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Human T cell leukemia virus type 1 (HTLV-1) was identified as the first pathogenic human retrovirus and is
estimated to infect 5 to 10 million individuals worldwide. Unlike other retroviruses, there is no effective therapy to
prevent the onset of the most alarming diseases caused by HTLV-1, and the more severe cases manifest as the
malignant phenotype of adult T cell leukemia (ATL). MicroRNA (miRNA) dysfunction is a common feature of

leukemogenesis, and it is no different in ATL cases.

HTLV-1 T cell leukemia MiRNASs carcinogenesis

| 1. HTLV-1 Viral Structure and Infection Mechanisms

HTLV-1 is the causative agent of ATL, a malignant tumor of CD4* T cells. It is a retrovirus of the deltaretrovirus
genus, and several subtypes of HTLV were discovered later—HTLV-2, HTLV-3, and HTLV-4. It has a structural
organization like all retroviruses; two mature viral glycoproteins derived from a common precursor, an outer surface
protein (SU) associated with a transmembrane (TM) protein, which is responsible for anchoring the SU-TM
complex on the surface of the infected cell, an envelope consisting of a lipid bilayer of cellular origin, and the matrix

protein located next to the membrane [H2IE14],

It is an enveloped double-stranded RNA virus, and its genome contains three structural
genes: gag, pol, and env, and two regulatory genes, tax and rex. The tax and rex genes regulate the
transactivation of viral replication, in addition to regulating the expression of viral proteins and the basic leucine
zipper factor (HBZ) of HTLV-1, which are essential for the maintenance of viral persistence and pathogenesis, in

addition to helping in the oncogenic process of ATL, stimulation of tumor growth and development [BI4I31(6],

Viral integration into the host's DNA happens preferably at transcriptionally active regions, specifically near
transcription factor binding sites. HTLV-1 uses different strategies to induce neoplastic transformation, but the
immunogenic profile of the host is associated with inflammatory responses, promoting or protecting against the
development of HAM or ATL. Its replication occurs parallel to the cell during mitosis, and its infection can occur
vertically, during childbirth or breastfeeding, or parenterally, which consists of transfusions, transplants, intravenous

drug use, and unprotected sexual intercourse [GIZBILNL0][11]

Furthermore, HTLV infects mainly T lymphocytes but is also capable of infecting monocytes and dendritic cells due

to its direct interaction with glucose transporter 1 (GLUT 1), which is ubiquitously expressed on cell surfaces
(Figure 1) [1H[12][13][14]
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Figure 1. HTLV-1 mechanisms of cell infection and replication. Surface subunit (SU) of HTLV-1 glycoproteins
interacts with heparan sulfate proteoglycans (HSPGs) of the targeted cell's cytoplasmic membrane. A complex is
then formed between the viral envelope, HSPGs, neuropilin-1 (NRP1), and glucose transporter-1 (GLUT1). The
envelope fuses with the cytoplasmic membrane, and the viral RNA is released on the cytoplasm, where it will be
reverse transcribed and carried to the nucleus as viral DNA for integration into the host’'s genome. The provirus is
then transcribed by RNA polymerase Il of the cell’s transcriptional machinery, and after post-transcriptional
modifications, the mature viral mRNA is transported back to the cytoplasm. Translation of viral mRNA and
alternatively spliced mRNAs generate the proteins necessary for viral assembly inside the host cell, such as
envelope glycoprotein (Env), polymerase (Pol), protease (Pro), and structural proteins (GAG). These proteins,
alongside two copies of viral RNA, migrate to the budding site and are released from the cell's surface to further

mature into infectious viral particles following protease-dependent activity.

After infection and entry into the cell, viral RNA is reverse transcribed into viral DNA or provirus. After that, the virus
can integrate into the host cell genome and exploit normal cell physiology. Viral integrase recognizes and binds to
viral long terminal repeats (LTRs) in viral DNA, forming a pre-integration complex (PIC). PIC associates with the
host enzyme, protein phosphatase 2A, and engages with host DNA in regions of open chromatin. In addition,
HTLV-1 increases genomic instability by direct actions on the DNA, and, in turn, genomic instability can also alter

the proviral genome that is often mutated or deleted, thus creating an escape from the host's immune system (23]
[L6][17)[18][19]
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During infection, there is viral transmission by cell-cell contact due to an organizing center of polarized
microtubules at the cell—cell junction and a virological synapse triggered by Tax protein. From there, the HTLV-1
Gag complex, viral RNAs, and enveloped HTLV-1 virions accumulate at the synapse and migrate into the
uninfected cell (2221221 Another way in which viral transmission happens is by using the cell itself through

proliferation. That is, the virus integrates into the host genome, and after mitosis, it is transmitted to the daughter
cell [L8IL7],

| 2. Leukemogenesis Pathways to Adult T Cell Leukemia

First reported in Japan in 1977, ATL is a lymphoproliferative disease that presents as an oligoclonal or monoclonal
expansion of HTLV-1-infected T cells that occurs decades after infection. ATL onset is multifactorial, involving

factors related to the virus and the host’s immune and inflammatory responses L€,

The disease is classified according to clinical characteristics into acute, chronic, lymphoma-like, and smoldering. Its
manifestations include malaise, fever, weight loss, jaundice, skin lesions, adenomegaly, hypercalcemia, elevation
of lactate dehydrogenase, and clinical alterations in the number of leukocytes in peripheral blood, with the

presence of atypical lymphocytes [L123]124],

In the acute phase, it is also possible to find lymphocytes with peculiar characteristics called floral cells in the
peripheral blood smear, which is a characteristic clinical finding of ATL development. The diagnosis for HTLV-1
infection is performed by ELISA and confirmed by PCR and Western blot, and a worse prognosis may be expected

in the acute and lymphoma forms, being more aggressive and with a median survival of one year [17120][25]

ATL cells’ clonal expansion is promoted by the accessory proteins of HTLV-1 and the Tax protein. Tax utilizes
several mechanisms for cellular transformation, including the creation of chromosomal instability, amplification of
centrosomes, abrogation of DNA repair, activation of cyclin-dependent kinases and nuclear factor-kB (NF-kB), and
AKT signaling, and even silencing of TP53 checkpoints. The maintenance of the ATL transformation occurs through

HBZ protein activity, in addition to this protein being essential for the establishment of persistent viral infection 29
[21][26][27]

| 3. MicroRNAs

The molecular mechanisms of HTLV-1-mediated transformation and carcinogenesis are still unknown; however,
there are studies that correlate HTLV carcinogenesis to microRNAs (miRNAs), which are endogenous 18-25
nucleotide long RNAs that play regulatory roles in cell metabolism, directing messenger RNAs (mRNA) for
cleavage or translational repression 2829 They are involved in the maintenance of a variety of biological

processes, including the cell cycle, post-transcriptional gene expression, and other processes 2231,

MiRNAs genes can be located within the introns and exons of protein-coding genes or in intergenic regions and are

transcribed by RNA Polymerase Il and processed by the Drosha and Dicer enzymes BLE233] Deregulation of
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these miRNAs is a common feature in human tumors and has been described in several types of human cancer,

such as lung cancer, colorectal cancer, pancreatic endocrine, and even chronic lymphocytic leukemia B4,

Discovering miRNAs, identifying their targets, and clarifying their functions has been a critical strategy for

understanding normal biological processes and their roles in disease development 22, Furthermore, the miRNA

expression pattern can be correlated with cancer, so the miRNA profile can be used as a tool for cancer diagnosis

and prognosis 28, Therefore, several studies demonstrate that the cellular expression of miRNAs is affected in
HTLV-1 infected cells [71[38],
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