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Abstract

In the past two decades it has been found that viral proteins might contribute to activation of numerous pathways involved in different
types of cancer. Human T-lymphotropic virus 1 (HTLV-1), well known as a cause of T-cell leukemia, was found in patients having different
types of cancers. Initiation and development of cancers is usually a multi-year multistep process that starts with initiation of the first
somatic mutation and the then the next set of steps with the occurrence of an increasing number of somatic mutations with specific times
for each one. Here we suggest a hypothesis: If HTLV-1 virus can infect the nonhematological cell, its viral proteins can work as the agents
activating the general cancer-related pathways. This way Tax HTLV-1 protein (and/or other viral proteins) can serve in the similar way as
the somatic mutation of specified genes and the presence of Tax can affect the functionality of several pathways that are not yet activated
by the timeline of the stages of a “normal” cancer development. For example, the pathways PI3K, p53, TGF-B can be correspondingly be
activated and inhibited by Tax before their functional change would appear by the timeline of a “normal” cancer development. The HTLV-1
infection-related KEGG pathway was found when the sets of the most frequently mutated genes for several cancers were analyzed by the
DAVID program (that selects the most probable pathways for a set of selected genes). These findings support the hypotheses that HTLV-1
infection can be a common factor in the development of very different cancers, thus warranting further exploration.
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Introduction death, etc., resulting in various diseases including cancer.
It's believed that 15% to 20% of cancers are in some way
related to viral infections [4-6]. The well-known oncogenic
viruses are: HIV [7], human T-lymphotropic virus (HTLV),
human papillomavirus, hepatitis B and hepatitis C
viruses, Epstein-Barr virus, Kaposi's sarcoma-associated
herpesvirus (KSHV), and Merkel cell polyomavirus. A role
of HTLV-1 and its mammalian homologs in development of

Initiation of cancers

Initiation and development of cancers is usually a multi-
year multistep process that starts with initiation of the
first somatic mutation and then occurrence of the next
somatic mutations. As pointed by Harris and colleagues
the rodent cells need at least two genetic aberrations
before transformation to cancerous cells and human
cells need more than that [1, 2]. On example of colorectal
cancer (CRC), Jones and coauthors show that the initiation
of cancer starts with a mutation of a gene inactivating the
adenomatous polyposis coli gene (APC)/B-catenin pathway
[3]. Then consequently the mutations affecting KRAS/BRAF,
TGF-B, PIK3CA, TP53, and other cancer-related pathways
occur causing progression of the stages of cancer. This
process takes more than 17 years in humans. So, a number
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of specific pathways have to consequently be affected to
support the cancer development during a long time.

Viral proteins as factors affecting specific cancer pathways

The nature of a retrovirus is to inject genetic material into
host cells, altering pathways that control proliferation, cell
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adult T-cell leukemia (ATL) is well known [8-11]. HTLV-1 was
the first retrovirus to be discovered and described [12-15].
It is unique in its encoding of Tax proteins, which regulates
transcriptional initiation, and Rex proteins, which regulate
the export of nuclear RNA [16-20]. HTLV is known to cause
adult T-cell leukemia in about 5% of those infected. Tax
protein plays an important role in the leukemogenesis.
Tax affects several cancer-related pathways including
apoptosis pathways, in addition to DNA damage repair
pathways, causing mutations to accumulate and mutated
cells to continue to proliferate [21-25].

