPV 33 variants. Thus, it seems to be 
promising to proceed with the phylogenetic analysis and 

in vitro functional characterization of HPV 33 intratype 
variants.

The purpose of this study was to explore sequence vari-
ation in the LCR of HPV 33 intratype variants in Hungary 
and to see whether there are differences in the transcrip-
tional activities of the variants.

Methods
Sample collection and HPV genotyping
Exfoliated cell specimens were collected from the uter-
ine cervix of women with cytological and/or colposcopi-
cal abnormalities at the Department of Obstetrics and 
Gynaecology, Clinical Center, University of Debre-
cen, between 2008 and 2016. The mean age of women 
included in this study was 40 (25–73) years. Isolation 
of viral DNA and HPV genotyping were performed 
as recently described [32]. Twenty samples from 19 
women found to be positive for HPV 33 were selected for 
sequence analysis of the LCR.

Polymerase chain reaction (PCR)
The complete LCR of HPV 33 (nt 7089 − 126) was ampli-
fied using the primers 33LCR129 (5’-GCGCGGTAC-
CAATAACACTTTGTGTAATTGTG-3’, nt 7089–7110) 
and 33LCR1075 (5’-GCGCAAGCTTCTCAGTGTCTT-
GAAACATAGTC-3’, nt 105–126) containing restriction 
enzyme recognition sites for KpnI and HindIII (under-
lined). PCR reactions were carried out with the Gene-
Amp High Fidelity PCR System (Applied Biosystems, 
Waltham, Massachusetts, USA) as previously described 
[32]. PCR amplimers were purified using Qiaquick Gel 
Extraction Kit (Qiagen, Hilden, Germany). Sequencing of 
purified PCR products was carried out by UD-GenoMed 
Medical Genomic Technologies Ltd. (Debrecen, Hun-
gary) using Big Dye Terminator v3.1 Cycle Sequencing 
Kit (Applied Biosystems) and ABI Prism 3100-Avant 
Genetic Analyzer (Applied Biosystems).

Cloning
Representative HPV 33 LCR sequence variants were 
directionally cloned into the promoterless luciferase 
reporter vector pGL2-Basic carrying the firefly (Photinus 
pyralis) luciferase gene (Promega, Madison, Wisconsin, 
USA), as previously described [32]. Incubation of bacte-
ria after transformation was performed at 25 °C for 48 h 
(instead of 37  °C for 16  h) to reduce the toxicity of the 
HPV 33 LCR sequence on the host bacteria [32].

To prepare constructs containing deletions in the HPV 
33 LCR, the same PCR conditions and cloning meth-
ods were used as described above, except for the primer 
pairs. To prepare the 33LCRD2 constructs, primers 
33LCR547 (5’-GCGCGGTACCTTTCGGTTACTTG-
GCATACATA-3’, nt. 7507–7528) and 33LCR1075 were 
used. To prepare the 33LCRD3 constructs, the primers 
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33LCR846 (5’-GCGCGGTACCTATGCCAAACTAT-
GCCTTGTAA-3’ nt. 7806–7827) and 33LCR1075 were 
used. The templates used in the PCR were the constructs 
containing the full-length HPV 33 LCR sequences. All 
plasmid constructs (containing different regions of differ-
ent HPV 33 LCR variants) were verified by sequencing.

