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Abstract

Kazakhstani researchers reported a significant prevalence of highly
carcinogenic human papillomavirus types in the country.

The article aimed to present HPV L1 gene sequencing developments
in women affected with cervical cancer throughout the western part
of Kazakhstan with provided findings on the geographic pathways of
obtained isolates.

Methods. The HPV L1 gene was amplified using the consensus
primers MYO9HPV 5-CCGTCCMARRGCAWACTGCATC-3" and MYTIHPV 5 -
GCMCAGGGCGWCATAAYAATGG-3'. The purified DNA was used as the target
for direct nucleotide sequencing. Phylogenetic analyses were conducted
using the MegAlign program from the LASERGCENE software package
(version 6.0; DNA star, Madison, WI) and MEGA version 5.0 software. A
multiple alignment was created through Clustal W software, and the
neighbor-joining method was used to construct the phylogenetic tree.

Results. Of 70 HPV samples transported to the Astana shared
laboratory for gene L1 sequencing, only ten appeared fit to obtain isolates
(14.3%). The viral load of the samples ranged from 3.3 to 8.2, and the range
of DNA concentration was from 8.16 to 69.6 ng/uL. Not yet registered in the
world genebank, a unique HPV16 Kazakhstani isolate with its own branch
was revealed in Aktobe. An isolate of potentially carcinogenic HPV53
forming a remote cluster with KF436822/1, KU951264.1 — Southwest China,
and 97% identity with EU056643.1 — Ireland, and acted as a single agent for
invasive cervical cancer was identified.

In general, the sequencing findings indicate the variety of ways for
HPV pervasion into the western region of Kazakhstan: North and South
America, Europe, and Asia.

The study was recorded in the ISRCTN registry, No. 7154910, 02/01/2018.

Keywords: Human papillomavirus, gene sequencing, isolates, gene L1,
cervical cancer, western Kazakhstan.

Introduction

constitute a large, diverse family of about 200 fully

Cervical cancer remains a substantial health problem
for women globally, requiring more effective prevention
and control strategies. Despite plenty of various screening
modalities, the incidence of cervical cancer in the world
has demonstrated an increase of 68.5% since 1990 [1].
Human papillomaviruses (HPVs) are a causative factor
for cervical cancer onset, as high-risk HPV DNA presents
in 99.7% of cervical cancer specimens [2, 3]. HPVs

characterized types. In total, four groups are currently
classified, including group 1, containing types of highly
carcinogenic risk (HR-HPV); probably carcinogenic,
such as type 68 (group 2a); possibly carcinogenic, such as
26, 53, 66, 67, 70, 73 and 82 types, considered potential
carcinogens, with an arguable and still not thoroughly
defined role in carcinogenesis (group 2b); not classified
(group 3); and, possibly not carcinogenic types (group 4)
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[4]. A growing number of proofs of HPV's continuous evolution
resulted in clear molecular-biological evidence of the uniquely
high carcinogenicity of types currently classified as probably /
possibly carcinogenic [5, 6].

Some sources mentioned particular areas of Asia as
countries with the lowest cervical cancer rates [ 7], but subsequent
studies have proven this is not true. The first Kazakh researcher to
study the HPV prevalence was M. Buleshov (2011). Buleshov et
al. found that out of 17,000 women tested in South Kazakhstan,
1,870 were HPV-positive (11%). Their findings were then
widely cited in international HPV bulletins [8-10]. However,
more recent authors reported higher rates of HPV infection in
various regions of the country, within 25% [11] and even higher.
Among Kazakhstani women attending the gynecologic clinics,
high-risk HPV was found in 39%, and 13% were infected with
multiple HR-HPV types [12]. All homeland researchers report
the predominance of the most carcinogenic HPV type 16 in the
swabs of Kazakhstani women [11-14]. In the five Central Asian
countries that were formerly part of the Soviet Union (Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan), cervical
cancer incidence and mortality rates are far higher than those in
most Western and high-income nations and are increasing [15].
Experts from the International Agency for Research on Cancer
(IARC) Information Centre on HPV reported the prevalence of
HPV16 and/or HPV 18 among Kazakhstani women with normal
cytology as 3.4%, with low-grade cervical lesions (LSIL/CIN-
1) 21.2%, with high-grade cervical lesions (HSIL/CIN-2/CIN-3/
CIS) 42.1%, and in cervical cancer cases 68.9%, respectively.
Meanwhile, the crude incidence rate of cervical cancer per
100,000 women is 18.4. As to the HPV vaccine, it is unavailable
and has not been introduced for now [16]. As known, the pilot
HPV vaccination program started in Kazakhstan in 2013 but
then was discontinued. Recent studies have shown that contrary
attitudes towards HPV vaccination exist among Kazakhstani
women, with approximately half having positive and almost half
having negative or neutral attitudes towards the vaccine [17].
Nonetheless, the Kazakh Institute of Oncology and Radiology
reported that the program relaunch is scheduled for 2024.