HTLV-1 often leads to immortalization or transformation
of the infected cells [26, 27]. It also affects the cell cycle
and genomic stability, inhibits apoptosis, and increase
production of several cytokines [21, 26, 27]. In the same
time recently, new evidence appears related to the
significant presence of this virus and its mammalian
analogs in various (other than leukemia) types of cancer
[28]. In the breast cancer patients BLV DNA in mammary
is found in 59%, comparing to normal women having 29%
with the significant p-value [20, 29]. Another study brought
even greater presence of BLV in breast cancer patients [30,
31]. It worth to note that Gillet and Willems demonstrated
absence of BLV DNA in breast cancer patient's DNA.
HTLV-1 virus also had been found in the other type of cells
in different nonhematological cancers [32]: (i) Endometrial
adenocarcinoma in rabbits [33], (ii) Hepatocellular
carcinoma (HCCQ) in patients with chronic HCV infection [34],
(iii) Non-small cell lung cancer [35], (iv) Small cell lung cancer
[36], (v) HTLV-1 is isolated from immortalized epithelial
cells [31], and primary oral keratinocytes [37]. Also, it was
shown that HTLV-1 increases risk of bronchioloalveolar
carcinoma [38].

Materials and methods

Approach overview

In our study we used several computational programs.
Using COSMIC [39-41], most frequently mutated genes
were elucidated. The selected genes were analyzed by the
DAVID program to find corresponding signaling pathways
[42-45] derived from Kyoto Encyclopedia of Genes and
Genomes (KEGG) [46]. Pathways for the studied cancers
were compared in Venn diagrams [47], using VENNY [48].
The MutaGene program permitted identification of cancers
with similar mutational signature profile patterns [49, 50].

The COSMIC program

Somatic mutations are a well-known feature in different
cancers[24].Eachcancercreatesadistinguished mutational
pattern that is called a cancer mutational signature [51],
which can be used for analysis. After collecting the most
frequently mutated genes for the selected cancers, we
elucidated them using the Catalogue of Somatic Mutations
in Cancer (COSMIC) program [39-41]. COSMIC is the
resource for exploring the impact of somatic mutations
in human cancer [39]. COSMIC contains information with
related details of somatic mutations about human cancers.
Version 85 released in May 2018, includes 5621 127 coding
mutations on 1 383 362 samples that are curated. COSMIC
database identifies 30 mutational signatures in human

cancer [39]. COSMIC provides information with mutation
counts and their frequencies [41].

The DAVID program

Obtained lists of the most frequent genes in the studied
cancers were analyzed using the Database for Annotation,
Visualization and Integrated Discovery (DAVID) program
[42, 44, 45]to find the related signaling pathways. The tools
in the DAVID program provide functional interpretation of
genes derived from genomic studies [42, 44, 45]. DAVID
allows to discover enriched functional-related gene groups,
visualize genes on BioCarta & KEGG pathway maps, list
interacting proteins, as well as to link gene-disease
associations.

The KEGG database

Kyoto Encyclopedia of Genes and Genomes (KEGG) is a
database resource for analysis of high-level functions
of biological systems from molecular to ecological level
[46]. It allows to compare information from metabolic
and genomic features to cancer, endocrine, and virus
networks including signaling, transcription, and disease
compartments.

The VENNY program

Obtained pathways were compared using a Venny
program [48], an interactive tool for comparing lists with
Venn diagrams [47]. Venn diagrams were created for all
elucidated lists of pathways for each studied cancer.

The MutaGene program

For selection of cancers with similar mutation signatures we
used the program MutaGene [49]-an online computational
framework, including several tools for analysis of cancer
context-dependent mutations [50]. The framework
explores DNA context-dependent mutational patterns
and elucidates somatic cancer mutagenesis, analyzes
mutational profiles of cancer samples [50]. Mutational
profiles are categorized based on cancer type and primary
tumor sites. Currently, MutaGene includes 9450 cancer
samples with 1 139 534 nonrecurring mutations and 1953
somatic mutations identified in 70 benign TCGA samples
[49].

The comparison between a pair of mutational signatures
is performed using the MutaGene Compare function. The
comparison reveals inter-cancer similarities in terms of
their mutational profiles. A similarity for two signatures is
calculated from a matrix based on the following similarity
measures: Chi-square test, Cosine distance, Hellinger
distance, Jensen-Shannon similarity, and Kullback-Leibler
divergence [52].

