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Abstract. In the new world of medicine, one of the main concerns in the field of infectious diseases has been focused
on Human T-cell Leukemia Virus type 1 (HTLV-1). During the infection, lymphocyte inhibitory receptors (LIRs) play
a prominent role in the occurrence of adult T-cell leukemia/lymphoma (ATLL). These receptors include LAG3, PD-1,
TIGIT, CD160, TIM3, and 2B4. First, we have collected all microarray information on the profile of HTLV-1 infected
patients from the Gene Expression Omnibus (http://www.ncbi.nlm.gov/geo) database until March 2020, in order to iden-
tify the microarray related to evolutionary development of LTRs during various phases of HTLV-1 infection in human
peripheral blood CD4" T cells by searching for keywords such as “Human T-lymphotropic virus type I (HTLV-1)”, “Homo
sapiens”, “ATLL”, and “Whole genome sequencing”. Considering the main goal of the study, we have only assessed data
related to Homo sapiens particularly CD4* T cell lineage from human subjects infected with HTLV-1. We evaluated these
receptors in ATLL patients compared to healthy control (HC) individuals and HTLV-1 infected-asymptomatic carri-
ers (ASCs). Out of all 18 identified records, we only selected and analyzed three studies: GSE19080, GSE33615, and
GSES57259, which satisfied inclusion criteria with proper quality analysis of ATLL vs. normal, ATLL vs. asymptomatic
carrier as well as asymptomatic carrier vs. normal. Unfortunately, we could not analyze various stages of ATLL malig-
nancy (acute, lymphomatous, chronic and smoldering) in all included studies due to the lack of sufficient information.
Finally, based on Benjamini—Hochberg False discovery rate (FDR), the differentially expressed genes (DEGs) were se-
lected for several categories. Hence, for the first time we demonstrated that the expression rate of LIRs in ATLL group was
higher than either in asymptomatic carrier or healthy donor groups. As a conclusion, it seems that the blockade of LIRs
has a pivotal role in diagnostics and treatment of ATLL malignancy.
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BJIOKAAA LIRs KAK HOBbI NOAX04 K AUATHOCTUKE U JIEYEHUIO T-KNIETOYHOIO
JIENKO3A B3POC/IbIX
Keuxa M.!, Kapoanaen M.?
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Pesiome. B coBpeMeHHOI MeIMIIMHE OAHOI M3 OCHOBHBIX TTP0O0JIeM B 001aCTU MH(PEKIIMOHHBIX 3a00JIeBaHUIA SIBJISIET-
cs Bupyc T-knerouHoro neiiko3a yenoeka 1 Tuna (HTLV-1). BaxkHyto posib B BOSHUKHOBEHUHU T-KJIETOYHOTO JIek-
ko3a/muMdomsl B3pocnbix (ATLL) Ha done HTLV-1-undekum urparoT TMMOOIUT-UHTMOUPYIOIINE PELENTOPHI
(LIR). K LIR ornHocsarca LAG3, PD-1, TIGIT, CDI160, TIM3 u 2B4. Jlns npoBeneHusT UccienoBaHus U3 0a3bl JaH-
Hbix Gene Expression Omnibus (http://www.ncbi.nlm.gov/geo) 1mo Takum KJII0UeBbIM CI0BaM, KakK «T-TuM(POTPONHBII
Bupyc yenoBeka tumna I (HTLV-1)», «Homo sapiens», «<ATLL» u «mtomHOreHOMHOE CeKBEHUpOBaHME», OblJa coOpa-
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Ha Bcs uHbopmanus o pesyabratax aetekuuu LIR B CD4* T-kneTkax nepudepuyeckoil KpoBU NallMeHTOB, UHPU-
uupoBaHHbIX HTLV-1, ¢ moMonibio TeXHOJIOTMU MUKPOYMIIOB AJIs1 M3ydyeHUs aBoatounu LIR Ha pasHbIX cTagusax
HTLV-1-undexuuu. [Mouck 6611 orpannyeH MmapTom 2020 1. [TpyHMMasi BO BHUMaHUE IJIaBHYIO 1IeJIb UCCIeNOBAHMS,
MblI MIPOBEJIM OLEHKY JAHHBIX, OTHOCSIIUXCSI K Homo sapiens, B yacTHOCTU K TuHUU CD4" T-kneTok nwoaeit, nHbuU-
uupoBaHHbIX HTLV-1. Mbl usyvyanu 3Tu peuentopsl y nanueHToB ¢ ATLL B cpaBHEHMU CO 3M0POBBIMU JIOIbMU
u3 KoHTpoJibHoii rpynnbl (KI') uy 6eccumntomubix Hocuteneit HTLV-1. M3 Bcex 18 oOHapyKeHHbBIX UCCIeI0BAHU It
MBI BBIOpaM M MIpoaHaau3nupoBaiu Toabko Tpu paboTsl: GSE19080, GSE33615 u GSES57259, xoTopble yIOBIETBO-
PSIM KPUTEPUSIM BKJIOUEHUS C HaaslexXalluM KadyecTBeHHbIM aHaau3oM ATLL no cpaBHeHMI0 ¢ KoHTpoJeM, ATLL
10 CPAaBHEHUIO ¢ 6€CCUMITTOMHBIM HOCUTEIHCTBOM, a TAKXXE OECCUMITOMHOE HOCUTEIbCTBO MO CPABHEHUIO C KOH-
TposieM. K coxaneHuto, Mbl He CMOIJIM MpPOaHaIU3UpoBaTh pasnuuyHblie ctaguu ATLL (octpas, numdomatosHas,
XpOHMYECKasi U MeIJIEHHAs1) BO BCEX BKJIIOUEHHBIX MCCIENIOBAHUSX U3-3a OTCYTCTBUS JOCTATOYHON MHGMOpPMAILIUU.
Hakonel1, Ha ocHOBe KoadduliMeHTa J1oxXHOro ooHapyxeHust benaxamuuHu—Xoxoepra (FDR) a1 HeCcKoJbKUX Ka-
Teropuit Opl1M 0TOOpaHbl AuddepeHmaabHo sKcnpeccupyeMbie TeHbl (DEG). TakuM 00pa3oM, Mbl BIIepBble TPO-
JIEMOHCTPUPOBAIH, 4YTO ypoBeHb aKcnpeccuu LIR B rpynine ATLL Obli BbilIe, yeM B IpyIine 0€CCUMMITOMHBIX HOCHU-
TeJiel UM 30pOBBIX JOHOPOB. B 3aKkiitoueHue caenyeT OTMETUTh, YTO, M0 HAILIMM MpearnojoxeHusam, oaokaga LIR