According to the nomenclature of HPV established by the
International Committee on Taxonomy of Virus (ICTV), each
HPV type can be differentiated into phylogenetic lineages in
terms of geographic distribution, pathogenicity, regulation of
transcription, and immunological response [18, 19, 20]. The
HPV16 type has accordingly been divided into four phylogenetic
lineages: A, B, C, and D. The lineage D consists of the three
sub-lineages: D1, D2, and D3, that include Asian-American and
North American sequences. HPV intratypic molecular variants
can be distinguished based on oncogenic potentials despite their
phylogenetic relatedness. Reportedly, the HPV16 lineage D
appears more carcinogenic than other lineages [21].

The HPV genome is an 8,000 base pair (bp), double-
stranded, circular DNA packaged within a protein capsid. The
prototypical genome encodes 6 early genes (E1, E2, E4, ES,
E6, and E7) and 2 late genes (L1 and L2) [22]. Specifically,
the L1 gene encodes the major capsid protein, which forms
a pentameric capsomer that self-arranges into a 72-subunit
icosahedral capsid. The capsid is essential for viral binding and
entry into host-specific tissues [23]. Furthermore, the L1 coding
sequences of the immunogenic surface loops are distinctively
poorly conserved due to selective pressures for mutagenesis and
immune evasion [24].

Research on HPV gene sequencing that focuses on the
geographic locations of the found isolates has not yet been
performed in Kazakhstan. Making a nationwide map of HPV
responsible for cervical cancer onset in local women and

identifying HPV lineages and the isolates' countries of origin
appears to be one of the foreground tasks for Kazakhstani
researchers.

The purpose of HPV L1 gene sequencing in the present
work was to confirm the HPVs identification established by PCR
typing and to clarify the geographical distribution of identified
HPV types circulating in the western region of Kazakhstan.

Thus, the article aimed to present HPV L1 gene sequencing
developments in women affected with cervical cancer throughout
the western part of Kazakhstan and provide findings on the
geographic pathways of the obtained isolates.

Methods

This research constituted a part of a large multipurpose
project on HPV infection in western Kazakhstan, with the
published protocol [25]. The study protocol (version 2) was
approved by the University Local Ethical Committee (Ref. 1
dated 09.01.2016). The work was carried out using the checklist
of mandatory items for observational studies (STROBE) and
STREGA for studies with genetic material. The informed
consent form was developed based on WHO recommendations,
and all participants who signed the form were informed of the
research objectives. The patients’ rights were protected.

Test systems “Quantum-21" (Russian manufacturing)
were used for qualitative and quantitative detection of total
HPV 21 types (6, 11, 16, 18, 26, 31, 33, 35, 39, 44, 45, 51, 52,
53, 56, 58, 59, 66, 68, 73, and 82). Of them, thirteen are highly
carcinogenic, five are possibly/probably carcinogenic (26, 53,
66, 73, 82), and three are low carcinogenic types (6, 11, 44).
DNA extraction for further L1 gene sequencing was performed
with QIAamp DNA Mini Kit (Qiagen Ltd, Crawley, UK). All
details on HPV detection in samples collected in women with
newly diagnosed cervical cancer through the PCR Real-time
method were published [25].

Description of HPV L1 gene sequencing

Amplification of PCR products:

Human papillomavirus fragment
performed using universal primers:

MYOQO9HPV —5*— CGTCCMARRGGAWACTGATC-3’

and MY 11HPV - 5°— GCMCAGGGWCATAAYAATGG.

The reaction mixture contained 50 pmol of each primer
(MY09/11) 1x PCR buffer with KCl (Fermentas), six mM
MgC12,200 mmol of each ANTP, and 2 U of Taq polymerase (Taq
DNA Polymerase (recombinant, Fermentas). The PCR program
was run on a GeneAmp amplifier 9700 (Applied Biosystems). It
included long-term denaturation at 95°C for 5 minutes, 40 cycles
at 95°C for 1 minute, 55°C for 1 minute, and 72°C for 1 minute,
and final elongation at 72°C for 7 minutes.

Electrophoretic analysis of amplification products:

The amplified target DNA fragments were analyzed
by separating DNA fragments in an agarose gel (agarose
concentration from 2%) in the presence of an intercalating
agent, ethidium bromide, which was used for further DNA
visualization. Electrophoresis was performed in a PowerPac
horizontal electrophoresis chamber and a BioRad Electrophoretic
bath current source. 1x TAE buffer was used as electrode buffer.

The results were documented using the Gel Doc (Bio-Rad)
gel documentation system with Quantity One software (Bio-
Rad). The molecular sizes of the analyzed DNA samples were
determined by comparing their electrophoretic mobility in the
gel with the mobility of markers —a DNA fragment of a known
molecular weight. “DNA Ladder 1kb” (Fermentas) was used as
a molecular weight marker.

amplification was
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Determination and analysis of nucleotide sequences:

PCR products were purified from unbound primers by an
enzymatic method using Exonuclease I (Fermentas) and alkaline
phosphatase (Shrimp Alkaline Phosphatase, Fermentas).