Transient transfection and luciferase assay
Luciferase reporter assays were used for functional analy-
sis of different HPV 33 LCR sequence variants. Lipo-
fectamine 2000 Transfection Reagent (Thermo Fisher 
Scientific, Waltham, Massachussets, USA) was used to 
tranfect HeLa cells (a HPV 18 positive cervix carcinoma 
cell line). Hela cells were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM, low glucose, pyruvate; 
Thermo Fisher Scientific) supplemented with 10% fetal 
calf serum, 2 mM L-glutamine and antibiotics (100 U/
ml penicillin and 100 mg/ml streptomycin). Before trans-
fection, cells were seeded on 6-well plates and allowed 
to grow to approximately 70% confluence. Before trans-
fection, DMEM was changed to Opti-MEM I Reduced 
Serum Medium (Thermo Fisher Scientific). Two µg lucif-
erase reporter plasmid (containing different HPV 33 LCR 
constructs) and 0.05 µg pRL-TK Control Vector (encod-
ing Renilla reniformis luciferase, Promega) were diluted 
in 250 µl Opti-MEM. Lipofectamine 2000 Reagent (6 µl) 
was diluted in 250  µl Opti-MEM, and added to the 
diluted plasmid DNA. After 10 min incubation at room 
temperature, the mix was added to HeLa cells. After 4 h 
incubation at 37  °C, the mix was changed to DMEM. 
Cells were harvested 48 h after transfection by the addi-
tion of 250 ml Passive Lysis Buffer (Promega) and one 
freeze-thaw cycle. The Dual-Luciferase Reporter (DLR) 
Assay System (Promega) was used to measure the lucif-
erase activity of cell extracts. In the DLR assays, both the 
firefly luciferase activity and the Renilla luciferase activity 
of the samples were measured. Renilla luciferase activi-
ties were used to standardise for transfection efficiency. 
All experiments were performed at least three times. 
Data shown are the means and standard errors of at least 
3 independent experiments. The statistical significance of 
the difference between mean values was evaluated using 
the ratio t test (a paired t test performed after logarithmic 
transformation of standardized luciferase values). Statis-
tical significance was accepted at p < 0.05.

Phylogenetic analysis
The DNA Baser software (Heracle Biosoft, Romania) was 
used to assemble the HPV 33 LCR sequences. Multiple 
sequence alignment and construction of phylogenetic 
trees were performed using MEGA6 software using the 
maximum likelihood (ML) method [33]. The percent-
ages of replicate trees in which the associated taxa clus-
tered together in the bootstrap test (500 replicates) are 

shown next to the branches. The sequences of the HPV 
33 LCR variants (nt 7116 − 104) reported in this study 
are deposited in GenBank under the accession numbers 
OQ725002 - OQ725011.

Results
The results of sequence analysis of the HPV 33 LCR 
variants are shown in Table 1. In the 20 HPV 33 
positive samples tested, 22 single-nucleotide poly-
morphisms (SNPs) and a 79 bp long deletion (nt 7596–
7674) were demonstrated compared to the prototype 
sequence. Altogether 10 different variants (designated 
33LCRHU01–33LCRHU10) were identified in this study. 
The A81C nucleotide change was found in all our iso-
lates, but we did not consider it a true SNP, in accordance 
with previous reports [12, 25, 26]. One of our variants 
(33LCRHU01), found in 4 samples, had the same LCR 
sequence as the prototype (M12732), except for the A81C 
nucleotide change.

The 79 bp deletion and 13 of the 22 SNPs were found 
in more than one isolates. All of these sequence altera-
tions have been already described in previous reports 
[13, 16–18, 20, 25]. Nine SNPs were found in single spec-
imens in this study (Table 1). One of them (G7545A) have 
been described previously [20]. The other 8 unique SNPs 
were not reported in previous publications, so they were 
verified by repeated amplification and sequencing of the 
samples carrying them. Four of our unique SNPs were 
C > T or G > A nucleotide changes (G7208A, C7397T, 
C7426T and G7545A), which may be APOBEC3 (apoli-
poprotein B mRNA editing enzyme catalytic polypeptide 
3) signature mutations that have been already described 
for other HPV types [34, 35].

For the phylogenetic analysis of HPV 33 variants, a 
maximum likelihood (ML) tree was constructed from 
our LCR sequences and from whole genome HPV 33 
sequences reported in a previous article [13]. As shown 
in Table  1  and Fig.  1,  three of our LCR variants (found 
in 8 samples) clustered in sublineage A1 of HPV 33. 
These variants were very similar to the reference HPV 
33 sequence, which also belongs to sublineage A1 [13]. 
The other 7 variants (found in altogether 12 samples) 
clustered in sublineage A2, along with variants reported 
previously. Compared to the reference HPV 33 LCR 
sequence, variants belonging to sublineage A2 had sev-
eral single-nucleotide changes, and each contained the 
79 bp deletion as previously reported [13, 16–18, 20, 25]. 
In this study, no variants were found that would belong to 
lineage B, which is characteristic for Africa [12].

