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Introdução: O HTLV-1 é um patógeno distribuído globalmente, afetando cerca de 5 a 10 milhões de pessoas. Estima-se que no Brasil existem 800 mil pessoas vivendo com o vírus, o que o caracteriza como um dos países com maior número absoluto de casos. No Brasil, as regiões Norte e Nordeste são as mais afetadas pelo vírus. A infecção pelo HTLV-1 pode levar ao desenvolvimento de doenças como ATLL, HAM/TSP e IDH. O genoma do HTLV-1 possui genes estruturais e uma região responsável pela codificação de proteínas acessórias e regulatórias, importantes para o estabelecimento, disseminação e ação do vírus. O sequenciamento pode elucidar fatores desse vírus que influenciam a propagação e o desenvolvimento de manifestações clínicas associadas ao HTLV-1. Objetivo: O objetivo principal deste trabalho é avaliar o papel das mutações no genoma do HTLV-1 e sua possível associação com o desenvolvimento das doenças associadas ao vírus. Material e Métodos: Estudo de corte transversal, com amostras de indivíduos infectados pelo HTLV-1, que foram sequenciadas para identificação de mutações nas regiões LTR e hbz do genoma do vírus. Além disso, duas revisões sistemáticas foram realizadas seguindo as instruções do PRISMA para aprofundamento e revisão das áreas de estudo. Resultados: Foram observadas duas mutações, V15M e R119Q, na região de hbz, sendo a V15M observada exclusivamente em pacientes HAM/TSP, enquanto R119Q aparenta ser um fator de proteção para o desenvolvimento de doença. Em LTR foram encontradas mutações que levaram ao surgimento ou deleção de sítios de ligação de fatores de transcrição. Além disso, foram encontrados pela revisão sistemática quatro trabalhos que relacionaram mutações em env e ORF-1 com o desenvolvimento de alguma forma clínica. Em relação ao estudo de sequenciamento, a metodologia Sanger é mais utilizada para o estudo do HTLV-1. Conclusões: Foi possível observar a presença de mutações relacionadas ao desenvolvimento de HAM/TSP, como C39Y, P45L, S69G, P86S e R88K (ORF-I), S72G e N93D (gp46) e V15M e R119Q (HBZ). Também foram observadas alterações nos sítios de ligação de fatores de transcrição, que podem estar relacionadas a um desequilíbrio de produção e expressão de genes virais. Além disso, foi possível observar que apesar dos avanços nas tecnologias de sequenciamento, os estudos de HTLV-1 ainda trabalham com a primeira geração de sequenciamento, o Sanger.
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Molecular Characterization of HTLV-1: impact on the development of associated diseases
Background: HTLV-1 is a globally distributed pathogen that affects approximately 5 to 10 million people. It is estimated that Brazil has about 800,000 people living with the virus, which characterizes it as one of the countries with the highest absolute number of cases. In Brazil, the North and Northeast regions are the most affected by the virus. HTLV-1 infection can lead to the development of diseases such as ATLL, HAM/TSP and IDH. The HTLV-1 genome has structural genes and a region responsible for encoding accessory and regulatory proteins, important for the establishment, dissemination, and action of the virus. The sequencing of this genome can elucidate factors of this virus that influence the spread and development of clinical manifestations associated with HTLV-1. Objective: The main objective of this work is to evaluate the role of mutations in the HTLV-1 genome and its possible association with the development of HTLV-1-associated diseases. Methods: Cross-sectional study, with samples from individuals infected with HTLV-1, which were sequenced to identify mutations in the LTR and hbz regions of the virus genome. In addition, two systematic reviews were performed following the PRISMA instructions for deepening and reviewing the study areas. Results: Two mutations, V15M and R119Q, were observed in the hbz region, with V15M observed exclusively in HAM/TSP patients, while R119Q appears to be a protective factor for the development of the disease. In LTR, mutations were found that led to the appearance or deletion of transcription factor binding sites. In addition, one of the systematic reviews found four studies that associated mutations in env and ORF-1 with the development of some clinical form. Regarding the sequencing study, the Sanger methodology is more used for the study of HTLV-1. Conclusions: It was possible to observe the presence of mutations related to the development of HAM/TSP, such as C39Y, P45L, S69G, P86S and R88K (ORF-I), S72G and N93D (gp46) and V15M and R119Q (HBZ). Alterations in transcription factor binding sites were also observed, which may be related to an imbalance in the production and expression of viral genes. In addition, it was possible to observe that despite advances in sequencing technologies, HTLV-1 studies still work with the first generation of sequencing, Sanger.
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ARTIGO 1 - “Molecular characterization of HTLV-1 genomic region hbz from patients with different clinical conditions”. (doi: 10.1002/jmv.27005)
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FIGURE 1 HBZ amino acid sequence, mutations, and protein domains. (A) HBZ amino acid sequences. Reference HBZ sequence (ATK1—J02029) on top and mutated HBZ sequence below. The amino acid mutations are highlighted in bold. (B) Location of the amino acid mutations (black line) in regard to the HBZ molecular domain structure. The striped region corresponds to the activation domain, the white corresponds to the central domain, where the basic region 1 is contained (dark gray) and the light gray is the bzip domain.