Results

Initiation and development of cancer is a long multistage
process. It starts from a single somatic mutation activating
one pathway [1-3], with new mutations appearing during
quite a long time and opening the next cancer-related
pathways. When a tumor is detected (sometimes 30 years
after the initiation) often half of the somatic mutations
are already in the tumor [1, 2]. A simplified scheme of
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colorectal cancer development introduced by Jones and
coauthors [3] suggests that one or two pathways (APC/
B-catenin, CDC4/CIN) activation can lead to the initial
adenoma, with following transformation to carcinoma with
activating of PI3K, and inhibiting p53 pathways [1-3]. If one

elucidates the signaling cancer-related pathways affected
by HTLV-1 protein Tax, one would see a striking similarity
of the abovementioned CRC pathways and Tax-affected
pathways (Figure 1). The main pathways Wnt, PI3K, TGF-B,
p53, MAPK are the same.
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Figure 1 The KEGG colorectal cancer pathway [53] with highlighted red genes involved in Tax protein of HTLV-1 interactions.

Here we want to state a hypothesis. If HTLV-1 virus can
infect the nonhematological cell, its viral proteins can
work as the agents activating the general cancer-related
pathways. This way, the Tax HTLV-1 protein can serve in a
similar way to somatic mutation of specified genes (Figure
1) and the presence of Tax can affect the functionality of
several pathways that are not activated yet by the timeline
of the stages of a “normal” CRC development. For example,
the pathways PI3K, p53, TGF-B can be correspondingly
activated and inhibited by Tax before their functional
change would appear by the timeline of a “normal” cancer
development. The degree of Tax impact to the cancer
development can be related to a general viral load of
HTLV-1. We presume that most probably Tax affects a set
of pathways simultaneously. This situation may lead to
shortening of the stages of cancer development because
of Tax (and maybe other viral proteins) interaction with the
specific pathways (Figure 2).

We studied pairs of significantly different cancers: breast
cancer and esophageal squamous carcinoma; pancreatic
cancer and glioblastoma multiforme (GBM). These pairs
were selected as having a high cosine similarity of their
mutational signatures (Figure 3) [53, 54]. Then we found
using COSMIC, the most frequent somatic mutations in
the patients having these cancers. Venn diagram (Figure
4) shows that only one common (not related directly to
cancer) pathway that was found for the sets of 20 most
frequently mutated genes in all abovementioned cancers
is the HTLV-1 Infection pathway. Figure 5a & b, shows
close-ups of parts of the HTLV-1 pathway most related to
genes having maximum probability of somatic mutations
in the selected four cancers. Originally this pathway in
KEGG is assigned to the virus's association with ATL and
HTLV-1 associated myelopathy (HAM). Nevertheless, the
genes and pathways affected are significantly related to
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Figure 4 Venn diagram for the four studied cancers. Common significant
pathways in all four cancers: HTLV-1 infection, pathways in cancer,
pancreatic cancer pathway, chronic myeloid leukemia pathway, bladder
cancer pathway.

Tax is known to be a protein that interferes with
signaling pathways that are related to apoptosis and cell
proliferation. This list of these pathways includes among
others Wnt, PDGF, TNFa, MAPK, and TGF-3 pathways. The
set of these pathways shows that most probably function
of Tax and other viral proteins may be not limited to
leukemia and T-cells and can affect many various cancers
if other types of the cells are affected. The function of this
protein can include change of function of the key genes
in the abovementioned pathways that supports cancer
development. Tax binding to the proteins of the specific
pathways may play the same role in possible activation/
inhibition of these pathways but without mutation of
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the genes that usually are highly mutated in mentioned
cancers. In Figure 5 each protein that is encoded by a gene,
which was commonly mutated in one of the four cancers is
starred. Red stars correspond to breast cancer, blue stars
correspond to esophageal squamous carcinoma, yellow
stars correspond to pancreatic cancer, and purple stars
correspond to glioblastoma. This means that if a protein
is starred in all four colors, the gene encoding it was in a
group of the top 20 most frequently mutated genes in all
four cancers. Note that most frequently mutated genes in
all four cancers are concentrated in the areas affected by
the protein Tax including 3-catenin, PI3K, CDK4, and MEKK1
containing pathways (Figure 6) along with p53-containing
pathways and TERT (Figure 5b) [22].
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Figure 6 Dependence of the risk factor of HTLV-1 infection for different
nonhematollogical cancers of the p-value of HTLV-1 pathway recognition
by program DAVID for sets of 20 most frequently mutated genes in these
cancers.