To eliminate non-specific fragments, an additional
method was used to purify PCR products by precipitation in
the presence of polyethylene glycol (PEG 6000), based on early
papers showing an inverse relationship between the percentage
concentration of PEG and the size of the purified double-stranded
DNA molecules.

Purification included:

— adding an equal volume of the prepared PEG mixture
(52.4 PEG 6000, 40 ml 3M NaOAc pH 5.2, 1.32 ml IM MgCIl2,
and up to 200 ml deionized water) to the PCR product;

— intensive mixing on a vortex for 20 seconds;

— keeping at room temperature for 30 minutes;

— centrifugation at 13 thousand rpm for 10 minutes;

—removal of the supernatant;

— washing the precipitate with 80% ethanol and eluting the
DNA in water.

The sequencing reaction was performed using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems)
according to the manufacturer's instructions, followed by
separating the fragments on a 3730x]1 DNA Analyzer (Applied
Biosystems).

Table 1

Nucleotide sequences obtained using forward and reverse
primers were analyzed and combined into a joint sequence using
SeqScape 2.6.0 software (Applied Biosystems).

The resulting nucleotide sequences were identified using
the BLAST function in the international Gene Bank database
(http://www.ncbi.nlm.nih.gov/). The genotype was determined
by the maximum percentage of identity of the analyzed sequence
to the reference samples in the Gene Bank. Phylogenetic
analyses were conducted using the MegAlign program from
the LASERGENE software package (version 6.0; DNA star,
Madison, WI) and with MEGA version 5.0 software, http://
www.megasoftware.net). A multiple alignment was created
through Clustal W software, and the neighbor-joining method
was used to construct the phylogenetic tree.

Results

For research, 70 samples were transported to the shared
laboratory of the National Scientific Center for Biotechnology
(Astana), but successful sequencing was performed only in 10
cases (14.3%). The overall effectiveness of L1 gene sequencing:
of seven samples isolated in Aktau, two were sequenced
successfully; of eight samples from Uralsk, one was sequenced;
of three samples from Atyrau, sequencing failed in all cases.
Fifty-two samples from Aktobe resulted in seven successful
developments.

Results of successful sequencing of the HPV L1 gene isolated in cervical cancer patients in western Kazakhstan.

Ne | Sample Viral load/ Region Identified DNA concentration, Performing a sequence of the HPV L1 gene
code per sample types ng/ul
1 2a/2/1 3,3*103 Aktau 18 69.6 An isolate similar to KC470221.1, country of origin the USA
3/2/189 8,2*¥103 Aktau 33 53.0 Isolate KC706450.1 from Saudi Arabia
2a/4/12 55*103 Uralsk 53 42.22 An isolate forming a remote cluster with KF436822/1,
KU951264.1 - Southwest China, 97% identity with
EU056643.1 - Ireland
4 4/1/27 6,7¥103 Aktobe 16 24.66 A sequence similar to the EU918764 isolate from China is
obtained
5 2a/1/30 7,1¥103 Khromtau, 16 25.84 An isolate similar to KU951264/1 was obtained, forming a
Aktobe separate cluster with
AJ617545.1, the country of origin for both isolates is Cyprus
6 2a/1/34 7,4¥103 Khromtau, 16 28.0 Common cluster with isolates KU707481.1 (country -
Aktobe Netherlands),
GQ465900 (country - Canada)
7 5/1/2 3,5%103 Aktobe, 6 An isolate of genotype 16 similar to isolate AJ617545.1 from
7,2%103 Shalkar 16 11.5 Cyprus
8 5/1/3 6,2*103 Aktobe, Temir |16 8.16 An isolate of genotype 16 similar to isolate EF133498.1,
country - Portugal
9 4/1/314 6,5%103 Aktobe, 31 22.0 An isolate of genotype 31, similar to isolate KX514424.1,
Kayndy country - Brazil
10 |2a/1/2 5,2*%103 Aktobe, Alga 16 19.3 An authentic isolate from the Aktobe region, not represented
yet in the world Genbank

Table 1 displays the summarized results of the HPV
L1 gene sequences obtained. The viral load of the samples,
measured in 103 genomic equivalents (GE) per sample, ranged
from 3.3 to 8.2, and the range of DNA concentration was broad,
from 8.16 to 69.6 ng/ul (Table 1).

Mangystau samples

Results of the primary nucleotide sequence of sample
2a/2/1 (Aktau), identified with existing nucleotide sequences
using the BLAST program, are shown in Figure 1.

