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Abstract

The immuno-inhibitory molecules PD-1, PD-L1, TIM-3, GAL-9, LAG-3, and CTLA-4 from blood samples
of Mongolian native cattle and yak were characterized through cloning and sequencing. As these
molecules are involved in cell-mediated immune responses, identifying the differences in their
reactions against the pathogens found in bovine species may be beneficial. The amino acid sequences
of these molecules were predicted for the purpose of characterizing their functional domains, such as
the signal peptide, extracellular domain, transmembrane region, and intracellular domain. Amino acid
alignment showed that the sequences of these immuno-inhibitory molecules from Mongolian native
cattle and yak were highly homologous to those from other bovine species. As a preliminary
application of the genetic information, we conducted expression analysis of PD-L1 in bovine viral
diarrhea virus (BVDV)-infected yak by using real-time polymerase chain reaction, and PD-L1 mRNA
expression in peripheral blood mononuclear cells derived from BVDV-infected yak was significantly
upregulated compared to that of uninfected-yak. Further studies are necessary to assess whether these
molecules play roles in disease progression during chronic infection of Mongolian native cattle and
yak.

Key Words: Immuno-inhibitory molecule, Mongolian native cattle, Mongolian yak.

Introduction

The maintenance of immune homeostasis is
important for host survival, and over-reaction of
immune responses to pathogens can result in
inflammatory tissue damage'”. Therefore, the
balance of immune responses is regulated by

co-stimulatory and inhibitory signals'’. The

inhibitory signals are mediated by immuno-
inhibitory molecules such as programmed cell
death 1 (PD-1), programmed cell death-ligand 1
(PD-L1), T-cell immunoglobulin and mucin
domain 3 (TIM-3), galectin 9 (GAL-9), lymphocyte
activation gene 3 (LAG-3), and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4)*". These immuno-
inhibitory molecules are expressed on various
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immune cells and negatively regulate immune
function during chronic infection or cancer®'?.
PD-1 is a member of the immunoglobulin (Ig)
superfamily. This protein has been identified as
a cell-surface receptor that interacts with the
PD-L1 ligand and can inhibit the function of
antigen-specific T cells”. PD-1 is mostly expressed
on the surface of T cells, but it is also expressed
on B cells, natural killer (NK) T cells, activated
monocytes, and dendritic cells. In contrast,
PD-L1 is constitutively expressed on a variety of
cells including T and B cells, dendritic cells,
macrophages, mesenchymal stem cells, and bone
marrow—derived mast cells®. The PD-1/PD-L1
pathway is involved in the immune dysfunction
associated with the development of several
tumor types and chronic infections through the
transmission of an inhibitory signal that reduces

cytokine production and T cell

2,42)

suppresses
proliferation

TIM-3 is a member of the TIM family and
has been identified as a transmembrane protein
composed of Ig and mucin-like domains”. TIM-3
is mostly expressed in dysfunctional T cells and
negatively regulates the immune responses
occurring during chronic infection and the
development of cancer'”. Therefore, it contains
an intracellular tyrosine-kinase phosphorylation
motif, which is a critical mediator of intracellular

of intracellular responses to
28,34)

signaling and
extracellular signaling

GAL-9, a member of the galectin family (also
called S-type lectins), is secreted by several cells
and has been identified as the ligand for TIM-3"".
GAL-9 consists of N- and C-terminal carbohydrate-
binding domains connected by a link peptide and
binds to TIM-3 via a carbohydrate chain®™*".
GAL-9-induced
aggregation, inhibition of cell proliferation and

intracellular calcium flux,
cytokine production, and T cell death are known
to be TIM-3-dependent'®*". Therefore, the TIM-3/
GAL-9 pathway is closely associated with immune
exhaustion and disease progression in organisms
experiencing chronic infections and tumors***.

CTLA-4 and LAG-3 are members of the Ig

superfamily and have been identified as
membrane proteins'**®. CTLA-4 is expressed on
activated effector cells and regulatory T cells that
bind to CD80 (B7-1)/CD86 (B7-2) molecules of
antigen-presenting cells, while LAG-3 is expressed
on various immune cells, such as T lymphocytes,
NK cells, eosinophils, monocytes, and dendritic
cells*””. LAG-3 has 4 extracellular Ig-like
domains, with conserved structural similarities
between domains 1 and 3, as well as between
domains 2 and 4*". CTLA-4 and LAG-3 play a
role in the down-regulation of immune responses
during the progression of chronic diseases and in
facilitating immune evasion by several pathogens
that cause chronic infections and tumors'®***®.
Mongolians have practiced animal husbandry
for a long time. Mongolian livestock graze in free-
range pastures, which is associated with a high
risk of exposure to infectious agents transmitted
by wildlife. In our previous field surveys, several
pathogens were detected in Mongolian livestock,
but none of the animals showed visible clinical
signs of infection by the pathogens detected, which
included bovine viral diarrhea virus (BVDV), bovine
leukemia virus, Mycobacterium avium subsp.

bovine gammaherpesvirus-2,
5-39)

paratuberculosis,
and Anaplasmaovis®®”. However, there is no
detailed information on the role of immuno-
inhibitory molecules during disease progression
for Mongolian native animals. Thus, molecular
identification of PD-1, PD-L1, TIM-3, GAL-9,
LAG-3, and CTLA-4 from Mongolian native cattle
and yak was performed through cloning and

sequencing analysis in this study.