TABLE 1 Variant frequency of hbz mutations and comparison of frequencies between AC and HAM/TSP, ATLL, and IDH
Note: In bold are the values with statistical support 
Abbreviations: AA, amino acid; AC, asymptomatic; ATLL, adult T‐cell leukemia/lymphoma; HAM/TSP: HTLV‐1‐associated myelopathy/tropical spastic paraparesis; IDH, infective dermatitis associated with HTLV‐1.
aBased on ATK1 (J02029.1).
bStatistical difference (p‐value < 0.05) between all groups calculated by χ2 test and statistical correction by Bonferroni method.
cStatistic difference (p‐value < 0.05) between AC and disease (HAM/TSP and ATLL) calculated by Fisher's exact test and statistical correction by Bonferroni method.
dCould not calculate; n: corresponds to the total number of analyzed sequences in each study group. The relative frequency of each mutation represents the proportion of mutated sequences in a total number of sequences in the nucleotide position.



TABLE 2 Physicochemical alterations according to HBZ amino acid change
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Genotipagem e identificação de mutações em LTR de amostras do Centro de Atendimento ao Indivíduo com HTLV-1 (CHTLV) 

Figura 1. Árvore de Máxima Verossimilhança enraizada do HTLV-1. Árvore filogenética de Máxima Verossimilhança do HTLV-1 baseada na região LTR com 760pb contendo   14 novas sequências (nomes em negrito) e 36 sequências referências. Sequência L02534 (Isolado Mel 5) foi usada como grupo externo para enraizar a árvore.

[bookmark: _Ref121996197]Tabela 2 Frequência das modificações dos sítios de ligação dos fatores de transcrição, causadas pelas mutações em seis sequências de LTR do CHTLV.
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ARTIGO 2 - “Mapping variants in HTLV-1 genome to analyze their impacts on the HAM/TSP development: a systematic review”.

Table 1. Summary of the information collected on the eleven included studies. In bold, the HTLV-1 mutations possibly associated with HAM/TSP development are highlighted.
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Figure 1. Flow diagram of the systematic selection.
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[bookmark: _Hlk122989027]Figure 2. HTLV-1 non-synonymous mutations possibly associated with HAM/TSP development.

ARTIGO 3 - “An overview of sequencing technology platforms applied to HTLV‑1 studies: a systematic review”. (doi: 10.1007/s00705-021-05204-w)
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Fig. 1 Flow diagram for the systematic selection of studies to review.



















