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Abstract

Background: Human T-lymphotropic virus 1 (HTLV-1) is a member of the Retroviridae family that can cause two
groups of diseases: HTLV-1-associated myelopathy/tropical spastic pataparesis (HAM/TSP) and adult T-cell leuke-
mia/lymphoma (ATLL). Despite HTLV having seven different subtypes, cosmopolitan subtype A is responsible for
most HTLV-1-related disorders and is the most widely dispersed type globally, including in the Middle East, known
to be an endemic area for the virus. Therefore, due to the importance of determining the subtypes of this virus, we
aimed to explore the subtypes of HTLV-1 in Iran.

Methods: In this cross-sectional study, we screened 140 Blood samples for HAM/TSP infection and approximately
4,500 samples for asymptomatic carriers (ACs) from Sina Hospital, Iran between 2020 and 2021. Positive samples
wete used for phylogenetic and mutational analysis to compate ACs and HAM/TSP cases via the Tax segment of
HTLV. To identify the genotype of positive samples, the Maximum Likelihood method was used to construct the
phylogenetic tree based on the positive samples.

Results: All Iranian isolates were clustered as HTLV-1a subgroups. Moreover, all of our samples have undergone
positive selection pressure. Furthermore, we detected unique mutations in Iranian HAM/TSP and ACs sequences.
Conclusion: All of the Iranian Tax proteins are under positive selection pressure with respect to Japanese isolates.
Interestingly, we detect specific mutation patterns in the sequences. Positions 51, 82, 109, 172, 232, and 339 in the aa
sequence have undergone mutations specific to Iranian HTLV-1; and in positions 22 and 146 aa we detected muta-
tions unique to ACs and HAM /TSP, respectively.
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Introduction

Human T-lymphotropic virus 1 (HTLV-1), which
belongs to the Retroviridae family, can cause two
groups of diseases: HTLV-1-associated myelopa-
thy/tropical spastic parapatesis (HAM/TSP) and
adult T-cell leukemia/lymphoma (ATLL) (1-3).
This virus can be transmitted in different ways:
from mother to infant, mostly by prolonged
breastfeeding, transfusion of blood, and via sexu-
al contact (since the virus transmits from male to
female, women are more endangered) (4-0).
HTLV-1 has a diploid RNA genome and based
on the long terminal repeat (LTR) sequence and
Tax segment, seven different subtypes are recog-
nized from HTLV-1. The Cosmopolitan subtype
is known as HTLV-1A, African subtypes are
known as B, D, E, F, and G, and Melanesian
clustered in the C subtype (7-10). Previous stud-
ies have confirmed the variety of HTLV-1 preva-
lence among different populations. Moreover, the
prevalence of HTLV-1 increases proportionally
to age and also, is more prevalent in females (11,
12).

Among the seven characterized subtypes, cos-
mopolitan subtype A is responsible for most of
the HTLV-1-related disorders. In addition, this
type is the most transferred type dispersed
wortldwide, however, southern western Japan, the
Caribbean islands, South America, West Africa,
the Melanesian Islands, and the Middle East are
known to be the endemic areas for the virus. This
virus has infected more than five million people
globally (13-10).

HTLV-1 creates an important protein known as
Tax proteins associated with controlling the cel-
lular signaling pathways in order to development
of chronic inflammation and the induction of
related diseases (17, 18).

Since the most abundant HTLV-1 sequence is
LTR which is available in databases and covers a
wide range of countries, most of the studies tar-
geted the LTR region for their phylogenetic anal-
ysis. There are few studies in Iran that analyze the
phylogeny of the Tax segment in the infected
HAM/TSP patients versus ACs ones, while the
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Tax sequence is informative for characterizing
different subtypes of the virus. Furthermore, this
segment can be considered for mutational analy-
sis in order to detect positive and negative selec-
tion.

Although Iran is reported to be one of the en-
demic regions and has a prevalence of infection
of approximately 4% in some northeast cities
[PMID: 268998060], there are few comprehensive
studies to conduct phylogenetic insights into the
Tax segment. In this study, we aim to compare
this segment in HAM/TSP and ACs patients via
phylogenetic and mutational analysis. Previous
phylogenetic studies in Iran revealed that the
HTLV-1 genotype belongs to the subtype A (19).
We aimed to perform a phylogenetic analysis of
the HTLV-1 based on the Tax sequence to de-
termine the subtypes of the virus in Iran. Moreo-
ver, mutational analysis of the HTLV-1 based on
the Tax segment is covered in this study.