Materials and Methods

Sample collection and RNA extraction: A total of
108 blood samples, including 68 samples from
yak (in Tsenkhersoum of Arkhangai province)
and 40 samples from Mongolian native cattle (in
Lunsoum of Tuv province), were collected in 2014
for RNA extraction. The RNA was isolated from
whole blood by using TRIzol® reagent (Thermo
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Table 1. Primer sets for detection and characterization of immunoinhibitory molecules in

Mongolian native cattle and yak

Gene Product size bp Primers (5’-3) Reference
513 Forward: ATGGGGACCCCGCGGGCGCT
PD.1 894 Reverse: GATGACCAGGCTCTGCATCT Mingala et al.,
) 504 Forward: AATGACAGCGGCGTCTACTT (2011)
Reverse: TCAGAGGGGCCAGGAGCAGT
Forward: CGGCAGGTCATTCCAGAAA .
PD-L1 870 Reverse: CCAAACCACAGGCTGAGAA This study
CTLA4 666 Forward: ATGGCTTGCTCTGGATTCCA Mingala et al.,
Reverse: TCAATTGATGGGAATAAAATAAGGC (2011)
GAL-9 979 Forward: GGGAGAAGTGGCAGTGGCTACAGA Okagawa et al.,
i Reverse: ATCCAGATAGCAGCACAGGGCAG (2012)
1031 Forward: CCTGATCTGTCTGGCTTTCC
Reverse: GAGAAGACTGGATCCCCACA
LAG-3 1551 This study
—-— Forward: TGTGGGGATCCAGTCTTCTC
Reverse: AGCTGAGGAGATGAGGATGG
TIM-3 843 Forward: AAACGGCACCTAAACAGAGC Okagawa et al.,

Reverse: GACAACACCAAGCCCCTAGA

(2012)

Fisher Scientific, Waltham, MA, USA) according
to the manufacturer’s instructions. The RNA
samples were then stored at —80°C until

analysis was performed.

Complementary DNA (¢cDNA) synthesis: The
cDNA synthesis was performed using a cDNA
synthesis kit (Takara Bio Inc., Otsu, Shiga,
Japan) following the manufacturer’s instructions.
After ¢cDNA synthesis, the housekeeping gene
was confirmed using a primer set for the f-actin
gene: forward 5-TCT TCC AGC CTT CCT TCC
TG-3’ and reverse 5-ACC GTG TTG GCG TAG
AGG TC-3".

f-actin gene were subjected to polymerase chain

Only samples positive for the

reaction (PCR) for amplification of each immuno-
inhibitory molecule.

PCR amplification for immuno-inhibitory molecules:
A total of 18 representative samples (3 samples
for each molecule) were selected for the
amplification of PD-1, PD-L1, TIM-3, GAL-9,
LAG-3, and CTLA-4 molecules. The primer sets
used for immuno-inhibitory molecule amplification
are shown in Table 1. In the PCR reaction, 5 pl of
a single cDNA sample was added to 45 pl of the

reaction mixture, which comprised 5 pul of X10
Ex Taq buffer (Takara Bio Inc.), 4pul of
deoxynucleotide solution (Takara Bio Inc.), 4 ul
(10 uM concentration) of forward and reverse
primers (Hokkaido System Science Company,
Japan), 10 pul of 5 M betaine, 0.25 ul of Ex Taq
polymerase (Takara Bio Inc.), and 17.75ul of
PCR amplification
was performed under the following thermal cycle

deuterium-depleted water.

conditions: initial denaturation at 94°C for 5 min,
followed by 40 cycles of denaturation at 94°C for
30 sec, annealing at the optimal temperature for
30 sec, extension at 72°C for 1 min, and a final
synthesis at 72°C for 7 min, using the GeneAmp
PCR System 9700 (Applied Biosystems, USA).
The amplified PCR products were separated by
electrophoresis and visualized under ultraviolet
light.

DNA cloning and sequencing: A total of 18 PCR
products (3 samples for each molecule) were
extracted for sequencing by using the FastGene
gel/PCR  Extraction kit
Company, Japan). The extracted PCR products

(Nippon Genetics

were ligated into the pGEM-T Easy vector
(Promega Corporation, USA), and the plasmid
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was transformed into the DH5a Escherichia coli
strain, plated on a Luria-Bertani (LB) agar
(Thermo Fisher Scientific, USA), and cultured
in LB broth (Thermo Fisher Scientific, USA).
Plasmid DNAs from the positive clones were
extracted from the LB culture by using the
FastGene Plasmid Mini kit (Nippon Genetics
Company). The plasmids were amplified using
the GeneAmp PCR System 9700 (Thermo Fisher
Scientific, USA). The quality of the plasmid
preparation for each gene of the bacterium was
verified using NanoDrop 8000 analytic equipment
(Thermo Fisher Scientific, USA), and sequencing
analysis for the bacterium was carried out using
the CEQ8000 DNA analysis system (Beckman
Coulter Inc Company, USA).

Homology analyses: The obtained sequences were
analyzed using the Bio-Edit software and basic
local alignment search tool application. In
addition, the signalP 4.1 server (Technical
University of Denmark [DTU], Copenhagen,
Denmark), TMHMM server version 2.0 (DTU),
and NetNGlyc 1.0 server (DTU) were used to
predict the

helices, and possible N-linked glycosylation sites,

cleavage sites, transmembrane
respectively, in the deduced protein sequences of
the PD-1, PD-L1, TIM-3, GAL-9, LAG-3, and

CTLA-4 genes.

Real-time PCR: To evaluate PD-L1I mRNA
expression in response to infectious diseases,
expression analysis was conducted for yak
diagnosed with BVDV infection®”. Total RNA was
extracted from fresh peripheral blood mononuclear
cells (PBMCs) by using TRIzol® reagent, and
¢cDNA was synthesized as described above.
Quantitative real-time PCR for PD-LI mRNA
was performed in the LightCycler 480 System II
(Roche Diagnostics, Mannheim, Germany) using
SYBR Premix Dimer Eraser (Takara Bio Inc.)
following the manufacturer’s instructions. The
primers used were 5-GGG GGT TTA CTG TTG
CTT GA-3’ and 5-GCC ACC TCA GGA CTT GGT
G AT-3 for yak PD-LI1 and 5-CGC ACC ACT

GGC ATT GTC AT-3’ and 5-TCC AAG GCG ACG
TAG CAG AG-3for bovine actin. The cycling
conditions consisted of initial template denaturing
at 95°C for 30 s, followed by amplification of the
template for 45 cycles of 95°C for 55, 55°C
(PD-L1) or 60°C (actin) for 30 s, and 72°C for 30 s.
A final melting curve analysis was performed
from 65°C to 95°C at a rate of 0.1°C/s (continuous
acquisition), with a final cooling to 40°C over
10 s. Each amplification procedure was performed
in triplicate, and the values for PD-LI mRNA
expression were expressed as a ratio obtained by
dividing the concentration of PD-L1 mRNA by
that of actin mRNA. Data were analyzed by
one-way analysis of variance followed by the
Student’s ¢ test. Differences between groups were
considered significant

(P) < 0.05 were obtained.

if probability values

Results

Amino acid (aa) alignments of the immuno-
inhibitory molecules

In total, full-length of 6 immuno-inhibitory
protein genes were cloned and identified from
both Mongolian native cattle and yak (Fig. 1-6).
The lengths of amplified proteins were 843 bp
encoding 280 aa for TIM-3, 972 bp encoding 323
aa for GAL-9, 1551bp encoding 516 aa for
LAG-3, 666 bp encoding 221 aa for CTLA-4,
849 bp encoding 282 aa for PD-1, and 870 bp
encoding 298 aa sequences for PD-L1.