As the nucleotide changes found in the HPV 33 LCR 
variants may involve transcription factor binding sites, 
we decided to explore if there are differences in the tran-
scriptional activities of the variants. To this end, repre-
sentative variants (that were found in more than one 
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clinical sample) were cloned into a luciferase reporter 
vector and analysed in luciferase assays performed in the 
cervical cancer cell line Hela. Each tested HPV 33 LCR 
variant had relatively high transcriptional activity com-
pared to the empty reporter vector (pGL2-Basic), and 
there were significant differences between the transcrip-
tional activities of the variants (Fig. 2). Variants belong-
ing to sublineage A1 (33LCRHU01 and 33LCRHU03) 
had very similar transcriptional activities, while vari-
ants belonging to sublineage A2 (33LCRHU04 and 
33LCRHU08) had reduced transcriptional activities com-
pared to variants belonging to sublineage A1. In addition, 
the 2 variants belonging to sublineage A2 had different 
transcriptional activities when compared to one another 
(Fig. 2).

The LCR of genital HPV types can be divided into 3 
different functional regions [7]. The 5’ LCR (the region 
between the L1 stop codon and the promoter-distal E2 
binding site) contains the late polyadenylation signal. The 
central region contains the epithelial-specific enhancer, 
while the 3’ LCR contains the origin of replication and 
the promoter of the early genes (Fig.  3A). To explore 
which of these functional regions (and the nucleotide 
changes found in them) may be responsible for the dif-
ferent transcriptional activities of the LCR variants, 
reporter constructs containing different segments of 
some representative HPV 33 LCR variants were tested in 
luciferase assays (Fig. 3B). Our results showed that the 5’ 
LCR did not contribute to the transcriptional activities 
of the different HPV 33 LCR variants, as the transcrip-
tional activities of the 33LCRD2 constructs (lacking the 
5’ LCR) were not lower than that of the corresponding 
full-length constructs. On the other hand, the differences 
found between the different variants in the 33LCRD2 
constructs were very similar to those found in the full 
length LCR constructs. For example, the 33LCRHU08 
variant had significantly reduced transcriptional activity 
compared to the 33LCRHU04 variant when tested using 
the 33LCRD2 constructs (Fig. 3B). The single difference 
between the two constructs was the A7879G nucleotide 
change (Table 1), proving that this particular nucleotide 
change has a significant inhibitory effect on the tran-
scriptional activity of the HPV 33 LCR in Hela cells.

The 33LCRD3 constructs had highly reduced activi-
ties compared to the full length constructs or to the 
33LCRD2 constructs, as they contained only the basic 
promoter but not the central enhancer region (Fig.  3B). 
However, there were still significant differences in the 
transcriptional activities of the different variants also in 
the case of the 33LCRD3 constructs. This suggests that 
the nucleotide changes found in the 3’ LCR region (that 
is contained in the 33LCRD3 constructs) also contrib-
ute to the differences in the transcriptional activities of 
the tested HPV 33 LCR variants. Also in the case of the Ta
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Fig. 1  Phylogenetic tree constructed from Hungarian HPV 33 LCR sequences reported in the current study and from overlapping HPV 33 LCR sequences 
(Chen et al., 2011) from the GenBank database. The bootstrap consensus tree shown was constructed using the maximum likelihood (ML) method. The 
Hungarian isolates are indicated by black circles. Reference intratype variant isolates are indicated by arrows. Only one isolate is included from each Hun-
garian variant. Bootstrap values equal to or higher than 57% are shown next to the branches
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33LCRD3 constructs, the transcriptional activity of the 
33LCRHU08 variant was significantly reduced compared 
to that of the 33LCRHU04 variant. The single difference 
between the 2 constructs was again the A7879G variation 
(Table 1), showing that this nucleotide change is respon-
sible for the different transcriptional activities of the 2 
variants belonging to sublineage A2.

Discussion
Intratype variants belonging to different HPV 33 (sub)
lineages were reported to have differences in clinical 
behaviour. Specifically, sublineage A1 was found to have 
higher oncogenic potential than sublineage A2 or lineage 
B [12, 21–23]. Differences in the clinical behaviour might 
be explained by differences in some biological activi-
ties of HPV 33 variants that can be explored by in silico 
or in vitro functional studies. For example, amino acid 
changes in the E6 and E7 proteins of HPV 33 variants 
were reported to modify T-cell epitopes, which might 
have an effect on the cellular immune response against 

the E6/E7 protein variants [31]. Furthermore, differences 
were found between different HPV 33 E6 variants in 
the ability to induce the degradation of cellular p53 and 
MAGI-3 proteins [24]. However, functional differences 
between intratype variants might be also caused by dif-
ferences in the expression level of the viral oncogenes. As 
the expression of the E6/E7 oncogenes of high-risk HPVs 
is governed by the LCR, intratype variants with different 
transcriptional activities of the LCR might have also dif-
ferent oncogenic potential.