Table 1 Summary of information collected from the 62 selected studies, including sample origin, sequencing methodology, equipment, and number of sequences generated.






























aABI, Applied Biosystems; NA, not available; *, sequence region not described. Total for each instrument used: ABI 377/377A DNA Sequencer,12; ABI 3100 Genetic Analyzer, 10; ABI PRISM 310 Genetic Analyzer, 6; ABI 373 DNA sequencer, 4; Hitachi Fluorescent DNA sequencer SQ-5500, 3; ABI 3730 Sequencer, 3; ABI 3130/3130xl genetic analyzer, 3; ABI PRISM automatic sequencer, 3; Automated DNA sequencer, 2; ABI 1373 Automated DNA Sequencer, 2; Illumina MiSeq, 2; ABI Prism 3700, 1; Fmol DNA sequencing system (Promega), 1; Ion 318™ Chip PGM, 1; ABI PRISM 3740 Genetic Analyzer, 1; Illumina NextSeq, 1; Ceq2000 sequencer, 1; Automatic sequencing system (Euro Sequence Gene Services), 1; Genome Lab Dye Terminator Cycle Sequence 1.
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Fig. 2 Numbers of sequences generated for each region of the HTLV-1 genome.
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Fig. 3 Geographic origin of HTLV-1 sequences and methodology used for sequence generation.
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Fig. 4 Number of HTLV-1 sequences generated between 2000 and 2020.
image7.jpeg
B HTLV-12A
B HTLV-1 2B
B HTLV-1 aE
[ HTLV-1aD
I HTLV-1aC
B HTLV-1 b
W HTLV-14
W uTLV-1e
W HTLV-1 ¢




image6.emf
Posição da Mutação Mudança TFBS (TFSCAN) Mudança do TFBS CHTLV (n=6)

178 G 



 A TFIID (173-178) Adição 1/5

275 T 



 C ATF (270-275) Deleção 1/6

331 C 



 T gammaCAC2 (227-331) Deleção 1/6

331 C 



 T CACCC-binding factor (327-331) Deleção 1/6

331 C 



 T CACCC-binding factor (331-335) Deleção 1/6

418 G 



 A Sp1 (418-424) Deleção 1/6

418 G 



 A ER (418-424) Adição 1/6

475 C 



 T CACCC-binding factor (472-476) Adição 1/6

477 C 



 T C-Est-2 (477-482) Adição 1/6

TFBS: transcription factors binding sites (sítios de ligação de fatores de transcrição).


image7.png
Genomic

Authors, Geographic Study Population Sequencing resion Mutations found in
Year region (HAM/TSP/*AC) method sit HAM/TSP patients
studied
Mota- ) ) .
Miranda et Brazil 5/5 Sanger gp46 F145; N42H; 572G;
V2471
al. 2013a
Mota- gp2l: Y477TH
Miranda et Brazil 4/6 Sanger gpilb and HBZ: S9P; T95I;
al. 2013b “ R112C
Brunetto et Digital **8 point mutations in
al. 2014 USA 25/4 droplet PCR tax and gag tax and 1 in gag
Canépa et al. : LTR: T8522C,
2015 Argentina 21/27 Sanger LTR G8545A, A8403G
Caribbean F3L; S23P; D26N;
Barreto et al France Nor,th G295; P34L; CI9KR;
2016 ) Americei Africa 70/86 Sanger ORF-1 L40F; P45L; F61L;
and B,razil S63P; L66P; S69G;
R83C; R88K; P91S;
pol: Q323H
env: F19L; H137Q
pl2: P23S
Nolz‘ggf‘f’ Japan 122/89 Illumina C‘:;‘grﬁe p30: L27R; D140G:;
ar. & A149T
tax: A221V; S304N
HBZ: S13P
Socorro de
Almeida : S72G; L70I; S103P;
Viana et al. Brazil 7/12 Sanger gp46 NO3D
2018
Borba ef al C39Y; P86S; P34L;
' Brazil 6/14 Sanger ORF-1 G298, F61L; S63P;
2019
S91P
pro. G201D
tax: D264G
. pol: Q446R
Aralzljool St al. Brazil 10/9 Ion Torrent C(:;lgrlie gag: T106I
& opd6: P92S; V2471
p30: R37C
LTR: A125G; G174A
Gomes et al. : tax and LTR: A125G; G174A
2021 Brazil 45/29 Sanger LTR tax: A221V: S304N
Cucco et al. : P65L, 1164V V15M;
2021 Brazil 13/2 Sanger HBZ K184R: R119Q





image8.tiff
( mexmmEICATION )

