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Abstract
Background: Human T-lymphotropic virus type 1 (HTLI"-7) is considered a health issue in Iran. However, its
genetic diversity and molecular epidemiologic phylogeny remain pootly characterized.
Methods: The Tax gene of 9 asymptomatic individuals across Alborz, Gilan, and Ardabil provinces of Iran was
sequenced and analyzed phylogenetically using MEGA-X.
Results: All strains clustered within the Cosmopolitan subtype a, showing high genetic similarity to Japanese
and Chinese teferences. Positive selection (AN/dS > 1) was observed in all samples. Strikingly, the Alborz
ISO32 strain exhibited 10 unique nonsynonymous mutations, suggesting regional evolutionary divergence.
Conclusion: This study, as the first multi-provincial study in Iran, reveals the essential requirement for system-
atic tracking of HTT.1-7 genetic diversity and designing prevention programs tailored to each region.

Qeywords: Tax; Phylogenetic; Mutation, Genetics; Iran J

Introduction

HTI1"-1 is a member of the delta retrovirus ge- 1-associated myelopathy/Tropical spastic Parapare-
nus (1). HTLL’-1 is the cause of cancers such as sis (HAM/'TSP) (3). HTL1/-1 affects roughly 10-
Adult T cell leukemia/lymphoma (ATL) (2). It is 20 million people globally, mainly in tropical and
also linked to inflammatory diseases like HTT.1"- subtropical areas (4, 5). The virus is common in
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several countries, including Japan, the Caribbean,
South America, Africa, and parts of Asia (4-0). It
spreads through breastfeeding, mother-to-child
transmission, contaminated blood products, and
sexual contact (7, 8).

The virus has a single-stranded RNA genome.
The HTL.1”-1 genome consists of approximately
9 kb of RNA, which is flanked by long terminal
repeats (LTRs) (6). According to phylogenetic
analysis based on the LTR and Tax sequences,
seven subtypes (a-g) of HTIL.1"-7 have been iden-
tified. Subtypes include cosmopolitan (a), African
(b, d, e, f), and Melanesian (c) (8, 9). Interestingly,
no clear link has been found between specific
subtypes and disease severity, such as ATL or
HAM/TSP (10).

The Tax gene encodes a nuclear phosphoprotein
(Tax) that plays a pivotal role in viral replication
and pathogenesis. Through its interaction with
cellular transcription factors and signaling path-
ways, Tax initiates viral gene transcription (11).
Moreover, it regulates the expression of host
genes linked to cell growth, programmed cell
death, and immune reactions, propelling HTT.1"-
7-driven cancer development and inflaimmation
(11). With its pivotal role, the Tax gene stands as
a top focus for phylogenetic and mutational re-
search. Despite its importance, most phylogenetic
studies in Iran have focused on the LTR region,
with limited data available on the Tax gene. This
gap is particularly notable in studies of asympto-
matic carriers, who constitute a critical reservoir
for HTLV-1 transmission. Probing the Tax gene
in these carriers might yield an understanding of
viral evolution, selection pressures, and potential
immune evasion strategies.
In Iran, HTT.1”-7 presents unique epidemiologi-
cal challenges; the prevalence of HTI.I"-7 varies
significantly across different regions. For in-
stance, the seroprevalence in Mashhad, an en-
demic area, is 2.12%, while in Alborz Province, it
is as low as 0.13% (12, 13). These regional differ-
ences highlight the need for detailed investiga-
tions to elucidate HTL.I"-7’s epidemiological pat-
terns in Iran. Notably, phylogenetic analyses of
Iranian strains reveal that subtype a predominates
and exhibits strong genetic ties to isolates from
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Japan and China, suggesting that HTT.1"-7 likely
arrived in Iran through ancient trade routes like
the Silk Road (13-10).