Nucleotide sequence of HPV 2a/2/1 (Aktau, HPV18):

TTTAACAATATGTGCTTCTACACAGTCTATCCTGTA

CCTGGGCAATATGATGCTACCAAATTTAAGCAGTATAG
CAGACATGTTGAAGAATATGATTTGCAGTTTATTTTTCA
GTTATGTACTATTACTTTAACTGCAGATGTTATGTCCTAT
ATTCATAGTATGAATAGCAGTATTTTAGAGGATTGGAAC
TTTGGTGTTCCCCCCCCGCCAACTACTAGTTTGGTGGA
TACATATCGTTTTGTACAATCTGTTGCTATTACCTGTCA
AAAGGATGCTGCACCAGCTGAAAATAAGGATCCCTAT
GATACGTTAAAGTTTTGGAATGTGGATTTAAAGGAAAA
GTTTTCTTTAGACTTAGA

The identity with the isolate KC470221.1 (country of
origin — the USA) is 99%. A phylogenetic tree was built for
sample 2a/2/1 (Aktau) (Figure 2).
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Sequences producing significant alignments:
Select: All None Selected0

it Alignments - ) enBa tancedree of (e [e]
Max | Total Query E

| Description sooiotso) coiee | cvalie Ident  Accession
‘D Hurnan papillomavirus type 18 islate Qv28775, complete genome 65 65 100% 00 99% KC4702211
[0 Human papillomasiry 18, Isolate 18768, major capsid protein L1 (L1) aen jal cd 656 656 100% 00 99% U458931

[ Human papillomavirus toe 18 isolate 2100, complete genome B51 651 100% 00 99% KC4702221
[ Human papillomavirus te 18 isolate RwS7, complete genome 651 651 100% 00 99% KC4702191
O Human papillomavirus type 18 isolate w887, complete genome B51 651 100% 00 99% KC4702181
[0 Human papillomavirus type 18 isolate Rw750, complete genom 651 651 100% 00 99% KC4702171
[ Human papillomairus type 18 isolate Z53, complete genome 651 651 100% 00 99% KC470216.1
O Human papillomavirus type 18 isolate 752, complete aenome 651 651 100% 00 99% KC4702141
O Human papillomavirus fype 18 isolate MI 142 0311 protein gene, parfial cds 651 651 100% 00 99% JE7281881
[0 Human papillomairus type 18 isolate Qv03814, complete genome B51 651 100% D00 99% EF2021541
O Human papillomavirus type 18, isolate 15168, major capsid profein L1 (L1) gene, partial cds 651 651 100% 00 99% U458921

O Human papillomavirus type 18 isolate BF 380, complete genom 645 645 100% 00 99% KC4702281
00 Human papillomavirus type 18 isolate Gv1 2693, complete genome 645 645 100% 00 99% KC470227.1
O Human papillomavirus tyoe 18 isolate 2125, complele genome 645 645 100% 00 99% KC470226.
O Human papillomavirus type 18 isolate BF172, complete genome 645 0645 100% D00 99% KC4702251
O Human papillomavirus e 18 isolate BF 288, complete genome 645 645 100% 00 99% KC4702241
[ Human papillomavirus e 18 isolate BF309, complete genome 645 645 100% 00 99% KC4702231

Figure 1- BLAST data for HPV18 (Mangystau, sample 2a/2/1)

4 Synthetic construct codon-modified HPVIS L1 protein gene, complete eds

—Aviruses |2 leaves

Human papillomavirus type I8 isolate Qv03 132, complete genome

Human papillomavirus type |8 isolate CCI LI capsid protein gene, partial eds

Human papillomavirus type 18 isolate (v29226, complete genome

Human papillomavirus type 18, isolate [S002, major capsid protein LI (L1) gene, partial ods
 Human papillomavirus type 18 variant, pantial sequence

Human papillomavirus type 18 complete sequence

Human papillomavirus - 18 clone LOOLI LI protein gene, partial eds

Human papillomavirus type 18 isolate MI 239 09 L1 protein gene, partial eds
Human papillomavirus type 18 isolate MI_430_09 L1 protein gene, parfial ods
Hurman papillomavirus type 18 isolate MI_296_09 L1 protein gene, partial eds
Human papillomavirus type 18 isolae MI_47_09 L1 profein gene, partial cds
Human papillomavirus type 18 isolate $4 L1 protein (L1) pene, partial eds
Human papillomavirus type I8 isolaie ZI33, complete genome
Human papillomavirus type |8 isolate Qv26861, complete genome
9 Human papillomavirus type 18, isolate 15326, major capsid protein L1 (L1) gene, partial ods
| Human papillomavirus isolaie LSM4 capside major protein (L1) gene, partial eds
Human papillontavirus isolate LSCT1 capside major protein (L1) gene, partial eds
Human papillomavirus isolate LSCC capside major protein (L1) gene, partial cds
Human papillomavirus isolate LSMLI capside major protein (L1) gene, partial cds
Hunan papillomavirus isolate LSCM capside major protein (L1) gene, partial eds
Human papillomavirus type 18, isolate ISI68, major capsid protein L1 (L1) gene, partial ods
Human papillomavirus type |8 isolae Z100, complete genome
Human papillomavirus type 1§ isolaie MI_142 (9 L1 protein gene, partial cds
Human papillomavirus type |8 isolate 752, complete genome
Aviruses | 3 leaves
@ Human papillonavirus type 18 isolate Rw637, complete genome
9 Human papillomavirus type 18 isolate Rw37, complete genome