UrpacT KJIKYEBYIO POJIb B ITMArHOCTUKE U JCYCHU U 3JI0KAYCCTBCHHbBIX HOB006p330BaHI/H71 ATLL.

Karueesvte caosa: ATLL, HAM/TSP, HTLV-1, LIRs, 310kauecmeeHHoCMb, UMMYHUMEN.

Introduction

In recent years, it has been demonstrated that high
expression of inhibitor receptors on lymphocytes
leads to modulation of function of co-stimulatory
receptors and finally decreased T cell activity, tis-
sue damage, and autoimmunity [1, 33]. According
to in vitro evidence, about 24 h after stimulation
of lymphocytes, lymphocyte inhibitory receptors
(LIRs) begin to express and reach to their highest lev-
els after 48 h [31]. Hence, it seems that long stimula-
tion of lymphocytes increases the expression of LIRs
genes, which in turn leads to the T cells dysfunction,
and finally cancer [26, 33]. Based on recent studies,
chronic inflammation by viral infection can cause
excessive expression of LIRs and as a result down-
regulation of lymphocyte proliferation and dysregu-
lation of cytokine release [30]. Like hepatitis C vi-
rus, Human T-cell leukemia virus type 1 (HTLV-I)
is one of the most important single-stranded RNA
viruses [2, 12]. Once it enters human circulatory sys-
tem, HTLV-1 creates persistent infection and chronic
inflammation through inhibition and escape mecha-
nisms from facing immune responses. Therefore,
it is likely that the activity of LIRs can have a posi-
tive impact on pathogenesis of HTLV-1 virus with
clinical symptoms [14, 17]. This oncogenic virus be-
longs to Retroviridae family which has infected about
15—20 million people worldwide [15]. Although most
infected individuals remain asymptomatic, 2—6%
of them progress to adult T-cell leukemia/lymphoma
(ATLL), and 2—3% to HTLV-1 associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP) [10, 13,
15]. ATLL is one of the most severe types of leuke-
mia in which CD4* T cells increase dramatically [28].
Although the pathogenesis of ATLL is still unknown,
its most well-known features include immortalization
of the infected CD4* T cells, continuous lymphocyte
proliferation, CD4" T cell exhaustion and the increase
in the number of regulatory (Treg) T cells of TGF-J3
and IL-10 cytokines [7, 11]. However, LIRs play

an important role in the development of ATLL [9].
The aim of this study was to investigate the differ-
ences of expression of LIRs genes such as LAG3,
PD-1, TIGIT, CD160, TIM3, and 2B4 in ATLL pa-
tients compared to healthy control (HC) individuals
and HTLV-1 infected-asymptomatic carriers (ASCs).