Despite these insights, four key limitations
emerge in current HTT.17-7 research. First, inad-
equate characterization of asymptomatic carriers'
epidemiological role. Second, insufficient Tax
gene sequence data despite its regulatory im-
portance, and third, lack of comprehensive stud-
ies linking genetic variations to phenotypic con-
sequences in viral pathogenicity and transmission
and Notably, previous studies, except those in
Alborz and Tehran (13, 14) have not examine
positive and negative selection pressures — a gap
our study fills by being the first to systematically
assess these evolutionary forces across multiple
provinces. Fourth, given the clonal growth of
HTI1-1, different regions and provinces may
exhibit distinct viral attributes and mutations.
Broad sampling across multiple Iranian provinces
is essential to address this.

While Babakhani et al. compared asymptomatic
carriers with HAM/'TSP patients (14), out study
was designed to focus exclusively on asympto-
matic individuals, who represent the majority of
HTI1"-1—infected cases and the main source of
silent transmission. In addition, our samples were
collected from three provinces of Iran, which
allowed us to capture regional genetic diversity
and identify a unique Alborz ISO32 strain.
Moreover, whereas recent Babakhani’s publica-
tion entitled Phylogenetic and mutational analysis
of the Tax Gene in the Human T-Lymphotropic
Virus 1-Associated HAM/TSP in compatison
with asymptomatic carriers (14) emphasized clini-
cal comparisons, our study advances the molecu-
lar epidemiology of asymptomatic carriers across
multiple regions, providing complementary and
novel insights.

Besides, past studies have focused narrowly on
areas like Alborz Province or Mashhad city, leav-
ing a notable knowledge gap (13-15). We aimed
to tackle this gap by studying samples from Al-
borz, Gilan, and Ardabil provinces.
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Materials and Methods

Ethics Statement

The protocol of this study was approved by the
institutional review board (IRB) of the Tehran
University of Medical Sciences, Tehran, Iran
(Ethics code No: IR. TUMs. SPH. REC.
1401.285).

Blood sample collection

In 2022, the blood samples of 75 people were
collected from healthy individuals who were car-
riers of the human T-lymphotropic Type 1 virus
(HTLV-7). The samples were collected from
people who were referred for blood donation to
the Tehran Blood Transfusion Organization. All
enrolled subjects were rigorously screened and
found to be asymptomatic for both ATL and
HAM/TSP, with negative results on all clinical
diagnostic measures. Primarily, the blood samples
were collected by the Tehran Blood Transfusion
Organization and screened to confirm that they
are ACs (asymptomatic carriers). HTT.1-7 infec-
tion in all collected blood samples was confirmed
by Enzyme-linked immunosorbent assay (ELISA,
DiaPro-Italy).

PBMCs Isolation and DNA Extraction:

PBMCs (Peripheral blood mononuclear cells)
were isolated from all samples using Ficoll gradi-
ent medium. DNA was extracted from PBMCs
using a commercial kit (ROJE Technologies,
Iran). After extraction, the DNA was stored in a
freezer at -20 °C until the PCR test started. We
used Primers for Partial . TR (PLLTR) and Partial
HBZ (PHBZ) for infection confirmation, and
Full Tax (FTax) for sequencing (14). The PLTR
and PHBZ regions were amplified using a T100
thermocycler (Biorad, USA). For the PLTR re-
gion, the amplification protocol began with an
initial denaturation at 94 °C for 4 min, followed
by 45 cycles consisting of denaturation at 95 °C
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for 40 seconds, annealing at 62 °C for 40 sec-
onds, and extension at 72 °C for 30 seconds. A
final extension step was performed at 72 °C for 5
min, after which the samples were held at 4 °C
for 2 min.

For the PHBZ region amplification, similar con-
ditions were applied with slight modifications: the
annealing temperature was reduced to 60 °C, and
the extension time was shortened to 30 seconds
during each cycle, while maintaining the same
number of cycles and other parameters as the
PLTR protocol. The final extension and holding
conditions remained identical to those used for
PLTR amplification.