¢ viruses | 14 leaves
lel[Query_89223
viruses |3 leaves

Figure 2 - HPV18 (Mangystau, sample 2a/2/1), phylogenetic tree
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Sequences producing significant alignments:
Select: All None Selected:0

it Alignments o
Description ST::; sT:;?l (zgveg v:ue Ident  Accession
[0 Human papillomavirus type 33 isolate 3 major capsid protein L1 (11) gene, partial cds 592 592 100% 2e-165 99% KCT064501
O Human papillomavirys type 33 isolate S5 L1 protein (L1) gene, partial cds £92 592 100% 2e-185 99% JQ902114.1
O Human papillomavirus type 33 isolate RWA26, complete genome §92 592 100% 2e-165 99% HQS537694.1
[0 Human papillomavirus type 33 isolate Z84, corplete genome 592 592 100% 2e-165 99% HQS537693.1
[0 Human papillomavirus type 33 isolate RW702, complete genome 592 592 100% 2e-165 99% HQS537692.1
[0 Human papillomavirus type 33 isolate BF 266, complete genome 592 592 100% 2e-165 99% HQ537691.1
[0 Human papillomavirus tpe 33 isolate Qv35834, complete genome 592 592 100% 2e-165 99% HQ537690.1
[0 Human papillomavirus type 33 isolate Qv32484, complete genome 592 592 100% 2e-165 99% HQO537688.1
[0 Human papillomavirus isolate 1514 L1 protein gene, partial cds 592 592 100% 2e-165 99% GQU797244.1
[0 Human papillomavirus type 33 isolate 3 major capsid protein L1 (L1) gene, complete cds 592 592 100% 2e-165 99% GQ479014.1
O Human papillomavirus type 33 isolate 2 major capsid protein L1 (L1) gene, complete cds 892 592 100% 2e-165 99% GQ479013.1
[0 Human papillomavirus isolate 06JAN PHL MY0B1 02 L1 capsid protein (L1) gene, partial cds 592 592 100% 2e-165 99% EU911184.1
[0 Human papillomavirus isolate 0BJAN PHL MY035 06 L1 capsid protein {L1) gene, partial cds 5§92 592 100% 2e-165 99% EU911114.1
[0 Human papillomavirus type 33 strain SRB170AK L1 protein (L1) gene, partial cds 592 592 100% 2e-165 99% EU7797441
[0 Human papillomavirus type 33 isolate Bsb-98 major capsid protein L1 gene, partial cds 592 592 100% 2e-165 99% DQ486473.1
[0 Human papillomavirus isolate PT170-04 L1 protein gene, partial cds 592 592 100% 2e-165 99% DQ111016.1
[0 Human papillomavirus type 33, isolate 15267, major capsid protein L1 (L1) gene, partial cds 592 592 100% 2e-165 99% U45895.1
[0 Human papillomavirus type 33, complete genome 892 592 100% 2e-165 99% M127321
[0 Human papillomavirus type 33 isolate 2207 major capsid protein L1 gene, partial cds 588 588 99% 2e-164 99% EU0D56640.1

Figure 3 - The BLAST program data for HPV33 (Mangystau, sample 3/2/189)

The following sequence in Table 1 is also isolated in Aktau
(Mangystau region). Figure 3 presents BLAST data for this
sample (HPV33).

As can be seen from the results, the identity is 99%.
The first in the GenBank alignments is isolate KC706450.1,
corresponding to the HPV33 genotype detected in Saudi Arabia.

Nucleotide sequence of HPV33 sample 3/2/189
(Mangystau region):

ACCACTCGCAGTACTAATATGACTTTATGCACACA
AGTAACTAGAaGACAGTACATATAAAAATGAAAATTTT

AAAGAATATATAAGACATGTTGAAGAATATGATCTACA
GTTTGTTT{TCAACTATGCAAAGTTACCTTAACTGCAGA-
AGTTATGACATATATTCATGCTATGAATCCAGATATTTTA
GAAGATTGGCAATTTGGTTTAACACCTCCTCCATCTGC
TAGTTTACAGGATACCTAAAGGTTTGTTACCTCTCAGG
CTATTACGTGTCAAAAAACAAGTACCTCCAAAGGAAA
AGGAAGACCCCTTAGGTAAATATACATTTT

The phylogenetic tree of sample 3/2/189 with isolates
presented in Genbank (sample marked in yellow) is shown in
Figure 4.