Asou and colleagues analyzed nonhematological
malignancies occurring in 685 patients having HTLV-1
virus infection in Kumamoto Prefecture in southwestern
Japan [56]. The patients included 397 males and 288
females with an average age 60 years. 291 patients had
blood cell transfusions previously. This transfusion plays
a significant role in infection by HTLV-1 virus in endemic
areas (southwestern Japan is a one). During their statistical
analysis, the authors calculated the HTLV-1 antibody
prevalence in patients with nonhematological malignancy
as a ratio of observed HTLV-1 antibody prevalence in
transfused patients vs such prevalence in the healthy
individuals of the Prefecture. This data was a good testing
bed for our hypothesis about the possible involvement
of HTLV-1 proteins in nonhematological cancers. If the
hypothesis is true, we would have to see the correlation
between this risk factor with the p-value of HTLV-1 pathway
occurrence for the specific cancers (affected by HTLV-1). If
the p-value is lowest, the most probable mutation profile
of the specified cancer includes maximum of genes that
may be affected by HTLV proteins. If the p-value is higher,
less of the genes usually mutated in the specific cancer can
be affected. Figure 6 shows dependence of the risk factor
for the patients with different cancers (that had confirmed
transfusion history) with log10 of p-value of HTLV-1
pathway occurrence. Data for head and neck cancer were
excluded, because in general p-value for HTLV-1 pathway
in the set of most frequently mutated genes of this cancer
is significantly lower than for any other cancer. This case
needs more study. One can see the clear dependence of
HTLV-1 risk factor in patients with five different cancers with

the potential corresponding mutational profiles of these
cancers’ correspondence to HTLV-1 pathway probability
(Figure 6). It means that the nonhematological cancers
having the genes included in their possible most frequently
mutated set, which are closer to the set of genes affected
by Tax or other HTLV-1 proteins, would have “support” of
viral proteins to accelerate these cancers development.

Discussion

We showed that a number of major cancer pathways that
contain genes having most frequently occurring somatic
mutations can be affected directly by the HTLV-1 protein
Tax. These pathways can potentially point to targets for
treatment of these cancers, and the commonly mutated
genes in those pathways are notable biomarkers. The
HTLV-1 Infection pathway is one of the most interesting
of the shared pathways [57]. HTLV-1 has been known to
cause adult T-cell leukemia [14]. HTLV-1 infection is not
very common in the US, but this virus is closely related to
bovine leukemia virus (BLV), which has been shown to affect
cows in about 84% of US dairy herds [58]. BLV and HTLV-1
both encode the regulatory proteins Tax and Rex [59,
60]. These proteins are encoded in the unique pX region,
which is located between the env gene and the 3'LTR [60].
Recent studies have found antibodies in humans for BLV,
suggesting that humans could be BLV-infected [61, 62]. It
is not completely known yet how humans could become
infected by BLV but drinking raw milk or consuming
undercooked beef are possibilities. Olaya-Galan with
colleagues demonstrated that raw beef and milk often
contain BLV virus [63]. Given the similarities between
HTLV-1 and BLYV, it is possible that BLV also plays a role in
the development of the other nonhematological cancers.
In fact, a UC Berkeley study found that the presence of
BLV DNA was associated significantly with breast cancer
[27]. Further studies will have to be conducted in order to
clarify the role of HTLV-1 and BLV in the development of
multiple cancers. We showed that TAX protein of HTLV-1
and its mammalian analogs can affect genes that have
a maximum frequency of somatic mutations in studied
nonhematological cancers and are significantly involved
in the development of these cancers. So, Tax can often
activate or inhibit these genes without any mutations
necessary and play a role of the hidden cancerogenic
factor that cannot be elucidated by NGS.