The 1062 bp Tax region was amplified using spe-
cific primers (14). The PCR conditions involved
an initial denaturation at 94 °C for 4 min, fol-
lowed by 45 cycles of denaturation (95 °C for 40
seconds), annealing (58 °C for 35 seconds), and
extension (72 °C for 80 seconds), with a final ex-
tension at 72 °C for 5 min and storage at 4 °C for
2 min.

Following amplification, the Tax gene products
were submitted to the Codon Institute for auto-
mated Sanger sequencing. The obtained sequenc-
es underwent verification through NCBI BLAST
analysis. For sequence analysis, we utilized the
BioEdit software package.

Population selection for sequencing and phylo-
genetic step

A total of 75 asymptomatic HTLI-7 carriers
from 3 endemic regions of Iran (Ardabil, Gilan,
Alborz, Tabriz, and Shiraz) were included. Even-
tually, 9 samples were enrolled in this study for
sequencing and phylogenetic analysis and were
compared to 17 others from different regions
and subtypes around the world. 5 samples from
Gilan province and 2 samples from each Ardabil
and Alborz provinces alone. Three of them were
female (33.33%), and the mean age of all was
44.42 years (Table 1).
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Table 1: Demographic characteristics of HTT.I"-7 isolates, including province of origin, sex, and age of the carriers
(Ardabil, Gilan, and Alborz provinces)

Isolate Name
2 Ardabil
4 Gilan
14 Gilan
17 Gilan
19 Gilan
27 Alborz
32 Albotz
38 Gilan
Al Axrdabil

Bioinformatics & Phylogenetic Analysis
Forward and reverse primers binding and multi-
ple sequence alignment were performed using the
ClustalW algorithm in BioEdit V7.2.9, followed
by manual refinement to ensure accurate posi-
tioning of indels and conserved regions relative
to the Japanese reference strain (AB979451).
Phylogenetic trees were constructed using
MEGA-X version 10.0.5 with the Maximum
Likelithood (ML) method under the Kimura two-
parameter substitution model. Bootstrap analysis
with 1000 replicates was conducted to assess
nodal support.

Mutational analysis
For evolutionary analysis, a multiple sequence
alighment was generated using ClustalW imple-

Province

Sex Age(yr)
Male 47
Male 44

Female 58
Male 20
Female 52
Male 55
Male 37
Male 29
Female 38

mented in BioEdit. Nucleotide and amino acid
substitutions were identified relative to the Japa-
nese prototype strain (AB979451). Selection
pressure analysis was performed by calculating
the ratio of nonsynonymous to synonymous sub-
stitutions (dN/dS). Positive and negative selec-
tion were determined with statistical significance
thresholds of P < 0.05.

Results

Genetic Diversity

Comparative genomic analysis revealed 38 varia-
ble positions, of which 21 exhibited amino acid-
altering (nonsynonymous) substitutions (Table 2).

Table 2: Mutation profile of HTL.1"-7 isolates from Ardabil, Gilan, and Alborz provinces compared with the
NC_001436.1 USA reference genome. All isolates showed amino acid substitutions without synonymous mutations,
and all tested positive

NC 001436.1 USA Total Mutation
Iso 2(2) Ardabil 8
Iso 4(4) Gilan 7
Iso 14(10) Gilan 10
Iso 17(12) Gilan 7
Iso 19(13) Gilan 8
Iso 27(21) Alborz 7
Iso 32(25) Alborz 15
Iso 38(30) Gilan 6
Iso A1(1) Ardabil 7
Total 75
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0 8 8 Pos
0 7 7 Pos
0 10 10 Pos
0 7 7 Pos
0 8 8 Pos
0 7 7 Pos
0 15 15 Pos
0 6 6 Pos
0 7 7 Pos
0 75 75 Pos
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Phylogenetic Analysis

As depicted in the cladogram Fig. 1, all Iranian
strains were clustered into a subtype of the cos-
mopolitan clade. Pronouncedly, the entire se-
quence collection established a clearly independ-
ent subclade grouping with a Japanese strain.