Human pagillomavirus strain CH470 L gene, parial cis

6 S Human pagillomavirus type 33 isolate AS6-H33 major capsid protein L1 (L1) gene, partial cds

viruses| 2 leaves
“S SHuman pepillomavirusisolate CUBA-159-2010 major capsid protein (L1) gene, parial cds
‘G5 Human papillomavirus type 33 isolate Bsb-24 L1 protein (L1) gene, partial ods
Human papillomavirus isolate OGJAN_PHL_MY035_06L1 capsid protein (L1) gene, partil cds
SHumen papillomavirus type 33 isolate Bsb-98 major capsid proten L gene, partal ods
G viuses| 1 leaves
SHuman pagillomavirus type 33, solate 13267, major capsid protein L (L) gene, parial cds
SHuman papillomavirus isolate tepd nonfunctional major capsid protein (L1) gene, partial sequence
Sviruses |4 leaves
§ viruses |40 leaves
‘SHuman apillomavirus type 33 islate 3 major capsid proein L1 (11) gene, parial cds
OHuman pagillomavirusisolate 06JAN_PHL MY061_02L1 capsid protein(L1) gene, parial ods
OHumzn papillomavirus type 33 isolate Qv324%4, complete genome
¢ viruses | 22 leaves

6l Quay 59207

-6
Human papillomavirus type 33 strain 37C L1 protein (L1) gene, parial cds

Figure 3 - HPV33 (Mangystau, sample 3/2/189), phylogenetic tree
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Uralsk samples

Only one sample from Uralsk was fit for sequencing. An
isolate genotype 53 (potentially / possibly carcinogenic) was
obtained as a separate cluster from those from Southwest China
and Ireland (identity 97%).

Aktobe samples

Sample 4/1/27 (HPV16), primary nucleotide sequence:

CAGTAAAGGATCCTAATTGTTACTGTTGTAGATA
CTACACGCAGTACACAATATGTCATGTATGGTGGCTGC
CATATGCTACCTCTGATACTACATATTAAAGTACTAAC
TTTAAAGAGTATCTACGACATGGGGAGGAATATGATTT

Description

O Human papillomavirus type 16 isolate LZcc11-16, complete genome
O Human papillomavirus type 16 isolate PT 62-05 L1 protein gene, partial cds
O Human papillomavirus tyoe 16 isolate PT 59-05 L1 protein gene, partial cds

O Human papillomavirus proviral partial L1 aene for major capsid protein, isolate CY07-118
O Human papillomavirus tyoe 16 isolate CNA138, complete genome

[0 Human papillomavirus type 16 isolate CNA34, complete genome

[0 Human papillomavirus type 16 isolate CNA33, complete genome

[0 Human papillomavirus type 16 isolate CNA20, complete genome

[0 Human papillomavirus type 16 isolate CNA15, complete genome

[0 Human papillomavirus type 16 strain IR isolate IR-59 L1 protein (L1) gene, complete cds
[0 Human papillomavirus type 16 strain IR isolate IR-44 L1 protein (L1) aene, complete cds
[0 Human papillomavirus tye 16, complete genome

O Human papillomavirus tyoe 16 isolate IR-32 L1 (L1) gene, complete cds

[0 Human papillomavirus tyoe 16 isolate IR-31 L1 (L1) aene, complete cds

O Human papillomavirus tvpe 16 isolate IR-18 L1 (L1) gene, complete cds

[0 Human papillomavirus tye 16 isolate IR-3 L1 (L1) gene, complete cds

O Human papillomavirus tye 16 isolate IR-1 L1 (1) gene, complete cds

[0 Human papillomavirus type 16 isolate R-0 L1 (L1) gene, complete cds

[0 Human papillomavirus type 16 isolate 16-Anhui1 2 from China, complete genome

[0 Human papillomavirus type 16 isolate 78SE major capsid protein Lt (L1) gene, partial cds

[0 Human papillomavirus type 16 isolate 32SE major capsid protein L1 (L1) gene, partial cds

Figure 5 - BLAST data for HPV16 (Aktobe, sample 4/1/27)

g.O\‘H

Figure 6 - HPV16 (Aktobe, sample 4/1/27), phylogenetic tree

ACAGTTTATTTTTCAACTGTGCAAAATAACCTTATCTGC
AGACGTTATGACATACATTCATTCTATGAATTCCGCTAT
TTTGGAGGACTGGAATTTTGGACTACCCCCTCCCCCCT
GAGGCTCATTAGAAGATACTTATAGGTTTGTAACCTCC
CAGGCCATTGCTTGTCAAAAACATGCCCCTCCAACAC
CTAAAGAAGATCCCCTTAAAAAATACGCTTTTTGGGAA
GTAAATTTAAAGGAAAAGTTTTCTGCAGACCTAGATCA
GTTTCCCCCTTGGACGAAA

Figure 5 shows a print screen of the BLAST program
results and the percent identity of the existing nucleotide
sequences with the tested sample.