The identities of the amino acid sequences
were 71.6%-100% and 72.8%-99.6% for PD-1,
82.5%-100% and 82.9%-99.7% for PD-L.1, 73.4%-
100% and 72.0%-96.5% for TIM-3, 94.1%-100%
and 94.1%-100% for GAL-9, 80.2%-99.6% and
70.8%-99.4% for LAG-3, and 95.9%-100% and
95.9%-99.5% for CTLA-4 from Mongolian native
cattle and yak, respectively, compared to the
corresponding sequences from other animal

species.
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Prediction for structure of the immuno-inhibitory
molecules

The amino acid sequences of the immuno-
inhibitory molecules from Mongolian native
cattle and yak were passed through the protein-
structure prediction server at the Center for
Biological Sequence Analysis at DTU.

According to the predictions, the amino acid
residues of PD-1 at positions 1-20, 21-170,
171-191, and 192-282 corresponded to the signal
peptide, extracellular domain, transmembrane
region, and intracellular domain, respectively
(Fig. 1). Additionally, the amino acid residues of
PD-L1 at positions 1-24, 25-238, 239-259, and
260-289 corresponded to the signal peptide,
extracellular domain containing IgV and IgC
domains, transmembrane region, and intracellular
domain, respectively (Fig.2). The amino acid
residues of TIM-3 at positions 1-23, 24-191,
192-214, and 215-280 were found to correspond
to the signal peptide, extracellular domain
containing Ig and mucin domains, transmembrane
region, and intracellular domain, respectively
(Fig. 3). The amino acid residues of GAL-9 at
positions 1-148, 149-197, and 198-323 were found
to correspond to the N-terminal carbohydrate-
recognition domain, a linker peptide, and the
C-terminal carbohydrate-recognition domain,
respectively (Fig. 4).

The amino acid residues of LAG-3 at
positions 1-23, 24-433, 434-456, and 457-516
were found to correspond to the signal peptide,
the extracellular domain containing 4 regions
characterized as domains 1-4, the transmembrane
domain, and the intracellular domain, respectively
(Fig.5). Finally, the amino acid residues of
CTLA-4 at position 1-35, 36-161, 162-182, and
185-221 were found to correspond to the signal
peptide, extracellular domain, transmembrane
region, and intracellular domain, respectively
(Fig. 6).

Predicted functional domains and motifs of the
immuno-inhibitory molecules
All cysteine residues evaluated for both

Mongolian native cattle and yak, specifically 4 aa
for GAL-9, 6 aa for PD-1, 8 aa for TIM-3, LAG-3,
and CTLA-4, and 10 aa for PD-L1, were intact in
their respective locations with the exception of 1
aa substitution at position 9 in TIM-3 for yak (Y).
The potential N-linked glycosylation sites in all
immuno-inhibitory molecules were entire such
as, 2 aa for TIM-3, 1 aa for GAL-9, 2 aa
for LAG-3, 3 aa for CTLA-4, 1 aa for PD-1, and
3 aa for PD-L1. A potential tyrosine-kinase
phosphorylation motif (HPVENIY) was conserved
in the intracellular domain of TIM-3 for all
bovine species. In addition, a possible cleavage
site for metalloproteases at position 404-413
with 10 aa and an immuno-inhibitory motif at
position 473-478 with 6 aa containing “KTGELE”
were found for LAG-3.
Amino acid substitutions in the immuno-
inhibitory molecules

Amino acid alignment showed that immuno-
inhibitory molecules among bovine species were
highly homologous to one another. There was no
amino acid substitution in PD-1, PD-L1, GAL-9,
cattle
compared to the Holstein and Hereford breeds of

and CTLA-4 from Mongolian native

cattle. For TIM-3 of Mongolian native cattle, 3 aa
substitutions (1 for the extracellular domain and
2 for the intracellular domain) and no amino acid
substitutions were found compared to those of
Holstein and Hereford breeds of
respectively. In addition, 2 aa substitutions (1

cattle,

for the extracellular domain and 1 for the
intracellular domain) were found in the amino
acid residues of LAG-3 for Mongolian native
cattle compared to those for Holstein and
Hereford breeds of cattle.

Amino acid alignment of the immuno-
inhibitory molecules from yak and cattle revealed
8 aa substitutions (one for the signal peptide,
four for the extracellular domain, one for the
transmembrane region, and two for the
intracellular domain) for TIM-3, 2 aa substitutions
for LAG-3 (both for the extracellular domain), 1

aa substitution for the intracellular domain of



‘so10ads oa[13ed pue ek
U99M)S(| 9OUSISJJIP PIOB OUIWER UB S9)BIIPUL 9JBNDS PI[OS Y "93IS UOIJR[AS0IA[S poyull-N [erjusjod B sojedipul o[SUBLI} PI[OS B PUR ‘ONPISAI dUI9ISAD B S9)ROIPUL
Ie)s pIos y ‘sorads aoyjo 01 paoaeduwrod jed pue 9[1)ed 9AjeU URBI[OSUOI\ WOJI) [-(d JO Soouonbos proe ourwe poonpop Jo juowusIfy ‘I “Sij