In the case of HPV 16, which is the most prevalent and 
most studied genotype, relatively good correlation was 
found between the transcriptional activity of the LCR 
and the oncogenic potential of the variants [36–39]. The 
intratype variants were found to have different transcrip-
tional activities also in other high-risk genotypes, such as 
HPV 18, 31, 33 and 58 [25, 26, 40–45]. As far as HPV 33 
is concerned, LCR variants belonging to the sublineage 
A1 were reported to have higher transcriptional activities 

Fig. 2  Transcriptional activity of HPV 33 LCR variants in HeLa cells. Cells were co-transfected with luciferase reporter plasmids containing full-length HPV 
33 LCR sequence variants and pRL-TK Control Vector. Luciferase activities are shown relative to the activity of cells transfected with pGL2-Basic vector. 
Data are from four independent experiments, with standard errors shown as error bars. Stars indicate the significance of difference in transcriptional 
activity compared to 33LCRHU01 transfected cells according to ratio t-test (*p < 0.05, ***p < 0.001). The variant lineages comprising the tested variants 
are indicated under the bars
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Fig. 3  Transcriptional activity of HPV 33 LCR deletion constructs representing different intratype lineages. A: Schematic representation of the different 
LCR fragments of variants cloned in front of the luciferase gene in the reporter vector pGL2-Basic. B: Relative luciferase activities of HeLa cells transiently 
transfected with HPV 33 LCR deletion constructs. Luciferase activities are shown relative to the activity of cells transfected with 33LCRHU01 full-length 
HPV 33 LCR vector construct. Data are from four independent experiments, with standard errors shown as error bars. Statistical analysis was performed 
using ratio t test. Stars indicate the significance of difference in transcriptional activity compared to 33LCRHU01 or 33LCRHU04 transfected cells within 
each group of bars as indicated (*p < 0.05, **p < = 0.005, ***p < 0.001)
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than those belonging to sublineage A2 or lineage B in pri-
mary human keratinocytes [25].

The goal of the present study was to characterise HPV 
33 LCR variants that can be isolated in Hungary, and to 
see if there are differences in the transcriptional activi-
ties of the variants. The results of phylogenetic analy-
sis showed that, out of the 20 HPV 33 positive samples 
analysed in this study, 8 samples (representing 3 differ-
ent variants) belonged to sublineage A1. Twelve samples 
(representing 7 different variants) were found to belong 
to sublineage A2. We did not have any isolates belonging 
to the (sub)lineages A3, B or C which are not characteris-
tic in Europe [12].

The 79  bp deletion, which was found in each iso-
late belonging to sublineage A2 in this study, has been 
already described in previous papers [13, 16–18, 20]. 
In fact, this deletion is rather a lack of duplication of a 
79 bp sequence. This duplication is characteristic for the 
variants belonging to sublineage A1, but is not found in 
other sublineages. However, as the sequence differences 
in HPV variants are officially compared to the prototype 
sequence (belonging to sublineage A1 by definition), this 
particular sequence change is described as a deletion also 
in this paper.

In addition to the 79  bp deletion, most of the SNPs 
found in HPV 33 LCR in our samples have been previ-
ously described [13, 16–18, 20]. Eight SNPs found in this 
study in single specimens have not yet been reported. 
These novel SNPs are most probably real nucleotide 
changes in the samples as they were validated by repeated 
amplification and sequencing. Four of our unique SNPs 
were C > T or G > A nucleotide changes. These mutations 
could have been induced by the cellular cytidine deami-
nase enzyme APOBEC3 as described previously for HPV 
types 1 and 16 [34, 35].