Methods

First, we have collected all microarray informa-
tion on the profile of HTLV-1 infected patients from
Gene Expression Omnibus (http://www.ncbi.nlm.
gov/geo) database till the end of March 2020, in or-
der to identify the microarray related to evolutionary
development of lymphocyte inhibitory receptor genes
during various phases of HTLV-1 infection in CD4*
T cells of human subjects. The keywords such as
“Human T-lymphotropic virus type I (HTLV-1)”,
“Homo sapiens”, “ATLL”, and “Whole genome se-
quencing” were being used repeatedly. Considering
the main goal of the study, we have only assessed
data related to Homo sapiens particularly CD4*
T cell line of human subjects infected with HTLV-1.
Quality and consistency of data was done using R
package MetaQC. In the next step, both differentially
expressed genes (DEGs) and Logarithm fold-change
(logFC) were measured for several different catego-
ries such as: 1) ATLL vs. HC individuals; 2) ATLL
vs. ASCs; 3) ASCsvs. HC individuals; 4) combination
of various subtypes of ATLL by GEO2R; DEGs were
selected according to Benjamini—Hochberg False
discovery rate (FDR) with p value < 0.05. The posi-
tive logFC represents upregulation, whereas negative
logFC represents downregulation. The lymphocyte
inhibitory receptor genes were selected by Kyoto En-
cyclopedia of Genes and Genomes (KEGG) path-
ways, one of the best Enricher web tools based on the
top combined scores. In addition, the super-network
comprises protein interaction network between LIRs
which was constructed by STRING online database
version 10.5. Also, the heatmap plots were generated
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using Morpheus (https://software.broadinstitute.
org/morpheus) [8]. In the final step, we have pro-
posed the signaling network in relation to potential
role of the lymphocyte inhibitory receptor genes dur-
ing pathogenesis of HTLV-1 infection.

Results and discussion

From total of 18 identified records, we only
selected and analyzed three studies: GSE19080
(https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE19080), GSE33615 (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE33615),
and GSES57259 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSES57259); they all met our in-
clusion criteria with proper quality analysis of ATLL
vs. normal, ATLL vs. asymptomatic carrier as well as
asymptomatic carrier vs. normal. Unfortunately, we
could not analyze various stages of ATLL malignan-
cy (acute, lymphomatous, chronic and smoldering)
in all included studies due to lack of information.
Overall, the expression rate of LIRs in ATLL group
was higher than either of asymptomatic carrier and
healthy donor groups (Fig. 1, I1I cover).

It is notable that the expression rate of LIRs was
also higher in ASCs in comparison with HC do-
nors (Table). Among all, the analysis of GSE33615
study showed that expression of LIRs in particu-
lar PD-1 and LAG3 genes was significantly related
to severity of the disease (p value < 0.001). In addi-
tion, ADAMI10/17 gene is coded a transmembrane
metalloprotease which is cleavage LAG 3 which
is downregulated in precancerous phase (Table).

According to STRING network, a close re-
lationship was observed among interfering genes
in lymphocyte inhibitory process (Fig. 2, III cover).
The PPIN networks consist of 11 nodes and 35 edges;
the distance between each nodes represents a close
contribution and cooperative functions of each node
as well as the color of the edges which is responsible
for type of each experiments which confirmed rela-
tionship between each node.

According to KEGG and wikiPathway databases
in relation to the effects of the lymphocyte inhibi-
tory receptor genes and their alternation in normal

signaling pathway during HTLV-1 infection, con-
stant stimulation and continuous expression of LIRs
on HTLV-1 infected CD4" T cells could cause: 1) ap-
optosis of HTLV-1 specific CD8" T cells; 2) anergy;
3) expression of immune suppressor cytokines e.g.
IL-10 and TGF-B; 4) support of Treg cells; 5) cell-
proliferation and 6) HTLV-1 infected T cells develop
into ATLL malignancy (Fig. 3, III cover).