)

SCREENING

Records identified through database
searching (n =539)

PMC = (323)
Embase = (146)
PubMed = (54)
SciELO =(12)

Lilacs = (4)

Records removed before
screening.

Records duplicates
@=132)

Records after duplicates removed
(0 =407)

Records screened
(n=407)

l

Records exchided
(n =394)

Reports sought for retrieval
@=0)

Reports not retrieved

@=0)

INCLUDED

Full-text articles assessed for eligibility
®=13)

Full-text articles excluded,
with reasons

Articles that only address gene
expression (n=2)

Studies included in qualitative synthesis

@=11)





image9.tiff
[ JER#:

SLIR

7 g
Bl





image10.jpeg
3040

F. de Oliveira Andrade et al.

ELIGIBILITY SCREENING [ mENTIFICATION |

(

)

INCLUDED

)

Fig.1 Flow diagram for the systematic selection of studies to review

4 Springer

Records identified through database

searching (n =574)

PubMed = (350)
Embase = (213)
SELO = (1)
Lilacs = (10)

Records after duplicates removed

(n =509)

Records duplicates
(n =65)

Records screened
(n =509)

Records excluded
(n =404)

Full-text articles assessed for eligibility

(n =105)

Studies included in
qualitative synthesis
n =62

Full-text articles excluded,
with reasons (n=43)

Not specifying the sequencing
method (13)
Did not generate HTLV-1
sequences (13)
Model studies in
non-humans (5)
Did not specify number of
generated sequences (4)
Cell line sequences (8)





image11.jpeg
3042 F. deOliveira Andrade et al.

Table 1 (continucd)

Reference  Sample origin Sequencing methodology Equipment No. of
sequences
generated

1661 Brazil Sanger ABI 3100 genetic analyzer 18

1671 Cuba Sanger Genome Lab Dye Terminator Cycle Sequence 12

1781 Brazil Tllumina Illumina MiSeq System 90

1681 Brazil Sanger ABI 1373 Automated DNA Sequencer 14

1751 Brazil Sanger and Ton Torrent  ABI 3130x] Genetic Analyzer / Ton 314TM Chip 8-pack 2

1691 Tran Sanger ABI 3730 Sequencer 2

1701 Brazil Sanger ABI PRISM 310 Genetic Analyzer

7 Japan and Brazil Sanger ABI PRISM 3740 Genetic Analyzer 14

721 Brazil Sanger ABI PRISM 3100 Genetic Analyzer 2

121 Japan Illumina Illumina MiSeq or NextSeq 98

1731 Tran Sanger NA 5

1791 Brazil Ton Torrent Ton 318™ Chip PGM 31

[74] Brazil Sanger ABI 3130 Genetic Analyzer 132

1761 Brazil Sanger ABI 3100 Genetic Analyzer 21

[ Brazil and Japan Sanger ABI 1373 Sequencer %

*ABI, Applied Biosystems; NA, not available; *, sequence region not described. Total for each instrument used: ABI 377/377A DNA Sequencer,
12; ABI 3100 Genetic Analyzer, 10; ABI PRISM 310 Genetic Analyzer. 6: ABI 373 DNA sequencer, 4: Hitachi Fluorescent DNA sequencer
5Q-5500, 3; ABI 3730 Sequencer, 3: ABI 3130/3130x] genetic analyzer, 3; ABI PRISM automatic sequencer, 3; Automated DNA sequencer, 2:
ABI 1373 Automated DNA Sequencer. 2; Illumina MiSeq, 2: ABI Prism 3700, 1; Fmol DNA sequencing system (Promega). 1; Ton 318™ Chip
PGM. 1; ABI PRISM 3740 Genetic Analyzer, 1: Tllumina NextSeq, 1; Ceq2000 sequencer, 1; Automatic sequencing system (Euro Sequence
Gene Services), 1: Genome Lab Dye Terminator Cycle Sequence 1
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Table 1 Summary of information collected from the 62 selected studies. including sample origin. sequencing methodology. equipment, and
number of sequences generated