Identification of immune-inhibitory molecules in Mongolian livestock

182

......... g BYSY'D D "WASSIOWDS  * -ttt (Z8TOSOOWN) uewny
1T UWASSIOTOST (8SEVTTTOONN) ASyUOW

T'9" " WUSYDTOIL (86L800WN) ®snow

©'D"  IVSYATOEL” (Z8TOSOOWN) 38y

|||||||||| dsodyg--s (0OTSSPTTOONN) 3D

dSYdg--9 e (LL68988EY) boag

....... 0s9dg--9" " (LLLOT9S00WX) ®SIOH

TAMSOHOAILYTAMIDOASAVS I -~~~ -~ - dIATIVATIOTIADAVY
AU bR S G
<4—— urewop Je|n[[oornu]

x x

(6LEVOZTOOWN) bTa
(9E€ELSTZTOWX) UOTINOW
(860€96ETONX) 3IBOD

(G¥TLZ8Cd) OTeFFng SUTISATY
(ypILZ8CE) oTe3gng dwrems
(90GEBO0TOOWN) ST338d PIOFSISH
(ELTTLZOT) 3ABX

(ELTTLZOT) ©T33e0 ueTTOBUOR
(1060TGEY) ©T33®D UTSISTOH

*'¥sda’ "T° O ¥OIL 'Y CSOIAT CCUCUHYCATYNYT ¥ C¥T M WYS” L (Z8TOSOO0WN) uewny

©°¥SdQ T 9 VHIL OV CSDIA” S CCUUHY AR ¥ ¥T N CWIYCS” L (8GEPTITOOWN) Ao3uol

‘YVSdd " "TILA M OVDIVASWSLSOAA ™ ° TTCRYTSLT IV TTTOdT TEHTMYMCH'SS I (86L800WN) Ssnon

‘YYVHY CedT AW ST ‘I (Z8TOSOOWN) 324

‘Y¥sd- TrddT RN ‘I (0TSSPTTOONN) 3®D

‘¥vaa“ Mg N 11 (LLe898EY) Boa

Sd° "d¥sd g4 s TI (LLLOT9G00WX) SSIOH

AATD " SY R RRRRRES AR L (6LEVOZTOONN) bTa
..................... N IR SR 4 (9EELSTZTONX) UOTINOW
N ‘ay i 4 (860€96ETONX) 3IBOD
........................ O (6yTLZ8Ld) OTE3ING SUTISATH
........................ AR (ypTLZ8Ld) oTezgnq duems

m..mmH&m&z—@hQ‘Hm—wﬁgh\rﬂm\wmmUQEM&NOQGWEUQUKH&A.EV%EHAN.m.H.HA>w.H.H>mH>UH>.Hm@E@UHmM&@mmmmHHmmH.H><EH>E.HHﬁwmmHZHOHmmmANHﬂwvhg
I R T N T e R e e I N N e e T

P»€-U01301 ouBIqUISWSURL] —P¢

5 B9t . . coeges
09

‘Y OAT T TTOND

YA TXONDC

wmnzmoﬁSHmzzmoaonm,Ea>mm§ammmammnmmm5§qzazmmmmﬁzzq?mm-mmxmmmmuamaaﬁwumgqmmmmhEﬂmzmMmmﬂmqqswmsquoqizamsq«mm.H.oz
Lo e et e e e e e e T T L T T
N7t nrT nnT ne no n na D S 4 ne ne Vik{r nt

urewop AS[ »<4—opndo( [eudig—»

(90G€80TO0WN) ST33®D PIOISISH
(ELTTLZOT) 3eX

(ELTTLZOT) ®T33eD ueTTObUOR
(T060TGEY) ©T33®D UTS3ISTOH

(Z8TOSO0MN) uewng
(8SEYTTTOORN) Ao3uon
(86L800WN) ®SNOW
(Z8TOSO0WN) 3®d
(0TSSPTTOOWN) 3®D
(LL6898EY) Boa
(LLLOT9S00WX) ©SIoH
(6LEPOZTOONN) bta
(9EELSTZTONX) UOTINOW
(860€E96ETONK) 320D
(S¥TLZ8Cd) OTeIIng SUTISATYH
(ypILZ8CLd) oTeFgng durems
(90G€80TO0WN) ST33®D PIOFSISH
(ELTTLZOT) ¥ex

(ELTTLZOT) ST33eD ueTTObUOK
(T060TSEY) ST33©D UTS3STOH



183

Nyamsuren Ochirkhuu et al.

‘soads a)3ed pue ek

U99M]S([ 9OULISJJIP PIOB OUIWER UB S91BIIPUL a1enbs pIjos Y "031s U0I)R[AS00A[S poyul]-N [eruejod e sejedipul o[3URLI} PI[OS B pUR ‘ONPISAI dUI9)SAd B S9jedIpul
Ie)s pIos y ‘soroads Jo9y1o 01 paaeduwroo yeA pue 9[11ed 9AI)RU UBI[OSUOJ\ WoJ) [T-dd JO Seouanbos proe ourwre peonpoep Jo juewulI[y °g Siq

-

g

oHM " 'L

CCIATIDS M CO-NMCAC AL W

A

s

I

“dTIS TT'M°
St

*NOa
“ENd "
"ENd -

LITIOLYNOOMSNHAYLADMIATWNEAQIN TOA IAVTIASTOTATYOTIATHNINNVAATA-dEd IATEVINNITHO THYA LOXAI IMAY LL

CegtCTUWOIMCLOAECCADC

Lan

e e
<4— uordor renEoenu] — P <4— 101301 SUBIqUIDWISURIL],

Sy

NI

ATLS LANJI T
-

JIIMS

(I I
urewop D3]

SLISIMOSTAOHASSIMIAQYAdADEVOILTEHASIAJAA-SI
R o

LHAIMIAIVNANT
e

LI

2508

XAYOOXSITODAADVADTIAALI

RN RN I
¥¥ o1t

0T
|-
-

VMO TATOITIOVIOHASSHOANdATIONAIDO I IMMATWIMAAATATINTONAAJ AT

sl
x

v

DT TIANSOXIAAK
]

a

MS,
|-

ALILAVATIOOAVNALTASATIN

aEEow, \,/wH

>t—

o - |

opndod [eusis —»