Furthermore, there was not any specific differ-
ence between individual samples from different
regions. It is noteworthy that Substantial genetic
and evolutionary divergence was observed be-
tween Iranian and African sequences.

Iso 2(2) HTLV-1 Full Tax Ardabil
Iso 19(13) HTLV-1 Full Tax Gilan
Iso 14(10) HTLV-1 Full Tax Gilan
Iso 32(25) HTLV-1 Full Tax Alborz
Iso 17(12) HTLV-1 Full Tax Gilan
Iso A1(1) HTLWV-1 Full Tax Ardabil
Iso 27(21) HTLV-1 Full Tax Alborz
Iso 4(4) HTLV-1 Full Tax Gilan

Iso 38(30) HTLV-1 Full Tax Gilan
LC192506.1-HTLV-1a-Tax Japan
LC1838721-HTLV-1a Tax Japan
KY0O07264.1-HTLV-1a Tax Brazil
AF259264.1-HTLV-1a Tax China
KCB807984.1-HTLV 1a Tax China

32 HQB06137.1-HTLV-1a Tax Canada

29 L
F0

93
e
9

HQG06138.1 -HTLV 1a Tax Canada
AF042071.1-HTLV-1a Tax Germany
|_ NC 001436.1 HTLV 1a USA Tax

I—l: MN7E81154.1-HTLV-1a Tax Africa

1 MN7E81152.1-HTLV-1a Tax Africa

1  JX507077.1-HTLV-1b Tax central Africa
’_If M67514.1 HTLV 1b Africa Tax
KU214243.1-HTLV-1e Tax USA

I_[ KF242505.1-HTLV-1c Tax Australia
93 L KF242506.1-HTLV-1c Tax Australia
B NC001488.1-HTLV-2 Tax USA

Fig. 1: Maximum likelihood phylogenetic tree of HTLV-1 full Tax sequences isolated from different provinces of
Iran (Ardabil, Gilan, and Alborz) compared with reference sequences from Japan, Brazil, China, Canada, Germany,
USA, Africa, and Australia. Bootstrap values (=70%) are shown at the nodes. Iranian isolates are highlighted in red,

while reference sequences from other regions are indicated in black; HTLV-2 is included as an outgroup (green)

2768

Available at:  http://ijph.tums.ac.ir




Noori et al.: Phylogenetic and Mutational Analysis of the Tax Gene in the Human ...

Selection Pressure

The amino acid sequences of the Tux gene
showed marked adaptive evolution, with all Irani-
an isolates undergoing significant positive selec-
tion relative to US counterparts (NC_001436.1
USA). Table 2 enumerates both silent (synony-
mous) and replacement (nonsynonymous) muta-
tions. Our analysis identified seven Iran-specific

10
1 st 520 ki il s sl s mndl @i sup il s Gd-s e @

20 30 40

nonsynonymous mutations when compared to
the American reference strain (Fig. 2). Notably,
sample is032 from Alborz province exhibited the
highest mutation burden (15 total mutations),
including ten unique variants. Interestingly, this
isolate lacked two of the characteristic Iran-
specific mutations observed in other samples.
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Fig. 2: Alignment of HTL.1"-7 isolates from Ardabil, Gilan, and Alborz provinces against the NC_001436.1 USA
reference. Amino acid substitutions are highlighted, showing variation across isolates with no synonymous mutations

detected.

Discussion

This study provides novel insights into the mo-
lecular epidemiology of HTL.1”-7 in Iran, estab-
lishing that Cosmopolitan subtype a is widely
present, with marked evolutionary adaptations in
the Tax gene and unique mutations in the Alborz
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ISO32 strain. Here, we discuss how these find-
ings relate to regional infection patterns, evolu-
tionary shifts, genetic ties, and their potential im-
pact on public health planning.