Reference  Sample origin Sequencing methodology Equipment No. of
sequences
generated

191 NA® Sanger ABF 377A DNA sequencer 218

120] NA Sanger Hitachi Fluorescent DNA sequencer SQ-5500 39

21 NA Sanger Hitachi Fluorescent DNA sequencer SQ-5500 64

221 France and UK Sanger ABI 373 automatic DNA sequencer 17

1231 Chile Sanger Automated DNA sequencer 37

1241 Brazil Sanger Fmol DNA sequencing system (Promega) 2

1251 France Sanger ABI 377A DNA sequencer 208

1261 Japan Sanger ABI 373 automatic DNA sequencer 178

27 NA Sanger $Q5500 automated sequencer 138

1281 Colombia Sanger NA 12

129 Italy Sanger ABI PRISM automatic sequencer 6

1301 Chile Sanger NA 50

B1] Chile Sanger NA 128

321 Spain Sanger ABI 310 genctic analyzer 4

1331 Colombia Sanger NA 12

341 France Sanger Applied Bioshstems 377 DNA sequencer 1

1351 Japan Sanger ABI 377 DNA sequencer 231

1361 Colombia Sanger ABI Prism serie 3700 1

371 Brazil Sanger ABI 373 DNA Sequencer 3

1381 Russia Sanger ABI 377 automatic DNA sequencer 8

1391 India Sanger ABI automated DNA sequencer 7

1401 Brazil Sanger ABI 377 Automated DNA Sequencer 2%

[41] France, Gabon and Iran ~ Sanger ABI Prism 377 and Ceq2000 sequencer 65

1421 Argentina Sanger ABI model 377 automated DNA sequencer 12

1431 Brazil Sanger ABI 377 Sequencer 134

[44] Isracl Sanger ABI automated sequencer 1

1451 Brazil Sanger ABI Prism 377 DNA Sequencer 2

[46] Brazil Sanger ABI 373 DNA Sequencer 5

147 NA Sanger ABI 310 sequencer 334

1481 NA Sanger ABI 310 autosequencer 316

[49] Japan Sanger ABI 377 DNA Sequence 445

[50] Brazil Sanger ABI 3100 genetic analyzer 46

[51] Argentina Sanger ABI Prism 3100 Genetic Analyzer 44

1521 Gabon Sanger Automatic sequencing system (Euro Sequence Gene Services) 34

1531 Brazil Sanger ABI 3100 genctic analyzer 8

[54] Brazil Sanger ABI 3100 genetic analyzer 5

1551 Argentina Sanger ABI PRISM 377 Automated DNA sequencer 114

1561 Japan Sanger ABI 3730 Sequencer 19

[57] Brazil Sanger ABI PRISM 310 Genetic Analyzer 25

[58] Brazil Sanger ABI 3100 genetic analyzer 8

1591 Mozambique Sanger ABI 3730 Automated DNA Sequencer 25

[60] Colombia Sanger ABI PRISM 310 sequencer 30

1611 Portugal and Spain ~ Sanger Automated DNA sequencing 47

1621 Brazil Sanger NA 1

[63] Brazil Sanger ABI 3130 genetic analyzer 13

1641 Brazil Sanger ABI 3100 genetic analyzer 32

1651 Brazil Sanger ABI 3100 genetic analyzer 146
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Table 1 (continucd)