(€68TZONN) SSNOW

(EPTPTOWN) uewny

(91877 vdd) Aosuon
(zogTvsHx) boa
(Z78Z67TOOWX) ©SIOH
(08LLEBAY) b1a

(9vTLZ8Ld) oTe3gng duwems
(ZIPE9TTOOWN) ST33©0 PIOFSISH
(GLTTLZOT) 3ex

(PLITLZOT) ©T33eD uetTobuol
(Z060TGEY) ©T33®D UTS3STOH

(£E68TZOMN) ®SNOW

(EPTPTOWN) uewny

(91877 7dd) Aouow
(zoe1vsWx) bBoa

(278267 TOOWX) OSIOH
(08LLEBAY) bta

(97TLZ8Ld) oTezIng durems
(ZIPE9TTOOWN) ST33ED PIOFSISH
(GLTTLZOT) ¥ex

(7LITLZOT) ®T33ed ueTTobuol
(Z060TG€Y) ST33®D UTS3ISTOH

(E68TZOWN) ®SNORW

(EPTPTOWN) uewnyg

(9187 7pad) ALoxjuon
(zoe1vsWx) bBoa

(Z78267 TOOWX) SSIOH
(08LLEBAY) bta

(971LZ8Ld) oTe3zIng dwems
(ZIVE9TTOOWN) ST33eD PIOISISH
(SLTTLZOT) Hex

(PLTITLZOT) ©T33ed> uetTobuol
(Z060TSEY) ©T33©D UTS3STOH



Identification of immune-inhibitory molecules in Mongolian livestock

184

'X0(| B UL Paso[oua sI jrjowr uorje[Lroydsoyd
9SBUNY-0UIS0IA) O], 'Sorads 9[)3ed IoY)0 PUB S[}IBD SAIIRU UBI[OSUOJN U99MIS8Q UOTINIIISqNS PIOR OUTWIR UR SI)BITPUI S[IID PI[OS Y 'SOwads a[)jed pue ek
USOM]S(| SOULISJJIP PIOB OUIWER UB S91BIIPUI a1enbs pIjos Y "931S UOI)R[AS00A[S poyul]-N [eriuejod B sojedipul o[3UBLI) PI[OS B pUR ‘ONPISOI dUI9)SAd B S9jedIpul
Ie)s pIos y ‘somads aoyjo 0} pareduiod jed pue 9[118d 9AIIBU UBI[OSUOI\ WoJ) ¢-ALL JO seouonbos proe ourure peonpop Jo juowulIfy °g ‘Siq

dNS VYSHYE-X N'E' " ** ' Y orrr=w A grregr e SH" (28LZEOWN) ueung
*@d0 " CRTC-ATNSNT I CES¥I¥ATOYC T 9Tdr TSST ¥ MD (Z9LOOTTOOWN) SSnol
..OH...M..IN ..... -..omm....w.ﬂ. _H- m ..-> ..... .H...mN Ammvwmmﬁv .moa

ol SRR R ccoemeul vt T4 A T SH (S98Z9EE00NX) oSIOH
B NILIA dEXCCCC ‘Ar@Escl e I'a-ada - At NG SE (60TPETE0ONX) bBTa
..O.U.....IN. . AR I AMNwameOvﬁc 3209
N N -x I (9T0600700WX) do9ys
R R f R I (62SZ000T) OTe®IINg SUTISATY
B RERRRRY A I (0£52000T) oTe3Ing durems
.......... I (SOTLLOTOOWN) ST33®0 PIOFSISH

.- L (€8TTLZOT) Hex
.......... I (Z8TTLZOT) ©T33ed uBTTObUOK
SOHOSNASDA-DTAdAIATXANTTI IXINFAGHROIVYINVIOSASINYILITSSNOINENNAS AMNTITOOS ITITYVIOVAADYOIXAIOLYL (669689€¥) ST33®D UTSISTOH

e

R R e R e e e e N

<
<«

UTeWop IB[N[[ode)U[— P 4101301 SURIqUIdWSURI [P €—

L¥)---—----- WA TEIVILS IHLONMAHTIMTLYIASA- -dONLLTWIdIVLL I AIMd IMYA IANVYAN I I THINSMEANNIOdAO IMODALISAVTIA

e a v

CeMATONTM -
CItSTCTUUNT DDt

UIBWOP UIONJA] > <

NMIITLAGOMHTAUNTIAYS SLOALANYOALITATS ADEIAGDIDNOMIAATINILLYASALOATAYNDODADSARYON TS ST TTTIN-TIADAITTHS AN

P N P

...,‘..l

urewop A S| > <

N g e e e e

ey ag
opndad [eusls —p

(Z8LZEOWN) uewWNH
(Z9LOOTTOOWN) SSNOW
(9579€SHX) boa
(G98Z9EE00WX) ©SIOH
(60TFPETE00WX) bTa
(£22£89G00WK) 3B0D
(9T0600700WK) deays
(62520007I) ©OTRIING SUTISATY
(0£52000T) oTezIng durems
(SOTLLOTOOWN) ©T33®D PIOIDISH
(€8TTLZOT) ¥ex

(Z8TTLZOT) ©T133eD ueTTObUOK
(G69689€¥) °T33D UTSISTOH

(Z8LZEOWN) ueuny
(Z9LOOTTOONWN) SSnoW
(9579€SnK) boa
(S98Z9€E00WX) SSIOH
(60TFETEO0ONWK) bBTa
(£2Z£89G00WK) 3BOD
(9T0600700WxK) deays
(6252000T) OT®BIING SUTISATY
(0€52000T) oTezzng durems
(SOTLLOTOOWN) ©T33eD0 PIOISISH
(€8TTLZOT) 3IeX

(Z8TTLZOT) ©133®0 ueTTObUOR
(5696899Y) ©T33©0 UTS3ISTOH



185

Nyamsuren Ochirkhuu et al.