The transcriptional activities of some representative 
HPV 33 LCR variants were tested in luciferase reporter 
assays performed after transient transfection of HeLa 
cells. Our results obtained with the full-length reporter 
constructs showed that variants belonging to sublineage 
A1 tended to have higher transcriptional activities than 
those belonging to sublineage A2. Since sublineage A1 
was found to have higher oncogenic potential than sub-
lineage A2 [12, 21–23], it is tempting to speculate that 
this difference in oncogenicity might be at least partially 
caused by the differences in the transcriptional activities 
of the variants. Our results also showed that there may 
be differences in the transcriptional activities of vari-
ants belonging to the same sublineage. Specifically, the 
33LCRHU08 variant had significantly reduced transcrip-
tional activity when compared to the 33LCRHU04 vari-
ant, although both variants belonged to sublineage A2.

In an effort to localise the regions of the HPV 33 
LCR that are responsible for the differences in the 

transcriptional activities of the variants, deletion con-
structs were prepared from 3 representative variants and 
tested in luciferase reporter assays. Our results showed 
that the 5’ LCR (the region between the L1 stop codon 
and the promoter-distal E2 binding site) had no signifi-
cant enhancer activity, and the nucleotide changes found 
here are probably not responsible for the different tran-
scriptional activities of the variants. It should be noted 
that this segment of HPV 33 LCR was recently reported 
to contain an ORF (open reading frame) potentially 
encoding a 116-amino acid protein [32].

It is not easy to identify precisely the nucleotide 
changes that are responsible for the different transcrip-
tional activities of the variants belonging to the different 
sublineages (such as 33LCRHU01 belonging to A1 and 
33LCRHU04 belonging to A2). It is probable that the 
changes found in the central enhancer region of the LCR 
(such as the 79-bp deletion and the nucleotide changes 
C7537A and C7732G) are at least partially responsible 
for the functional differences as suggested by Alvarez and 
co-workers [25]. On the other hand, our results obtained 
with the D3 deletion constructs suggest that the nucleo-
tide changes found in the 3’ LCR segment (such as C6G 
and G18A) also contribute to the differences in the tran-
scriptional activities of lineage A1 and A2 variants.

The genetic change that is responsible for the different 
transcriptional activities of the two variants belonging to 
sublineage A2 (33LCRHU04 and 33LCRHU08) could be 
easily identified. Our results obtained with the D2 and 
D3 deletion constructs clearly showed that this differ-
ence is caused by the A7879G variation. This finding is 
in accordance with the results of Alvarez and co-workers 
showing the repressive effect of the A7879G change on 
the activity of the HPV 33 early promoter in Hela cells 
[25].

A limitation of this study was that we could not per-
form a phylogenetic and functional analysis of HPV 33 
variants belonging to (sub)lineages that are not present 
in Europe. On the other hand, due to the small number 
of samples we could not analyse the clinical behaviour of 
the variants. Therefore, further clinical and experimental 
studies are warranted to prove the correlation between 
intratype variation and the oncogenic potential of HPV 
33.

Conclusions
The reporter assays performed in this study showed that 
the HPV 33 LCR variants belonging to sublineage A2 
have reduced transcriptional activities compared to those 
belonging to sublineage A1. This finding is in accordance 
with clinical data showing that sublineage A1 has higher 
oncogenic potential than sublineage A2. Our results also 
showed that variants belonging to the same sublineage 
may have significantly different transcriptional activities. 
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The different transcriptional activities of the 2 vari-
ants belonging to sublineage A2 was shown here to be 
caused by a nucleotide variation in the 3’ LCR segment 
(A7879G). Our results can help to understand the cor-
relation between LCR polymorphism and the oncogenic 
potential of HPV 33 variants.

Authors’ contributions
The study was conceived and designed by G.V. The experiments were 
performed by E.G., A.S. and G.V. Data analysis was performed by J.K., B.L. and 
G.V. The first draft of the manuscript was written by E.G. and G.V. All authors 
read and approved the final manuscript.

Funding
This study was supported by grants from the Faculty of Medicine, University 
of Debrecen.
Open access funding provided by University of Debrecen.

Data Availability
All datasets analysed in this study are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval for this study was obtained from the Regional Research Ethics 
Committee, University of Debrecen, Clinical Center. As this was a retrospective 
study, consent to participate was not necessary according to the Ethics 
Committee.