Mo | el | Qe | E Ident  Accession
score score cover value

590 94% 9e-165 93% EUI187641
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8
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OlcljQuery 217787

® Human papil lomavirus type 16 isolate LZccl1-16, complete genome

@ Human papillomavirus type 16 isolatle CNA33, complete genome

® Human papillomavirus type 16 isolate CNA34, complete genome
Human papillomavirus type 16 strain IR isolate IR-59 L1 protein (L1) gene, complete cds
Human papillomavirus type 16, complete genome

®Human papil lomavirus type 16 isolate PT 62-05 LI protein gene, partial cds
9

[}
Human papillomavirus type 16 isolate CNA1S, complete genome

@ Human papil lomavirus type 16 isolate PT 59-05 L1 protein gene, partial cds

Human papillomavirus type 16 strain IR isolate IR-44 L1 protein (L1) gene, complete ods
Human papilloma virus type 16 isolate IR-32 LI (L1) gene, complete cds
3 ® Human papillomavirus proviral partial L1 gene for major capsid protein, isolate CY07-118
]

® Human papil loma virus type 16 isolate IR-31 L1 (L1) gene, complete cds

® Human papillomavirus type 16 isolate CNA138, complete genome
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The first in the table is the accession EU918764, which
was isolated in China in 2007, but the percentage of identity with
the tested sample is 93%. The phylogenetic tree of sample 4/1/27
with isolates presented in Genbank (sample marked in yellow) is
displayed in Figure 6.

The explored sample forms a somewhat isolated branch,
having a common node with the CNA33 isolate.

Identification of the genotype 16 Kazakhstani isolate from
Aktobe, having its own branch, appears to be the study's most
important finding. Unique sample 2a/1/2 (Aktobe, Alga district)
and its nucleotide sequence:

CAGTAAAGGATCCTAATTGTTACTGTTGTAGATA
CTACACGCAGTACACAATATGTCATGTATGGTGGCTGC
CATATGCTACCTCTGATACTACATATTAAAGTACTAACT

Sequences producing significant alignments:
Select: All None Selected:0

TTAAAGAGTATCTACGACATGGGGAGGAATATGATHA
CAGTTTATTTTTCAACTGTGCAAAATAACCTTATCTGCA
GACGTTATGACATACATTCATTCTATGAATTCCGCTATT
TTGGAGGACTGGAATTTTGGACTACCCCCTCCCCCCTG
AGGCTCATTAGAAGATACTTATAGGTTTGTAACCTCCC
AGGCCATTGCTTGTCAAAAACATGCCCCTCCAACACCT
AAAGAAGATCCCCTTAAAAAATACGCTTTTTGGGAAGT
AAATTTAAAGGAAAAGTTTTCTGCAGACCTAGATCAGT
TTCCCCCTTGGACGAAA

The results of identifying the sample with the BLAST

program are shown in Figure 7.

The figure shows that the identity of the studied isolate

with those deposited in Genbank reached only 93% percent.

it Alignments

&

Description

[0 Human papilloravirus type 16 isolate LZce11-16, complete genome

[ Human papillomavirus type 18 isolate PT 62-05 L1 protein gene, partial cds

[0 Human papillornavirus tyoe 16 isolate PT 53-05 L1 protein gene, partial cds

[0 Human papillomavirus proviral partial L1 gene for major capsid protein, isolate CY07-118
[J Human papillomavirus type 16 strain IR isolate IR-59 L1 protein (L1) gene, complete cds
O Human papillomavirus type 16 strain R isolate IR-44 L1 protein (L1) gene, complete cds
[0 Human papillomavirus type 16, complete genome

[0 Human papillomavirus tyoe 16 isolate IR-32 L1 (L1) gene, complete cds

] Human papillormavirus tyoe 16 isolate IR-31 L1 (L1) aene, complete cds

[0 Human papillomavirus tyoe 16 isolate IR-19 L1 (L1) gene, complete cds

[0 Human papillomavirus type 16 isolate IR-9 L1 (L1) gene, complete cds

[0 Hurman papilloravirus type 16 isolate [R-1 L1 (L1) gene, complete cds

[0 Human papillomavirus type 16 isolate IR-0 L1 (L1) gene, complete cds

[0 Human papillornavirus type 16 isolate 16-Anhuil12 from China, complete genome
[0 Human papillomavirus type 16 isolate 78SE major capsid protein L1 (L1) gene, partial cds
O Human papillomavirus type 16 isolate 32SE major cansid protein L1 (L1) aene, partial cds

[ Human papillomavirus tyoe 16 isolate 2SE maior capsid protein L1 (L1) aene, partial cds
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Figure 7 - BLAST data for HPV16 (Aktobe, Alga district, sample 2a/1/2)

The program Mega 6.0 was used to construct the
phylogenetic tree (Figure 8).

i7311858691gbNG17890.1| Human papilomanius type 16 strain HPV16/L1/Congo-B2V/Boumbad capsid protein (L1) gene parial cds
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Figure 8 - HPV16 (Aktobe, sample 2a/1/2), phylogenetic tree

The presence of the Kazakh isolate's separate branch is
seen in the figure. Further data collection is needed to build a
phylogenetic tree and clarify the data obtained on the Kazakh
HPV16 unique isolate.