Materials and Methods

Population study

In this cross-sectional study, blood samples of
140 suspected HAM/TSP patients were collected
from people referred to Sina Hospital in Tehran,
Iran. All collected blood samples were analyzed
for anti-HTLV1 antibodies. Sera-positive samples
were checked by PCR to confirm HTLV-1 infec-
tion using specific primers based on PLTR and
PHBZ genes. Subjects' agreements were obtained
for participating in the study.

Each month around 1500 individuals referring to
the Blood Transfusion Organization of Alborz
(BTOA) for blood donation were screened to be
asymptomatic careers. All the samples from sus-
pected HAM/TSP patients and ACs were first
screened for the presence of HTLV-1 antibodies
by an Enzyme-linked immunosorbent assay
(ELISA, Dia. Pro-Italy). Then, the PCR test was
implemented to confirm the positive sera sam-
ples. The HAM/'TSP-positive samples wete col-
lected between 2020 and 2021, while the ACs
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samples were collected in 3 months starting from
Apr 2020 to Jun 2020.

DNA extraction and PCR amplification

DNA was extracted from Peripheral Blood
Mononuclear Cells (PBMCs) using an available
commercial Kit (Roje, Iran). The isolated DNA
was stored at -20 °C until the PCR analysis start-
ed. Two pairs of primers were designed, Partial
LTR (PLTR) and Partial HBZ (PHBZ) for infec-
tion confirmation, and Full Tax (FTax) for se-
quencing.  PLTR  forward  primer  (5-
GGCTCGCATCTCCCCTTCAC-3) and PLTR

reverse primer (5-
GAGCAAGCAGGGTCAGGCAA-3), PHBZ
forward primer (5-
ACGTCGCCCGGAGAAAACA-3) and PHBZ
reverse primer (5-

CTCCACCTCGCCTTCCAACT-3). A T100
thermocycler (Biorad ,USA) was used to amplify
the PLTR and PHBZ regions with the following
amplification program for PLTR: 94 °C for 4
min, 45 cycles of 95 °C for 40 sec, 62 °C for 40
sec, 72 °C for 40 sec and for final extension step
72 °C for 5 min and hold in 4 °C for 2 min.
Moreover, the program used for amplifying the
PHBZ region is as follows: 94 °C for 4 min, 45
cycles of 95 °C for 40 sec, 60 °C for 40 sec, 72
°C for 30 sec and for final extension step 72 °C
for 5 min and hold in 4 °C for 2 min.

DNA sequencing and phylogenetic
analysis

The Tax region 1062 bp was amplified with the
following  primers:  forward  strand  (5-
GGATAGCAAACCGTCAAGCAC-3) and re-
verse primer (5-
GGTGAGGGGTTGTCGTCAA-3). For the
amplification section, each PCR run consisted of
94 °C for 4 min, 45 cycles of 95 °C for 40 sec, 58
°C for 35 sec, 72 °C for 80 sec and for the final
extension step 72 °C for 5 min and hold in 4 °C
for 2 min. Then, the amplified segments of the
Tax genes were sent to the Codon institute for
sequencing. The Tax gene segments were deter-
mined, using the sanger method. Then, the se-
quences were converted into the blast and the
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accuracy was assessed in NCBI, the confirmed
sequences were documented in Gene bank. To
analyze the sequences BioEdit was used.
Afterward, Phylogenetic tree reconstructions
were conducted using MEGA software (version
X) with the maximum likelthood method in the
Kimura two-parameter substitution model with
1000 bootstrap sampling.

Mutational analysis

Iranian isolates were considered for mutational
analysis to explore the probable changes in the
amino acid sequence of the Tax region. For this
purpose, we used the Japanese Tax segment,
which was the most similar Tax isolate to the
Iranian sequences, as the reference sequence.
Then, we obtained amino acid changes in the
Iranian sequences.

Ethics approval and consent to
participate

Informed consent for study participation was
obtained from all subjects. The study was ap-
proved by the Ethics Committee of Tehran Uni-
versity of Medical Science. (IR.400.12.1417).