"8IS UOT)R[ASO00ATS poxul[-N [e1jusjod B $99edIpul o[SUBLI) PI[OS B PUR ‘ONPISAI SUI)SAD B S91eIIPUL
Ie)s pI[os Yy ‘soroads J0y1o 01 paaeduwrod yeA pue 9[118d 9AIJRU URBI[OSUOJ\ WOJJ G-IV JO soouanbos proe ourwie peonpop Jo juowusI[y ‘¥ ‘Siq

(80EZ00WN) ueWNH
(STP9STTOOWX) ®9zuedwTyd
(TOE6STTOOWN) SSnol
(GLOTOSTOOWX) SSIOH
(G7€E€00TO0NN) bBoa
(98%2T0700WX) desys
(LZSZ00DT) ©oTe3Ing SUTISATY
(OLSSTOTOOWN) ST33®0 PIOISISH
(6LTTLZOT) X

(8LTTLZOT) ©T33e2 ueTTOBuOR

LOAHLTOIAOOATTINNIVATINYTEHHATITHOSAAVANADHD ZONIMAS SOOI AIINDIATSUTTSOMSONIOLNIAAYNINIYINTHAYIASHSHINI AIIOVS (L696899¥) ST33BD UTS3STOH
T T T T e
<+ x ;ﬂmEow uonIuS0901 AJeIPAY0GIEd [BUITI-N
A e LT REYH WA YIS e BA* TA “memD AT A USTNAT LA Cepeee e . (806Z00KN) ueumy
> .HH ......... m._H.H. zm «.m..%.ﬂ.ﬂ._ﬁm....m..o>..H>..|Il_ﬁ...m...gm ...... M.WE..H\V ..>..m ..... V_H Amﬁvwm.ﬁ.ﬁoozvmv mmNcmmEHﬂU
AN "IN """ Na'd'X" "IL'¥ 'L ""A " "D°Ls """ I AW IL- (TOE6STTOOWN) SSnoW
A ggrccc a - W'Y " "YW dY¥ X0 T4 IR (SLOVOSTOOWX) ®SIOH
A "o - S W L1 'YL "I d " LIOA" "IA (SPEE00TOOKN) 6oa
............................ mm...>............_H.......>. ﬁmmﬂNHOVOOEV nmwwﬂﬁm
...................... Rttt (LZSZ000T) OTeIING SUTISATY
........................................................ (0LSSTOTOOWN) ST33E0 PIOISISH
........................................................ (6LTTLZOT) ¥EX
........................................................ AwFHHFNU_Hv OH”UNU :.m..n.nomﬂoz
dTILIOSATISMSAXTODTISIAIATORAINAAAYAAIAANAINODAYSHILHAILD - --YIdYSNYAMIDAd0ASISSTOAADLISIVATYHAJAYHYADLATNONANAY (L69689€8Y) ST33eD UTS]STOH
[ T B R B B R B B IR B IR B B IR B SR IR SR IR IUICIIC SRR
022 >« opndad 1oyury > <
a T araR I a N Qo NOSAd e 1SS "I'NA BT " - IS '¥'sTd ss (80E£Z00WN) ueuny
.Q.....-.H...Q.mva.vH .......... m..m.x.m ........ Q ........... zomh...ha. -H..m.m z> o.m ........ _H_.m 4 m_H.m..U.m. AmHWWmHHOOEV QWN—hmmE..ﬂﬂﬁU
" 0-YadSMLL : traste (TOE6STTOONN) SSnNoW

(SLOTOSTOOWX) SSIOH
(S7EE00TOOKN) bBoa
(98%2T0700WX) desys
(L2G2000T) oTe3Fng SUTISATY
(OLSSTOTOOWN) ®T33®D PIOISISH
(6LTTLZOT) ¥ex

(8LTITLZOT) ®T33®d ueTTObUOR
ATSSOADIDTHISIDYOIAWHNNN TTLOMS DIOMLNOAAXDDTHININIHAVI ASANADLOINAVIINDDSATAVOI ILIMHOAOTOODINDLIAAAANI ASYOVIDIVIH (L696899Y¥) ©T338D UTS3STOH

R R R 1S N R EE R R
urewop uonugooar 9jeIpAYoqIed [eUItLId)-N >




Identification of immune-inhibitory molecules in Mongolian livestock

186

"991S UOTYR[AS09A[S posuIl-N [erjuajod e s93eoTpur 9[SUeLI}) PI[OS Y "JI}OW AI0JIqIYUL HTHOLI 9Y3 ST X0q 9} UI PIso[oury] 'Soseajoldo[ejoul 10J S9)Is 93eABa[o
arqissod axe ‘(4) snid e £q pajedTpul ‘CTHF-FOF SUorIsod Je SoNpISaIl pe ourwe JYJ, "soads 9}3ed I9Y)0 PuE d[)}ed SATJRU URI[OSUOJ USOMID(Q UOTINIIISANS
poe ouTWE UB $9JBIIPUI J[OID PIOS Y 'Somads o[13ed pue el Uoom)a( 9OUSISJIP PLE OUIWE Ue S9JLdIPUI aIenbs PI[OS € pUB ‘ONpPISAI dUISAD B S9)edIpUI
Iejs pIjos y °‘soroads 10730 03 pasedwiod ek pue 9[)1ed dA)ERU UBI[OSUOJ\ WOy ¢-HY'] JO sdouonbos proe ourwre paonpap jo judwuSIy °G ‘Sig

........ b (o RREEECEY: ST SR p—"— CUCATT COWAT @St AW (98ZZ00KN) ueumy
........ 04" IO d” E OOWEL *CCATAC C99MTIASIYYSH  "-S°S'WY IV D (6LFB00KN) SSNOW
........ a0 T T a IYIEL T -

TUUATTIOINTI D 9 ESRRRE (86€Z6VTOONX) 9SIOH
T E-TT9TMDT D o (90€S0TTOORN) BTa
o . B AR (185L00700WX) desys
...................... (8G9€€0DT) OT®IING SUTISATY

(L9G€€0DT) oTe3z3znq durems
(9ZTE6SHX) ST338d PIOFSISH
...................................................... PPt (18TTLZ0T) X

BT AT CE Temmm

................ Gt e el (0BT 75) 3733€D URTTOBUOR
d0E4010d0STdIdIdAITATAAdHd - - - - FTAIATIDINE SYOSAHLOHATVS NI T IMONIMTHAS SYDIATTTTITIOTI TT-d THY IOV TVIOSUOYOIHS THLTAAVLIOTTY (6608099¥) 13380 UTSISTOH
R B e B e R L T R TR R P P R P
< urewop Ie[n[[adenu] ————p ¢—— uoI3aI durIqUIOWISURI] ———P¢—————