The data from the presented study on the detected HPV
types are summarized on the map of Western Kazakhstan
(Figure 9). Regrettably, the findings are incomplete — there
is a lack of data from the Atyrau region and insufficient data
from Oral terrains. The research towards detecting all available
information on HPV distribution to compile a complete map
of the prevalence of HPV types in the Western region and
throughout the country needs to be continued.
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Figure 9 - HPV types detected in the western region of
Kazakhstan
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Discussion

As stated previously, the most convenient object for HPV
gene sequencing is the L1 gene, often sequenced for additional
genotype identification. Comparison of HPV 6b, 11, 16, 18, 31,
and 33 sequences showed that the most conserved regions are
within the open reading frames (ORFs) of the E1 and L1 genes
(E, early; L, late). These HPV genes are responsible for virus
replication. Two highly conserved 20 bp sequences were found
in the L1 ORF, common to all sequenced HPV types [26, 27].
As known, HPV 16 variants, classified based on less than 10%
nucleotide variations in the major capsid (L1 ORF), contribute
to persistent infection leading to cancer development. L1 protein
forms the cornerstone of HPV structure and antigenicity [23].
Nowadays, all licensed HPV recombinant vaccines are designed
based on HPV major capsid L1 protein [27]. But to explore
the genetic variability of isolates, genomic regions E6/E7 are
used, i.e., genes responsible for the expression of oncoproteins.
Researchers observed thousands of unique HPV16 genomes
exploring the E7 region. They reported that very few women
shared the identical HPV16 sequence, which should stimulate
a careful re-evaluation of the clinical implications of HPV
mutation rates, transmission, clearance, and persistence [28].

In our study, the results of HPV L1 gene sequencing
evidence that the geographical introduction of obtained isolates
in western Kazakhstan is extensive and various. In fact,
we established pervasion of HPV infection from almost all
continents, excluding Africa and Australia. For types 18 and 33
circulating in the Mangistau region, we found an introduction
from North America and the Arabian Peninsula. At the same
time, researchers from Saudi Arabia established that HPVs
circulating in their territory formed a closed cluster with African,
Asian, East Asian, and American HPVs distributed into multiple
lineages from various geographical locations [29].

We found that the isolate HPVS53 from Uralsk was
presented as a separate cluster from those from Southwest China
and Ireland. Canada and the Netherlands have been identified as
the geographic locations for the isolate obtained in the Khromtau
sight of Aktobe. Other countries of origin for the Aktobe samples
were the following: Brazil, South America (sample isolated in
the Kayndy site), Cyprus (isolates obtained in the districts of
Khromtau and Shalkar), Portugal (the isolate was obtained in the
Temir district), and China.

We believe that the work done has resulted in two
indisputable achievements. In the Alga area, an original isolate
of genotype 16 has been detected as a separate branch for which
it is necessary to complete the phylogenetic tree. The isolate has
not yet been entered into the world Genbank, and the registration
process should be commenced as the tree is built. Considering
that HPV16 is the predominant type among HPV-infected
women in western Kazakhstan (26.4% prevalence), besides it is
the causative factor for 54.1% of women affected with cervical
cancer, any research into the nature and behavior of this genotype
seems very important [11].

In Uralsk, we detected a case of cervical cancer caused by
HPV53 (sample 2a/4/12). The value of this sample's successful
sequencing is that the apparent carcinogenicity of one of the
so-called "potentially carcinogenic" HPV types was confirmed.
By definition, highly carcinogenic types are those capable of
causing invasive cancer by acting as a single agent. Moreover,
we established the geographic path for this isolate, which forms
a remote cluster with KF436822/1, KU951264.1 — Southwest
China, and 97% identity with EU056643.1 — Ireland.

However, the work was accompanied by significant
disadvantages. The first and the most prominent is unsatisfactory
productivity, only 14.3% of successful cases. As known,
collection, storage, and transport significantly affect the quality
of the samples. In our study, some examples showed a very
low viral load, and some lacked DNA, thus failing to obtain
the L1 gene sequences in 60 cases. Specialists from the shared
laboratory practiced repeated attempts to optimize the PCR
conditions and the sequencing procedure, as well as additional
experiments (reamplification, re-sequencing), but without
success. Meanwhile, the sampling and transportation of the
biomaterial were carried out according to the Instructions of the
transport medium manufacturer — the Russian company “DNA-
technologies”. However, it cannot be denied that there were
certain deviations from Instruction during the transportation of
samples by train or plane due to some lack of control by the
project staff.

One of the limitations is some incompleteness of work.
Identifying the lineages for HPV 16 isolates would be beneficial,
given the different carcinogenicity of the four HPV 16 lineages.
The subsequent research on the genetic features of HPV
types circulating in Kazakhstan should include these issues.
Moreover, there is a need to generate complete genome sequence
information to provide a clearer picture of the genetic diversity
and evolution of HPVs in the country.

In general, the sequencing findings indicate the variety of
ways for HPV pervasion into the western region of Kazakhstan.
The presence of HPVS53 as a single agent for invasive cervical
cancer (sample 2a/4/12) confirms the current viewpoint on the
particularities of HPV behavior — high genetic variability and
a tendency to constant evolution. It is necessary to continue the
research cycle and complete the Kazakhstani isolate of type
HPV16 registration process in the world Genbank.
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