Consent for publication
All authors read and approved the final manuscript.

Competing interests
The authors hereby declare that they have no competing interests.

Received: 4 May 2023 / Accepted: 3 July 2023

References
1.	 Schiffman M, Doorbar J, Wentzensen N, de Sanjose S, Fakhry C, Monk BJ, 

Stanley MA, Franceschi S. Carcinogenic human papillomavirus infection. Nat 
Rev Dis Primers. 2016;2:16086.

2.	 McBride AA. Human papillomaviruses: diversity, infection and host interac-
tions. Nat Rev Microbiol. 2022;20:95–108.

3.	 Li N, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM. Human papil-
lomavirus type distribution in 30,848 invasive cervical cancers worldwide: 
variation by geographical region, histological type and year of publication. 
Int J Cancer. 2011;128:927–35.

4.	 Guan P, Howell-Jones R, Li N, Bruni L, de Sanjose S, Franceschi S, Clifford GM. 
Human papillomavirus types in 115,789 HPV-positive women: a meta-analy-
sis from cervical infection to cancer. Int J Cancer. 2012;131:2349–59.

5.	 Markowitz LE, Schiller JT. Human papillomavirus vaccines. J Infect Dis. 
2021;224:367–S378.

6.	 Gheit T. Mucosal and cutaneous human papillomavirus infections and Cancer 
Biology. Front Oncol. 2019;9:355.

7.	 Bernard HU. Regulatory elements in the viral genome. Virology. 
2013;445:197–204.

8.	 Bernard HU. Taxonomy and phylogeny of papillomaviruses: an overview and 
recent developments. Infect Genet Evol. 2013;18:357–61.

9.	 Burk RD, Harari A, Chen Z. Human papillomavirus genome variants. Virology. 
2013;445:232–43.

10.	 Munoz-Bello JO, Carrillo-Garcia A, Lizano M. Epidemiology and Molecular 
Biology of HPV Variants in Cervical Cancer: the state of the art in Mexico. Int J 
Mol Sci 2022, 23.

11.	 Schiffman M, Rodriguez AC, Chen Z, Wacholder S, Herrero R, Hildesheim A, 
Desalle R, Befano B, Yu K, Safaeian M, et al. A population-based prospective 
study of carcinogenic human papillomavirus variant lineages, viral persis-
tence, and cervical neoplasia. Cancer Res. 2010;70:3159–69.

12.	 Chen AA, Heideman DA, Boon D, Chen Z, Burk RD, De Vuyst H, Gheit T, Sni-
jders PJ, Tommasino M, Franceschi S, Clifford GM. Human papillomavirus 33 
worldwide genetic variation and associated risk of cervical cancer. Virology. 
2014;448:356–62.

13.	 Chen Z, Schiffman M, Herrero R, Desalle R, Anastos K, Segondy M, Sahas-
rabuddhe VV, Gravitt PE, Hsing AW, Burk RD. Evolution and taxonomic 
classification of human papillomavirus 16 (HPV16)-related variant genomes: 
HPV31, HPV33, HPV35, HPV52, HPV58 and HPV67. PLoS ONE. 2011;6:e20183.

14.	 Cornut G, Gagnon S, Hankins C, Money D, Pourreaux K, Franco EL, Coutlee F. 
Polymorphism of the capsid L1 gene of human papillomavirus types 31, 33, 
and 35. J Med Virol. 2010;82:1168–78.

15.	 Ntova CK, Kottaridi C, Chranioti A, Spathis A, Kassanos D, Paraskevaidis E, 
Karakitsos P. Genetic variability and phylogeny of high risk HPV type 16, 18, 
31, 33 and 45 L1 gene in greek women. Int J Mol Sci. 2012;13:1–17.

16.	 Raiol T, Wyant PS, de Amorim RM, Cerqueira DM, Milanezi NG, Brigido Mde 
M, Sichero L, Martins CR. Genetic variability and phylogeny of the high-risk 
HPV-31, -33, -35, -52, and – 58 in central Brazil. J Med Virol. 2009;81:685–92.

17.	 Vrtacnik Bokal E, Kocjan BJ, Poljak M, Bogovac Z, Jancar N. Genomic variants 
of human papillomavirus genotypes 16, 18, and 33 in women with cervical 
cancer in Slovenia. J Obstet Gynaecol Res. 2010;36:1204–13.