Reference  Sample origin Sequencing methodology Equipment No. of
sequences
generated
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*ABI, Applied Biosystems; NA, not available; *, sequence region not described. Total for each instrument used: ABI 377/377A DNA Sequencer,
12; ABI 3100 Genetic Analyzer, 10; ABI PRISM 310 Genetic Analyzer. 6: ABI 373 DNA sequencer, 4: Hitachi Fluorescent DNA sequencer
5Q-5500, 3; ABI 3730 Sequencer, 3: ABI 3130/3130x] genetic analyzer, 3; ABI PRISM automatic sequencer, 3; Automated DNA sequencer, 2:
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Table 1 Summary of information collected from the 62 selected studies. including sample origin. sequencing methodology. equipment, and
number of sequences generated
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Table 1 (continucd)

Reference  Sample origin Sequencing methodology Equipment No. of
sequences
generated
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therefore were not considered in our analysis. When the mutations g @ _88 . . % gER
frequency was compared between all groups a statistically difference ~ § & & o = & & 3 EE
was observed for R119Q, 1164V and K184R mutations. The 1164V H &858 % § o S5z
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amino acid changes, which can result in changes in protein function and
characteristics. These modifications can interfere in protein activity and
binding connections. One example is the Y477H gp21 mutation, asso-
ciated with the switch of the helix to cail structure, which modifies the
secondary structure of the protein® Depending on where it is located,
the alteration can modify posttranslational modification sites, chemical
modifications that can alter the protein conformation, localization, and
function”

The molecular characterization of the viral genome can provide
important information for understanding the different clinical out-
comes associated with HTLV-1 infection. Despite that, some regions
of the HTLV-1 genome are not yet fully characterized, as the hbz
region. HBZ is a regulatory protein, important for the persistence of
HTLV-1. It is encoded by HTLV-1 bzip domain gene (hbz), constantly
transcribed in the antisense direction by a promoter present in the 3'
LTR' and can induce proliferation of infected cells and inhibit
apoptosis,'* contributing to cell immortalization and maintenance.

Therefore, this study aimed to evaluate the genetic variation of
HTLV-1 hbz genomic region from sequences originated from patients
with different HTLV-1-associated diseases and the possible influence
of this variation for the different dlinical conditions.

2 | MATERIAL AND METHODS

This study was performed with sequences already published and 15 new
sequences generated by this group. The new sequences were originated
from recruited HTLV-1-infected individuals, asymptomatic or with HAM/
TSP, registered at Centro de Atendimento do Portador de HTLV of Escola
Bahiana de Medicina e Satide Piblica (EBMSP). The inclusion criteria were
individuals older than 18 years and with a confirmed diagnosis of HTLV-1
infection by enzyme-linked immunosorbent assay and western blot. The
classification of HAM/TSP was performed by a neurologist according to
WHO criteria.* This study was approved by the EBMSP Research Ethics
Committee (approval number 464.286) and the selected patients signed
the informed consent form.

WILEY—‘ﬂ

Blood samples were collected and peripheral blood mononuclear
cell separation was performed on the same day. The DNA was ex-
tracted using the DNeasy Blood and Tissue Kit (Qiagen) following the
manufacturer’s instructions, and the hbz region was amplified
through polymerase chain reaction (PCR) cycling, according to the
protocol previously published.'* Amplification was confirmed by
agarose gel electrophoresis; PCR products were purified following

| oURSAY: o ——
MEDICAL VIROLOGY

manufactory instructions (QIAquick PCR Purification Kit; Qiagen)
and sequenced by 3500xL Genetic Analyzer (Applied Biosystems)
employing the same primers used in amplification.

Raw sequences were used to assemble a consensus sequence for
each sample. Then, to increase analytical capacity, the search of hbz
sequences available at GenBank was performed and the following
inclusion criteria were applied: (i) hbz sequences isolated from hu-
mans and (i) sequences with clinical information available. Data set
analyzed was composed of the new sequences generated in this
study and GenBank selected sequences. All sequences were aligned
with HTLV-1 reference sequence ATK1 (J02029.1) and all visuali-
zation, editing, and assembly were performed using Geneious Prime
2020.1.1."