Two Studies (16) and (13) in Tehran and Alborz,
combined with our work in Gilan and Ardabil,
consistently find Cosmopolitan subtype A strains
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closely linked to those from Japan and China (13,
14, 16). Our results support the hypothesis of
historical transmission of this virus along the Silk
Road—a crucial route for trade and the spread of
pathogens such as HTL.1"-7 (17). The connection
to Mongol and Afghan invasions before the 15th
century, particularly through Iran’s northeastern
borders, is in favor of this issue (18). Although
the African slave trade has been suggested as an-
other route, our phylogenetic data show clear ge-
netic differences between Iranian and African
strains, rendering this hypothesis less plausible
(19).

Our results align with Babakhani et al.’s findings
(14), but differ from Safavi et al.’s report, which
observed positive selection in just 3 of 19 Tax
sequences (13). This contrast might suggest that
Tax develops to escape from the host immune
system, while negative selection maintains the
LTR sequence.

The Alborz ISO32 isolate exhibited distinct char-
acteristics, revealing 10 unique nonsynonymous
mutations, and missing two mutations typically
seen in other Iranian strains. Still, phylogenetic
analysis groups it with other Iranian isolates, sug-
gesting elevated mutation rates in the Tax gene.
These observations stress the need for continued
surveillance and detailed molecular studies of
HTILI-1 strains across various Iranian popula-
tions.

HTI1"-1 exhibits clear geographical distribution
patterns, with asymptomatic carriers primarily
located in endemic regions. Infection rates vary
from 3-5% in the Caribbean to over 10% in
southern Japan (20). The Middle East, especially
Iran and Kuwait, stands as a significant endemic
hub (15, 21). In northeastern Iran, prevalence
reaches about 4% (15), whereas other provinces
show much lower rates: Ardabil (0.01%) (22),
Alborz (0.057%), and Gilan (0.024%) (23). This
variation in prevalence reinforces the clonal ex-
pansion pattern typical of HTT.17-7.

The Tax oncoprotein is crucial to HTLV-1 path-
ogenesis, driving processes like NF-xB activation,
cell cycle interference, genomic instability, and
immune modulation (24). Examining Tax se-
quences through phylogenetic analysis offers val-
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uable perspectives on viral evolution and leuke-
mogenic risks, especially in asymptomatic carri-
ers. Furukawa et al. (2000) showed a key classifi-
cation system by grouping Tax sequences into
subgroups A and B, observing that Tax A is
more common among HAM/TSP patients than
asymptomatic carriers (25). This observation in-
dicates a potential association between certain
Tax mutations and disease progression. Further
studies are needed to confirm this initial observa-
tion.

The major challenge and limitation we faced in
this survey was access to biological samples. Af-
ter multiple formal communications, we were
able to obtain the required samples from the
Tehran Blood Transfusion Organization. How-
ever, the number of available samples was lim-
ited, which imposed significant constraints on the
experimental procedures. To address this, all la-
boratory tests were performed with maximum
care to ensure that no samples were wasted and
that reliable tesults could still be obtained.
However, we recommend further study with de-
sirable samples to access more reliable infor-
mation in this field.

Conclusion

This study provides important insights about the
molecular epidemiology of HTLI-7 in Iran by
phylogenetic study based on Tax gene mutations
in Acs and is the first conducted in multiple
provinces. Results confirm that Cosmopolitan
subtype a is dominant in the studied provinces.
All samples were under positive selection pres-
sure which suggests adaptive evolution of the
virus under the pressure of the host immune sys-
tem. Strikingly, the sample ISO32 from Alborz
province had 10 distinct mutations and lacked
two prevalent mutations which shows its differ-
ent evolutionary pattern. It demonstrates the im-
portance of persistent observation of HTLI-1
genetic diversity in different parts of Iran to iden-
tify new mutations and to design prevention pro-
grams proportional to the diversity in Iran. De-
spite of the small sample size, this study is a
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stride to understand the genetic diversity of
HTIL1-1 in Iran.
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