18.	 Gagnon S, Hankins C, Tremblay C, Forest P, Pourreaux K, Coutlee F. Viral poly-
morphism in human papillomavirus types 33 and 35 and persistent and tran-
sient infection in the genital tract of women. J Infect Dis. 2004;190:1575–85.

19.	 Godinez JM, Heideman DA, Gheit T, Alemany L, Snijders PJ, Tommasino M, 
Meijer CJ, de Sanjose S, Bosch FX, Bravo IG. Differential presence of Papillo-
mavirus variants in cervical cancer: an analysis for HPV33, HPV45 and HPV58. 
Infect Genet Evol. 2013;13:96–104.

20.	 Khouadri S, Villa LL, Gagnon S, Koushik A, Richardson H, Ferreira S, Tellier P, 
Simao J, Matlashewski G, Roger M, et al. Human papillomavirus type 33 poly-
morphisms and high-grade squamous intraepithelial lesions of the uterine 
cervix. J Infect Dis. 2006;194:886–94.

21.	 Xi LF, Schiffman M, Koutsky LA, Hughes JP, Hulbert A, Shen Z, Galloway DA, 
Kiviat NB. Variant-specific persistence of infections with human papillomavi-
rus types 31, 33, 45, 56 and 58 and risk of cervical intraepithelial neoplasia. Int 
J Cancer. 2016;139:1098–105.

22.	 Xi LF, Schiffman M, Koutsky LA, Hughes JP, Winer RL, Mao C, Hulbert A, Lee 
SK, Shen Z, Kiviat NB. Lineages of oncogenic human papillomavirus types 
other than type 16 and 18 and risk for cervical intraepithelial neoplasia. J Natl 
Cancer Inst 2014, 106.

23.	 Xin CY, Matsumoto K, Yoshikawa H, Yasugi T, Onda T, Nakagawa S, Yamada M, 
Nozawa S, Sekiya S, Hirai Y, et al. Analysis of E6 variants of human papillo-
mavirus type 33, 52 and 58 in japanese women with cervical intraepithelial 
neoplasia/cervical cancer in relation to their oncogenic potential. Cancer 
Lett. 2001;170:19–24.

24.	 Ainsworth J, Thomas M, Banks L, Coutlee F, Matlashewski G. Comparison of 
p53 and the PDZ domain containing protein MAGI-3 regulation by the E6 
protein from high-risk human papillomaviruses. Virol J. 2008;5:67.

25.	 Alvarez J, Gagnon D, Coutlee F, Archambault J. Naturally occurring variations 
modulate the activity of the HPV33 early promoter and its Affinity for the E2 
transcription factor. Sci Rep. 2018;8:15015.

26.	 Alvarez J, Gagnon D, Coutlee F, Archambault J. Characterization of an HPV33 
natural variant with enhanced transcriptional activity suggests a role for C/
EBPbeta in the regulation of the viral early promoter. Sci Rep. 2019;9:5113.

27.	 Chen Z, Jing Y, Wen Q, Ding X, Wang T, Mu X, Chenzhang Y, Cao M. E6 and E7 
gene polymorphisms in human papillomavirus Types-58 and 33 identified in 
Southwest China. PLoS ONE. 2017;12:e0171140.

28.	 Chen Z, Jing Y, Wen Q, Ding X, Zhang S, Wang T, Zhang Y, Zhang J. L1 and L2 
gene polymorphisms in HPV-58 and HPV-33: implications for vaccine design 
and diagnosis. Virol J. 2016;13:167.

29.	 Godi A, Bissett SL, Miller E, Beddows S. Impact of naturally occurring variation 
in the human papillomavirus (HPV) 33 capsid proteins on recognition by 
vaccine-induced cross-neutralizing antibodies. J Gen Virol. 2017;98:1755–61.

30.	 Godi A, Boampong D, Elegunde B, Panwar K, Fleury M, Li S, Zhao Q, Xia N, 
Christensen ND, Beddows S. Comprehensive Assessment of the antigenic 
impact of human papillomavirus lineage variation on Recognition by neutral-
izing monoclonal antibodies raised against Lineage A Major Capsid Proteins 
of Vaccine-Related genotypes. J Virol 2020, 94.