Variant calling analysis was performed with the Geneious Prime
annotation tool to find nucleotide and protein variations. Statistical
analyses were performed to detect differences in the mutation fre-
quency using GraphPad Prism 8.4.2 (GraphPad Software). A *
test was performed to compare frequency between all groups and
identify possible signatures associated with a clinical profile. Then, to
identify possible significant variations capable to differentiate AC
from patients with HAM/TSP, ATLL, or IDH, a Fisher's exact test was
performed. The AC individuals were considered as control compared
with the HAM/TSP, ATLL, or IDH group. A p-value < 0.05 was con-
sidered statistically significant. To reduce the probability of a Type |

error, the x* and Fisher's exact tests were corrected using the
Bonferroni method. Thus, the p-value was multiplied by 4, which
corresponds to all possible pairwise contrasts.'”

To evaluate if the mutations alter the protein characteristics, the
physicochemical profile was performed through NPS@ tool, using the

(A
N MVNFVSVGLFRCLPVPCPEDLLVEELVDGLLSLEEELKDKEEEEAVLDGLLSLEEESRGRLRRGPPGEKA 70
MVNFVSVGLFRCLPMPCPEDLLVEELVDGLLSLEEELKDKEEEEAVLDGLLSLEEESRGRLRRGLPGEKA
7 PPRGETHRDRQRRAEEKRKRKKEREKEEEKQIAEYLKRKEEEKARRRRRAEKKAADVARRKQEEQERRER 140
PPRGETHRDRQRRAEEKRKRKKEREKEEEKQIAEYLKRKEEEKARRRRQAEKKAADVARRKQEEQERRER
KWRQGAEKAKQHSARKEKMQELGIDGYTRQLEGEVESLEAERRKLLQEKEDLMGEVNYWQGRLEAMWLQ
41 KWRQGAEKAKQHSARKEKMQEL GVDGYTRQLEGEVESLEAERRRLLQEKEDLMGEVNYWQGRLEAMWLQ
(B)
1 209
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R119Q Ti64V

K18UR

FIGURE 1 HBZ amino acid sequence, mutations, and protein domains. (A) HBZ amino acid sequences. Reference HBZ sequence
(ATK1—J02029) on top and mutated HBZ sequence below. The amino acid mutations are highlighted in bold. (B) Location of the amino acid
mutations (black line) in regard to the HBZ molecular domain structure. The striped region corresponds to the activation domain, the white
corresponds to the central domain, where the basic region 1 is contained (dark gray) and the light gray is the bzip domain
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TABLE 2 Physicochemical alterations according to HBZ amino acid change
Amino acid change Increase Decrease
VI5M - Hydropathy and antigenicity
P6SL Hydropathy, membrane buried-helix, and antigenicity B Hydrophilicity, flexibility, and antigenicity A
R119Q Hydropathy and membrane buried-helix Hydrophilicity, accessibility, and antigenicity
1264V Hydrophilicity and antigenicity Hydropathy and membrane buried-helix
K184R - Hydropathy, flexibility, accessibility, and antigenicity

hbz region from HAM/TSP, ATLL, IDH, and AC were analyzed and the
R119Q mutation seems to be important to the virus activity and
establishment of HTLV-1-associated diseases.

The R119Q variation may be crucial for understanding the clinical
differentiation along with host factors and other virus mutations®” The
R119Q is present in all clinical groups, although is more frequent in AC
sequences. This could indicate that this variation may be a protective
factor, maybe delaying the clinical progression.

Regarding the 1164V and K184R mutations, it is important to
consider the statistical difference with caution. The differences ob-
served between all groups can be caused by the absence of these
mutations in the IDH group. It is not possible to confirm that these
mutations are not found in the IDH individuals due to the small
number of sequences available. However, these mutations were
more frequent in ATLL and rare in HAM/TSP.