‘EOVE" C CSdSTCdl” ‘9t rrane coE : o cegtdLnt e : (98ZZ00WN) ueumy
M o : (6L¥800KN) SSTOW
(86E€Z67TOOWX) 9SIOH
(90€SO0TTOORN) bta
(I85L00700WX) deays
(8G9€€00T) ©OTBIING SUTISATY
(L9G€E0DT) oTe3zgng durems
(9ZTE6SWX) ©T3380 PIOFaISH
(T8TTLZOT) 3¥eX
(08TTLZOT) 1330 ueTTobuok
DOXTHOOMADSTAVYAdLTIMEDE STIOSUNATASMAIIADDSYALATIIANITSOS SOXANAIALIAVTIALYS TOYOOTHAND LA LOVOVOOAVE T TLINNIAOVATIAIDTOId IMNYITSSOIOADIITIOATIA  (660809€8Y) ST338D UTSISTOH
.- R o A A i A i A S S

|- I I | I I oy | 3 I I oyl I | | I | I I I 378
 UIBWOP Je[N[[o0BNXH > < ¢ Uurewiop Ieyn[[ooenxyq
‘QUTH (982Z00WN) ueuny
cratT” (6L7800KN) SSNOW
‘@it (86€Z6VTOONX) 9SIOH
TQ¥Is (90€S0TTOORN) Bta

'O’ OTY DYSOTING " ¥ (185L00700mx) desus
................. (859€€0DT) OTEIING SUTISATY
................. (L9GEE0DT) oTe3Fnqg dwems
................. (9ZTE6GHX) 913380 PIOFSISH
................. (T8TTLZOT) =X
................. (08TTLZOT) ST33e2 ueTTObUOR
MSOVOVAALTLVEdETOTAVINALI SANADQUALTISOOMLOSATSSADI TATINOATHHHI SHOAJAYDAD - ~dIMHAS VA TAGYSASONTAAMS SIMTIDdd SYLAVYOIAI TITIOV TV - ~INDIMAVYHA IOV AV (6608098¥) ST33©d UTSISTOH
L L T
° v 2% »v < X
hal ]

7 UIewop Ie[n[[ooenxyg P>

¥° "MSS" ' "dHdDAVYIdHOAVYYdd " "d' 0
‘9'¥'0" 'S WOOHTIATY----dIdLd0" "a "0 " "I '99¥ TANd IN'SMNT " "HA" "

[o5 &5 S SF - SRR 34 SR o RS 1§ (98ZZ00WN) ueumy
“TUMCU9SSATd E DT IDTTIA¥WH (6LF800WN) SSnoW
(86EZ6YTOOWX) 9SIOH
(90€S0TTOORN) Bta
(I85L00700WX) deaus
(8G9€€00T) OTe3IING SUTISATY
(L9G€€0DT) oTe33zng durems
(9ZTEESWX) ST33eD PIOFSISH
(I8TTLZOT) 3ex
(08TTLZDT) ©T33ed ueTTobuoR
YaTIMTSIADUOTONTTTOANAO T IO IHTOOIVIITALAYEdDdOYdLdVY - - -~ —— -~~~ === —= SOSTIAHOMIADEINATSTADTA I LdSOITOVAYOTIOYMAAATYOIIIVIAVYYMTIOTITMADIMVAMTH  (660809€8Y) ST338D UTSISTOH
T I
PR P —— PR PR - - . * . -

1 UIRWOP JR[N[[00vNXY - —p €¢—— opudoq pusiy —»



187

‘so10ads o130 pue ek
US9M]S([ 9OULISJJIP PIOB OUTWE UB S9)BIIPUL 91eNDS PI[OS Y "931S UOI)R[AS00A[S payull-N [erjuejod e sojedipul o[SURLI) PI[OS B PUR ‘ONPISAI dUI0)SAd B SojedIpul
Ie)s prjos y ‘saroads aayjo 0} paseduioo jeA pue 9[))ed 9AIIeU UBI[OSUOJ\ WOIJ H-Y LD JO seousnbos proe ourwre paonpap jJo juswulify °9 ‘Sijq

Nyamsuren Ochirkhuu et al.

.......................................... R Y EEEERPPEE DR (600602AY) ueuny
.......................................... R R REES SR (9787pEaY) KosuoR
.......................................... At R G RREIIRY. TNy, (IpLZP0D") oSnNoW
................................................................................ "8 SEIEIEINEY DI (SZLOLTAY) 3®D
................................................................................ | SRR IR Amvmvm.ﬁ.ﬂwv DOQ
................................................................................ D R (07L2604%) dooys

NIdIIXd0IONTOIdALAdWIARAD LI T SUMN TS TSAVLIITASAIITOSSAVYIIMTIIASAdOdTIATARIOLOND IDAXXIAdANTIAMDAXTOL

_,;(r_,,_,,_,,,*,,«,,(r

<4———— 01301 IB|N[[00BN U] ——P€— UOIF0I QUBIqUIOWISUBL] —P> ¢

(zpTLZ8Cd) oTezgng durems
(L6ZVLINN) ©T33®D PIOFSISH
(LLTTLZOT) Hex

(9LTTLZOT) ©T33ed ueTTobuolk
(9€60T68Y) ST33®O UTSISTOH

T T YYINTOWN 9" " "1T° (600602AY) ueuny

T°S T R IWINTYYM ¥ " "T° (9v8yveay) Aosuon

TOIT AL JdTOTOVMANIT T° (T¥LZY0D€) SsnonW

TS Y¥IQIOV "9y "d” (GZLOLTAY) 3®D

TSt ¥'1aady’ "Wy Cd9” (e¥87STd¥) boa

.H ............. I:‘m ............ onﬁNmOthv nm@@ﬂ—m

.H ............. Ilm ............ ANVHFNQH‘.HV OHMNW_.-—Q nmEmgm

......................................................................................................... J T (L6ZVLTHN) ST338> PIOIOISH

......................................................................................................... J T (LLTTLZOT) eX

......................................................................................................... PO LI A@FHHPNU.HV wHu‘umU GN‘.H.HO@:OE

WTOOILINAMNDNS IDIDISAATILTEAIARALOVOATIADS OV IITALANATAYIDSSTXEDS ASYADUSSYTAAIIOIANWONSING TIATAITYIOAMINS I~ ~MMIOHSOIDSOYN  (9€60T6EY) ST3I3BO UTSISTOH
Tf Lyl Sk [ I L_.n 1 [ | [ ‘,‘* I I [ ‘,‘4 [ I I *H [ 0 [ x

urewop A S| > < opndad eusig




188 Identification of immune-inhibitory molecules in Mongolian livestock

(107)
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Fig.7. Analysis of PD-L1 mRNA expression by
quantitative real-time PCR. PD-LI mRNA expression
was determined in leukocytes from BVDV-infected and
uninfected yak. The degree of PD-LI mRNA expression
is shown as the ratio of the concentration of the PCR
products from PD-LI mRNA to those from pS-actin
mRNA.