Page 10 of 10Gyöngyösi et al. Virology Journal          (2023) 20:152 

31.	 He J, Yang Y, Chen Z, Liu Y, Bao S, Zhao Y, Ding X. Identification of variants and 
therapeutic epitopes in HPV-33/HPV-58 E6 and E7 in Southwest China. Virol J. 
2019;16:72.

32.	 Gyöngyösi E, Szalmás A, Kónya J, Veress G. Orientation-dependent toxic effect 
of human papillomavirus type 33 long control region DNA in Escherichia coli 
cells. Virus Genes. 2020;56:298–305.

33.	 Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: Molecular Evolu-
tionary Genetics Analysis version 6.0. Mol Biol Evol. 2013;30:2725–9.

34.	 Vartanian JP, Guetard D, Henry M, Wain-Hobson S. Evidence for editing 
of human papillomavirus DNA by APOBEC3 in benign and precancerous 
lesions. Science. 2008;320:230–3.

35.	 Warren CJ, Santiago ML, Pyeon D. APOBEC3: friend or foe in human papil-
lomavirus infection and oncogenesis? Annu Rev Virol. 2022;9:375–95.

36.	 Kammer C, Warthorst U, Torrez-Martinez N, Wheeler CM, Pfister H. Sequence 
analysis of the long control region of human papillomavirus type 16 vari-
ants and functional consequences for P97 promoter activity. J Gen Virol. 
2000;81:1975–81.

37.	 Lace MJ, Isacson C, Anson JR, Lorincz AT, Wilczynski SP, Haugen TH, Turek LP. 
Upstream regulatory region alterations found in human papillomavirus type 
16 (HPV-16) isolates from cervical carcinomas increase transcription, ori func-
tion, and HPV immortalization capacity in culture. J Virol. 2009;83:7457–66.

38.	 Pientong C, Wongwarissara P, Ekalaksananan T, Swangphon P, Kleebkaow 
P, Kongyingyoes B, Siriaunkgul S, Tungsinmunkong K, Suthipintawong C. 
Association of human papillomavirus type 16 long control region mutation 
and cervical cancer. Virol J. 2013;10:30.

39.	 Veress G, Szarka K, Dong XP, Gergely L, Pfister H. Functional significance of 
sequence variation in the E2 gene and the long control region of human 
papillomavirus type 16. J Gen Virol. 1999;80(Pt 4):1035–43.

40.	 Ferenczi A, Gyöngyösi E, Szalmás A, Hernádi Z, Tóth Z, Kónya J, Veress G. 
Sequence variation of human papillomavirus type 31 long control region: 
phylogenetic and functional implications. J Med Virol. 2013;85:852–9.

41.	 Lopez-Saavedra A, Gonzalez-Maya L, Ponce-de-Leon S, Garcia-Carranca A, 
Mohar A, Lizano M. Functional implication of sequence variation in the long 
control region and E2 gene among human papillomavirus type 18 variants. 
Arch Virol. 2009;154:747–54.

42.	 Raiol T, de Amorim RM, Galante P, Martins CR, Villa LL, Sichero L. HPV-58 
molecular variants exhibit different transcriptional activity. Intervirology. 
2011;54:146–50.

43.	 Silva RCO, Lima RCP, Cordeiro MN, Dos Santos DL, Pena LJ, Gurgel A, Batista 
MVA, Chagas BS, Freitas AC. Functional evaluation of human papillomavirus 
type 31 long control region variants. Genomics. 2020;112:5066–71.

44.	 Sichero L, Franco EL, Villa LL. Different P105 promoter activities among natu-
ral variants of human papillomavirus type 18. J Infect Dis. 2005;191:739–42.

45.	 Munsamy Y, Seedat RY, Sekee TR, Bester PA, Burt FJ. Complete genome 
sequence of a HPV31 isolate from laryngeal squamous cell carcinoma 
and biological consequences for p97 promoter activity. PLoS ONE. 
2021;16:e0252524.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Transcriptional activity of the long control region in human papillomavirus type 33 intratype variants
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Sample collection and HPV genotyping
	﻿Polymerase chain reaction (PCR)
	﻿Cloning
	﻿Transient transfection and luciferase assay
	﻿Phylogenetic analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