The P65L, R119Q, 1164V, and K184R mutations were observed in
sequences generated from different studies, clinical status, and geo-
graphic regions, minimizing the sample, sequencing strategy, and location
biases. Although the V15M mutation was only detected in HAM/TSP
sequences that were originated from the same study,'® AC sequences
was also included i the analyses. To confirm this possible bias, the V15M
mutation needs to be more extensively studied since only 19% of the
analyzed sequences present this site information.

To better understand how the mutations may be able to alter the
proteins, the physicochemical alterations of the five non-synonymous
mutations were analyzed and it was observed that these alterations can
impact the exposure of some protein regions and their function. Also, to
assess whether the mutations could alter important HBZ function, a
search for motifs in the literature was performed and five were observed:
two LXXLL-ike motifs (VDGLL —HBZ: 27-31 AA and LDGLL — HBZ:
47-51 AA),"” KRKRKK (HBZ: 87-92 AA), RRRRR (HBZ: 115-119 AA),"”
and EQERRE (HBZ: 134-139 AA)."” Also, the HBZ protein is divided into
three major regions called domains: activation domain (AD: 1-60 AA),
central domain (CD: 61-163 AA), and bzip domain (HBZ: 164-209 AA)™
(Figure 1B).

Considering that the motifs found have an important role in
the HBZ protein functions, a comparison between motif and
mutation positions was made. The R119Q alteration is located in
the last amino acid of the RRRRR motif, which along with the
KRKRKK motif and the DNA-binding domain (DBD) are nuclear
localization signals (NLS) located at the central domain, ex-
plaining the role of the motifs in the nuclear translocation of the

HBZ protein.'® It is necessary at least two NLSs to promote
nuclear translocation since DBD seems to be inefficient to retain
HBZ in the nucleus, where this protein interacts with cAMP re-
sponse element-binding 2 (CREB-2) and members of the JUN
protein family, as JUN-B.'°2* This mutation may impact the nu-
clear translocation of the protein and, consequently, interfere
with the interactions that occur at the nucleus once this altera-
tion modifies some physicochemical properties, which may be
essential for the translocation process.

An important scenario that can also be interfered with R119Q
mutation is the HBZ-Tax correlation. These two proteins do not in-
teract directly, but HBZ can interfere with Tax-dependent viral
transcription through inhibition of the binding between Tax and
transcription sites, as CREB and TxRE IlII. This inhibition occurs by
the binding of HBZ itself to the transcriptional sites, which occur at
the nucleus'® and could result in a reduction of viral transcriptional
activity.

The V15M alteration is located at the AD, important to the
transcriptional activity and also responsible for interacting with
other cellular proteins, as interferon regulatory factor 1 (IRF-1),
which inhibits apoptosis, and downmodulating the classical NF-kB
pathway inhibiting DNA binding by p65 (modulating the transcrip-
tion of genes activated by NF-kB pathway).'*%*

Among the five mutations described here, the 1164V and K184R
are located at the bzip domain. HBZ interacts with CREB2 through
this domain, which results in the downregulation of CREB2-
dependent transcription.'” Also, it interacts with protein pé5, re-
pressing the pé5-induced transcription and inhibiting the binding of
P65 to target sites in the DNA, resulting in the inhibition of the
classical pathway of Tax-mediated NF-xB2? Although the P65L
mutation was not associated with clinical profiles, it is located at the
CD which is known to be important to some functions as the HBZ
interaction with FoxO3a, being responsible for apoptosis inhibition.
In addition, it is possible that 1164V, K184R, and P65L affect HBZ
functions, once they alter some physicochemical properties, as hy-
drophilicity, antigenicity hydropathy, membrane buried-helix, flex-
ibility, antigenicity, and accessibility.

The results presented here suggest that one significant non-
synonymous mutation identified in the HTLV-1 hbz genomic region,
R119Q, located in a motif region, can possibly modify HBZ protein
functions. This mutation can also possibly be a disease development
protective factor. However, to investigate better the contribution of
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