Based on the results obtained in the present study,
we demonstrated a significant increase in the expres-
sion of genes associated with lymphocyte inhibitory
effect and their relationship with severity of the dis-
ease, in particular PD-1 and LAG3 genes in patients
affected by ATLL. Some alterations such as cell pro-
liferation, T cell exhaustion, and immune dysregula-
tion are among the main factors related to the occur-
rence of HTLV-1 infected CD4" T cells [24]. Recently,
studies have shown that the number of T cells (CD4*
and CDS8") which express PD-1, would increase
in ATLL patients [19, 29]. Either of two HBZ and
Tax proteins of HTLV-1 virus can increase the ex-
pression of IL-10 by HTLV-1 infected CD4" T cells.
Also, the induction of Treg cells function in infected
patients leads to the enhancement of 1L-10, TGF-p,
and secretion of epidermal growth factor (EGF),
these changes could cause continuous proliferation
and immortalization of HTLV-1 infected T cells, and
are considered as risk factors for ATLL [7, 16, 23, 24].
There is a dysregulation of function of LIRs express-
ing T cells which have been infected by HTLV-I;
forexample, Ouaguia et al. (2014) showed that the num-
ber of Treg type 1 (Trl) cells which produce cytokines
such as 1L-10, TGF-B, CDI8 and LAG3 increases
in patients affected by ATLL [23]. Konnai et al. (2013)
in their study on bovine leukemia virus (BLV), discov-
ered that the expression of LAG3 increases on the sur-
face of lymphocytes of bovis affected by leukemia [24].
In 2016, Yasuma et al. illustrated that HTLV-1 bZIP
factor inhibits the cytotoxicity function of T CDS8* cells
via induction of T-Cell Immunoglobulin and ITIM
Domain (TIGIT) [32]. Ndhlovu et al. (2011) by moni-
toring the HAM /TSP patients, discovered that HTLV-1
tax specific CD8" T cells decreases the expression
of TIM3 receptor. They also realized that some un-
known factors, through their non-inhibitory effects

Table. LogFC of ATLL vs ASCs or HC, as well as ATLL subtypess

GEO studies Population setting LAG3 PD1 | ADAM10/17 | TIGIT | CD160 | TIM3 2B4
ATLL vs. ASCs 0.78 0.80 NA NA 0.1 NA 0.18

GSE19080 ASCsvs. HC 0.55 0.29 NA NA 0.16 NA 0.42
ATLLvs. HC 0.48 1.2 NA NA 0.47 NA 0.61

GSE57259 ATLLvs. HC 2.47 2.79 -0.97 NA 3.19 0.06 0.31
ATLLvs. HC 213 -0.65 0.45 1.13 0.31 1.29 1.39
Acute vs. Chronic 0.29 0.03 -0.59 -0.20 -0.71 0.43 -0.45

GSE33615 Acute vs. Smoldering 2.51 1.30 0.89 2.65 -1.01 0.54 0.84
Chronic vs. Smoldering 2.69 1.39 1.50 273 -0.23 -0.11 1.27
Lymphomatous vs. other types 0.36 248 -0.54 -1.50 -1.21 -1.69 -0.44

Note. LogFC — logarithm fold-change, ASCs — infected-asymptomatic carriers, HC — healthy control.
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on exaggerative responses in immune system, could
develop chronic progressive inflammation status [25].
In 2014, Chibueze et al. demonstrated that the expres-
sion of CD160 molecule on HTLV-1 specific CD8"
T cells will have an inhibitory effect on their function,
and must be considered as a risk factor in developing
the infection into ATLL [4]. In another related study,
Ezinne et al. (2014) declared that blocking 2B4/CD48
interaction can increase functional capacity of the in-
fected CD* T cells (Fig. 3, II1 cover) [5].

In recent years, various studies have focused
on the impact of LIRs blocking drugs for treating
ATTL malignancy. For example, Pembrolizumab,
which is a monoclonal antibody against PD-1, has
successfully passed phase II of clinical trial among
T cell-lymphoma patients [3]. Relatlimab (CA224-
060), as an anti-LAG3 has passed phase 11 of clini-
cal trial [6]. Another Relatlimab (1302TiP CA224-
047) in combination with Nivolumab (anti-PD-1)
is in phase II/1I1 of the study [21]. Sym023, a human
anti-TIM3, is a well-known antibody which inhibits
TIM3 in vitro [20]. TSR-022, is a potent anti-human
TIM-3 therapeutic antibody. Anti-CD160, alone
or in combination with Bevacizumab, is considered
as an inhibitor of ocular neovascularization in rabbit
and monkey models [22]. Hence, it seems that block-
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Figure 2. The heatmap of the lymphocyte inhibitory
receptors expressed genes in HTLV-1 infected
patients; colors demonstrate the expression level
of each gene

Figure 3. Proposed hypothesis network to determine the crucial role of lymphocyte inhibitory receptors
in alternation of signaling pathway in tumor microenvironment of ATLL patients
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