Results

opulation study

We obtained 9 HAM/TSP-positive samples out
of 140 and 4 Asymptomatic HTLV-1 carriers out
of almost 4500 samples. Of the 9 HAM/TSP
samples, 3 were male and 6 were female. Addi-
tionally, 2 of them were in the 20-40 age group,
and 7 were between 41 and 60. No positive sam-
ple was detected to be more than 60 yr old. De-
mographic information on the samples indicated
that the mean age of HAM/TSP patients was
44.5, while for ACs samples it was 47.5. Fur-
thermore, all HAM/TSP samples had the same
marital status and were married, while only one
out of four ACs samples was single. Most pa-
tients had no hospitalization history, and 5 out of
9 HAM/TSP and 50% of the ACs samples had
undergone surgery (Table 1).
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Table 1: Demographic information of the positive samples

Isolate Sex Age Matrital statues Collected date

3001-FTax (ACs) M 35 M 4-2020

3002-FTax (ACs) M 55 M 4-2020

3003-FTax (ACs) M 49 M 5-2020

3004-FTax (ACs) M 51 M 6-2020

4001-FTax F 45 M 10-2020

(HAM/TSP)

4002-FTax M 51 M 11-2020

(HAM/TSP)

4003-FTax F 42 M 10-2020

(HAM/TSP)

4004-FTax F 38 M 10-2020

(HAM/TSP)

4005-FTax F 46 M 10-2020

(HAM/TSP)

4006-FTax F 54 M 11-2020

(HAM/TSP)

4007-FTax M 37 M 12-2020

(HAM/TSP)

4008-FTax M 47 M 1-2021

(HAM/TSP)

4009-FTax F 41 M 12-2020

(HAM/TSP)
Phylogenetic analysis subtype (Fig. 1). This outcome showed that
The phylogenetic analysis, conducted using 18 HTLV-3 from the USA was the outgroup and
other sequences from different genotypes, indi- the most distant variant, while Japanese HTLV-1
cated that all Iranian isolates belong to the trans- Tax was the closest sequence to Iranian isolates.

continental subgroup (A) of the Cosmopolitan
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@ 4001-FTax (HAM/TSP)
@ 3004FTax (ACs)
4 3002-FTax (ACs)
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NC 001488, 1-HTLV-2 Tax USA

@ EUSL9782.1 HTLV 3 USA Tax

Fig. 1: Phylogenetic tree constructed with ML method in Kimora-2-parameter model. Different subtypes are noted in the tree.
Iranian isolates are clustered in the subtype A clade. Out group of tree is HTLV-3 of USA
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Mautational analysis

From the results of the mutational analysis, all
collected samples showed evidence of positive
selection pressure. Detailed information on the
number of observed mutations is shown in Table
2. We found signatures in the mutation patterns

1 I st au
1 I 1
LC192506.1 Tax Japan
3001-FTax (ACs)
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3003-FTax (ACs)
3004-FTax (ACs)
4001-FTax (HAM/TSF)
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4003-FTax
4004-FTax
4005-FTax
4006-FTax
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400B-FTax
4009-FTax

(HAM/TSP}
(HAM/TSP}
(HAM/ TSP}
{HAM/TSP)
{HAM/TSP)
(HAM/TSP}
(HAM/ TSP}
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3002-FTax
3003-FTax
3004-FTax
4001-FTax
4002-FTax
4003-FTax
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4005-FTax
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SVVCMYLYOLSPPITWPLLPHYI

o
IFHKEQTKAYHPSFLLSHGLIQYSSFENLHLLEEEY THI FISLLENEKEADDNDHEF

that were specific to Iranian HTLV-1 samples,
highlighted with gray boxes. Furthermore, we
detected mutations that were specific to ACs
groups, noted with red boxes. Moreover
HAM/TSP isolates showed unique mutations
specific to them, shown with blue boxes (Fig. 2).
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Fig. 2: Mutational analysis of the amino acid .seque-r-lce of the Tranian HTLV-1 isolates v.Jith.r-e.spe(-:-t- to the Japanese isolate