CTLA-4, 1 aa substitution for the extracellular
domain of PD-1, and 1 aa substitution for the
intracellular domain of PD-L1.

Expression analysis of PD-L1 in BVDV-infected yak

For preliminary application of the genetic
information, we examined the PD-L1 mRNA
expression levels in leukocytes freshly isolated
from BVDV-infected and uninfected yak. Only a
limited number of yaks were available for
testing. As shown in Fig.7, PD-L1 expression
levels for the infected animals were statistically
significantly higher than those for the control
yak.

Discussion

Molecular characterization of the immuno-
inhibitory molecules PD-1, PD-L1, TIM-3, GAL-9,
LAG-3, and CTLA-4 from Mongolian native cattle
and yak was performed in this study. The
obtained were

sequences compared to the

corresponding sequences of various animal
species including cattle, buffalo, sheep, dog, pig,
and mouse. The amino acid sequences of the

immuno-inhibitory molecules from the tested

animals showed high homologies to those of
bovine species, indicating a close relationship
between members of the species. The analyzed
genes, with the exception of GAL-9, were predicted
to encode signal peptides, extracellular domains,
transmembrane regions, and intracellular
domains. GAL-9 was structurally different and
was predicted to consist of N- and C-terminal
carbohydrate-binding domains connected by a link
peptide, because GAL-9 is a soluble molecule
secreted by several cells and was originally
characterized as an eosinophil chemoattractant™.

Cysteine residues are important for protein
stability and function, because they are often
involved in disulfide bonds that stabilize the
protein structure, as well as in binding metallic

% The cysteine residues in the

ions for function
analyzed genes were almost all conserved in
their respective locations for all bovine species.
However, single amino acid substitutions were
found in TIM-3 from yak, GAL-9 and LAG-3 from
riverine-type buffalo, PD-1 from both swamp- and
riverine-type buffalo, and PD-L1 from swamp-
type buffalo. In total, 2 substitutions were found
only in LAG-3 from swamp-type buffalo.
N-linked glycosylation sites also play an
essential role in folding and quality control for
proteins in the endoplasmic reticulum, and a
tightly controlled biosynthetic pathway ensures
the correct assembly of the glycan®*”. Numerous
diseases associated with defects in the
N-glycosylation pathway highlight its importance

17,19)

in humans . Potential N-linked glycosylation
sites were found in the amino acid sequences of
the immuno-inhibitory molecules identified from
Mongolian native cattle and yak, 1 for GAL-9
and PD-1, 2 for TIM-3 and LAG-3, and 3 for
CTLA-4 and PD-L1, and were all intact in their
respective locations.

The tyrosine-kinase phosphorylation motif
(HPVENIY) in the predicted intracellular domain
of TIM-3 for Mongolian native cattle and yak
was identical to those of other bovine species.
motif for

In general, the tyrosine-kinase

phosphorylation transduces signals through the
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phosphorylated tyrosine, by acting as a functional
receptor in many important physiological processes
including cellular growth, differentiation, and
intracellular signaling”*****”. The inhibitory
motif in the cytoplasmic region (KTGELE/
KIEELE) of LAG-3 was conserved for both
Mongolian native cattle and yak. This inhibitory
motif is known to mediate intracellular signal
transduction by down-regulating T cell
expansion®.

Alignment of the deduced amino acid
sequences revealed 1 aa substitution for CTLA-4,
PD-1, and PD-L1, 2 aa substitutions for LAG-3,
and 8 aa substitutions for TIM-3 between the
yak and cattle sequences, but no substitution for
GAL-9. Immuno-inhibitory molecules and their
ligands play a crucial role in the immune system,
because they can inhibit communication between
adjacent and distant cells, a mechanism that can
facilitate disease progression during infection®'>*.

Amino acid substitutions in these immuno-
inhibitory molecules may alter their functions,
but it remains to be determined whether the
substitutions observed are functionally important.

Recent studies showed that over-expression
of immuno-inhibitory molecules leads to immune
dysfunction during chronic infections in animals

122326404249 " However, there are no

and humans
reports available on the role of these molecules in
disease progression in yak. Thus, the expression
level of PD-L1 for yak during natural BVDV
infection was investigated using quantitative
real-time PCR to obtain preliminary insights into
the influence of PD-L1. BVDV has the ability to
cause persistent infection in cattle, due to the
involvement of immuno-regulatory host factors,
including the expression of cytokines, but the
exact mechanism of disease progression in infected
animals is not well understood®”*”. Although the
expression levels of other immuno-inhibitory
molecules for yak were not investigated, because
the number of BVDV-positive samples from yak
was limited, the expression level of PD-L1 for
BVDV-infected yak was higher than those of
BVDV-uninfected

control yak. According to

established reports, the negative regulatory
PD-1/PD-L1 pathway has been implicated in the
induction of effector lymphocyte exhaustion during
chronic viral infection, such as infection with
HIV, SIV, LCMV, and HTLV-1>"**"*3 Thege
data might suggest that PD-L1 is involved in the
inhibition of T cell function or immunological
tolerance during BVDV infection. Further studies
are necessary to determine the roles of immuno-
inhibitory molecules for Mongolian native animals
during the progression of diseases including
BVDV.

This is the first report describing the genetic
characteristics of immuno-inhibitory molecules
from Mongolian native cattle and yak. This study
demonstrates that the amino acid sequences of
immuno-inhibitory molecules from Mongolian
native cattle and yak are highly homologous
to each other and to their counterparts in
Thus, further detailed
investigations of these molecules are necessary to

other bovine breeds.

elucidate the differences in the immune responses
to chronic infection in these animal species.
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