Another interesting possibility for explanation of such
coherence in HTLV-1 involvement in the nonhematological
cancers is a possible APOBEC-caused DNA damage. It is
known that APOBEC3 proteins protect against the HTLV
virus; however, they can also target mitochondrial and
nuclear DNA, resulting in the development of tumors
[64]. Two mutational signatures associated with APOBEC
elucidated in the COSMIC database are mutational
signature 2 and 13. Both are present in the breast cancer,
signature 13is presentin three cancers (breast, esophagus,
and pancreatic). Only GBM does not show this signature
that is present in most of the cell lines for the four cancers.
Signature 2 is present in all four cancers (somewhat less
defined in brain and pancreatic cancers) (Figure 7). The
size of the circles in Figure 7 represents the amount the
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mutational signature contributes to the cancer. It has been
shown that APOBEC expression increases in peripheral
blood mononuclear cells after HIV infection [64]. It was also
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Acronyms and abbreviations

Akt: serine/threonine kinase 1; APC: adenomatous polyposis coli gene;
APOBEC: apolipoprotein B mRNA editing enzyme, catalytic polypeptide-
like; ATL: adult T-cell leukemia; ATM: ataxia telangiectasia mutated serine/
threonine kinase; ATR: ataxia telangiectasia and Rad3-related serine/
threonine kinase; BAX: BCL2 associated X, apoptosis regulator; BLV: bovine
leukemia virus; BRAF: v-raf murine sarcoma viral oncogene homolog B;
CDC4: cell division control protein 4; CDKN2A: cyclin dependent kinase
inhibitor 2A; Chk1/2: checkpoint kinase 1/2; CIN: chromosomal instability
CRC: colorectal cancer; CREBBPB: CREB (cAMP response element-binding)
binding protein b; DAVID: database for annotation, visualization and
integrated discovery; EP300: E1A binding protein p300; GBM: glioblastoma
multiforme; HAM: HTLV-1 associated myelopathy; HCC: hepatocellular
carcinoma; HCV: hepatitis C virus; HIV: human immunodeficiency virus ;
HTLV-1: human T-lymphotropic virus 1; KEGG: Kyoto Encyclopedia of Genes
and Genomes; KRAS: Kirsten rat sarcoma viral oncogene; KSHV: Kaposi's
sarcoma-associated herpesvirus; MAPK: mitogen-activated protein kinase;
MEKK1: mitogen-activated protein kinase kinase kinase 1 (MAP3K1); NGS:
next-generation sequencing; p16INK4a: cyclin dependent kinase inhibitor
2A (CDKN2A); p53: see TP53; p300: histone acetyltransferase p300; PDGF:
platelet-derived growth factors; PDGFR: platelet-derived growth factor
receptor; PI3K: phosphoinositide 3-kinase; PIK3CA: phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha; PIK3R1: phosphoinositide
3-kinase regulatory subunit 1; PTEN: phosphatase and tensin homolog; Rb:
retinoblastoma-associated protein; SEK1: dual specificity mitogen-activated
protein kinase kinase (MKK4); SMAD4: Caenorhabditis elegans (Sma) genes
and the Drosophila Mad (Mothers against decapentaplegic) protein 4; Rex:
Tax: HTLV-1 produced proteins; TERT: telomerase reverse transcriptase;
TGF-B: transforming growth factor beta; TGFBR: transforming growth factor
beta receptor; TNFa: tumor necrosis factor alpha; TP53: tumor protein 53;
Wnt: wingless/integrated type family protein.
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