Table 2: Mutational signatures found in the ACs and HAM/TSP sequences

‘ Isolate Total
3001-FTax (ACs) 10
3002-FTax (ACs) 13
3003-FTax (ACs) 18
3004-FTax (ACs) 11
4001-FTax (HAM/TSP) 11
4002-FTax (HAM/TSP) 13
4003-FTax (HAM/TSP) 11
4004-FTax (HAM/TSP) 12
4005-FTax (HAM/TSP) 6
4006-FTax (HAM/TSP) 12
4007-FTax (HAM/TSP) 10
4008-FTax (HAM/TSP) 1
4009-FTax (HAM/TSP) 11
Total 149
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S.M NS.M Ratio  Type |
5 5 1 Positive
4 9 2.25 Positive
7 11 1.57 Positive
4 7 1.75 Positive
5 6 1.2 Positive
5 8 1.6 Positive
5 6 1.2 Positive
5 7 1.4 Positive
1 5 5 Positive
4 8 2 Positive
4 6 1.5 Positive
4 7 1.75 Positive
4 7 1.75 Positive
57 92 1.61 Positive
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Discussion

In this study, the Tax segment was used to screen
the phylogenetic tree, since there were reports
that the Tax segment has undergone mutations
that can affect the function of the coded protein.
Moreover, Tax proteins can alter the functions of
regulatory proteins via direct interactions and
play and important role in replicating infected T
cells continuously and uncontrollably, preventing
DNA repair by affecting topoisomerase-I func-
tion, and regulating different cellular genes for
overexpression. Therefore, Tax has an important
impact on the process of cancer (20).
Phylogenetic analysis of this study revealed that
all Iranian isolates were clustered as the Trans-
continental (A) subgroup of the Cosmopolitan (a)
subtype. Similarly, all the Iranian HTLV isolates
were in genotype -la (19, 21). Additionally, Japa-
nese HTLV-1a was observed as the most similar
sequence to Iranian isolates, suggesting that Ira-
nian HTLV-la may have originated from this
endemic area (22). There are hypotheses that
suggest how this virus was transmitted to Iran via
pilgrims and travelers to the holy Muslim shrine,
wars with attacking groups like Mongols, trade
and Silk Road and African slaves (8, 23-25). The
fact that Japanese sequences are more similar to
Iranian may support the idea that the Silk Road
and wars from the East are more probable to
transmit the virus to Iran. Iran. Moreover, the
Silk Road improved economic relations between
countries, but it also caused the spread of diseas-
es such as plague, smallpox, and HTLV-1 (20).
The age of HLTV dates back to 700 years ago
(15), suggesting that pilgrimages to the holy Mus-
lim shrine can have a lower impact on transmis-
sion.

This study conducted mutational analysis on col-
lected samples that revealed all the samples were
under the pressure of positive selection with re-
spect to the Japanese isolates. From 149 nucleo-
tide acid mutations, 92 were nonsynonymous and

57 were observed to be synonymous, resulting in
NSM . o . .

a — - ratio of 1.61, indicating positive selection.

The mutational analysis also provided infor-
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mation about mutations specific to the Iranian
subtype. Iranian-specific mutations were ob-
served at positions 51, 82, 109, 172, 232, and 339
in the amino acid sequence. Additionally, an
ACs-specific mutation was detected at position
22 with a change from D to N. Furthermore, a
mutation unique to the HAM/TSP sequence was
found at position 146, with a change from L to L
These differences in mutation patterns between
ACs and HAM/TSP may warrant further com-
prehensive analysis to investigate differences be-
tween active Tax proteins in these two groups.

Conclusion

We used 9 HAM/TSP and 4 ACs samples of the
Tax segment of HTLV-1 for our comparative
analysis. Both phylogenetic and mutational anal-
yses were implemented to investigate the differ-
ence of these two groups based on the Tax pro-
tein. The results of the phylogenetic analysis illus-
trated that all of the Iranian HAM/TSP and ACs
isolates belonged to the HTLV-1 subtype A. Fur-
thermore, we found Japanese isolates as the most
similar isolates to Iranian HTLV-1. Based on the
amino acid sequence, all of the Iranian Tax pro-
teins are under positive selection pressure with
respect to Japanese isolates. Interestingly, we de-
tect specific mutation patterns in the sequences.
Positions 51, 82, 109, 172, 232, and 339 in the aa
sequence have undergone mutations specific to
Iranian HTLV-1; and in positions 22 and 146 aa
we detected mutations unique to ACs and
HAM/TSP, respectively.
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