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Abstract: Major histocompatibility complex takes the capital contribution to maternal immune responses to the
semiallogenic fetus. As the member of BoLLA-Tb, the machenism of class T chain-related genes 2 (MIC2) on
pregnant setup and delivery, till remains to be elucidated. To evaluate the possible effect of MICZ2 on pregnant
establishment and delivery, neonatal ear tissues, fetal placenta, peripheral blood Polymorphonuclear
Neutrophils (PMN) of dairy cow in different pregnant stages were collected to analyze MIC2 expression by
quantitative RT-PCR. MIC2 on PMN in dairy cows was down regulated expressed in 1st and 2nd trimesters and
recoveried back to normal level in peripartum. Moreover, MIC2 was novel upregulated expressed m neonatal
ear tissues and downregulated expressed in fetal placenta. These results suggested that MIC2 lowly expressed
in the 1st and 2nd trimester of pregnant cows could suppress NKG2D binding MIC2 on PMN and therefore,
let embryo escape from maternal immune response. Anabiotic MIC?2 expression in peripartum suggested that
maternal immune to full grown foetus recover back to normal level which be in favour of delivery. In foetus,
novel upregulated expression of MIC2 1in tissues was favourible for foetus to escape its autoimnmunity.
Whereas, downregulated expression in fetal placenta let placenta decoherenced from maternal placentome
which was beneficial to delivery.
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INTRODUCTION

The matemal immune system 1s i close contact with
the cells and tissues of fetus. MHC is a large gene family
in most vertibrates and takes the capital contribution to
maternal immune responses to semiallogenic fetus during
pregunancy (Apps et al., 2008, Schafer-Somi ef af., 2000).
MHC-I in bovine are named as Bovine Leucocyte Antigen
1 (BoLLA-T) and grouped as classic molecules (BoLLA-Ta)
and non classic molecules (BolLA-Tb) by the BoLA
nomenclature committee of the International Society for
Animal Genetics. Actually, consistent expression of all
BolLA-T in cattle may be unusual because interlocus
recombination occurs in cattle BoLA-I and even the
precise number of BoL A-I loci are not known (Ellis, 2004;
Holmes et al., 2002). Major lustocompatibility complex
class T chain-related Molecules (MIC) is belonged to
non-classic MHC-T (Holmes et al., 2002; Trowsdale, 1995,
Zwimer et al., 1998) and has three genotypes, MICA,
MICB and a pseudogene in most species (Bahram, 2000;
Chardon et al., 2000). Three essentially complete MIC
in cattle (Bos taurus) located on a single contig (NW_00

1494163) within the BoLLA-T region of chromosome 23
have been provisionally named as BolL.A MIC1, BolLA
MIC2 and BoLA MIC3 (Birch et ai., 2008). The mtron
sizes between the three BoLLA MIC are remarkably similar
to one another and even show a similar pattern to human
MIC (Bahram et al, 1994). MIC is bound tightly with
Natural Killer cell Group 2D (NKG2D) to elimiate
pathogen-nfected (or tumour) cells while prevent the
killing normal cells (Mistry and O’Callaghan, 2007).
NKG2D had been identified in cattle (Fikry ef al., 2007)
and NKG2D ligands genes had also discovered as MIC
(Larson et ai., 2006).

MIC expression had been reported on epithelial,
endothelial cells, transplanted cell and tumours
(Collins, 2004). Although, some reports presumed that
MIC was not present on CD4* and CD8" T cells and B
cells (Collins et ad., 2005), MICB expression on PMN was
applied to evaluate the prognosis of B-cell chronic
lymphocytic leukemia i humen (Nuckel ef af., 2010). MIC
are linkage disequilibrium with HLA-B (Collins, 2004) and
has important effect on semiallogenic immune or
pretection dring gestation in human (Trowsdale, 1995).
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Diary cow semiallogenic immune or pretection occurs
dring gestation but there are currently no functional data
relating to cattle MIC (Birch et al., 2008). Cause of their
broad smmilarity to human MIC m terms of genomic
location, gene structure and limited expression profile,
cattle MIC may play an equivalent role with human MHC
(Trowsdale, 1995, Birch ef ai., 2008; Marsili et ai., 2010).
Moreover, the structual and functional properties of
MICB are similar to those of MICA (Steinle et al., 2001).
The aims of this study were to detect MICZ relative
expression quantity on PMN in pregnent dairy cows and
further reveal its expression regularity m trimester of
pregnancy. Meanwhile, the possible function of MICZ
on fetal protectiom or delivery was deduced with its
expression characteristics in fetal placenta and neonatal
tissues.

MATERIALS AND METHODS

Animals: About 10 pregnant Holstem diary cows
(2-3 parity) were reared with basic feeds and forage and
milked three times every day in the experiment farm of
Guangming Milk Cooperation (Shanghai, China). The
average milk yield was 35 kg mn 1st trimester and 30 kg in
2nd trimester and the last trimester were in delactation.
About 10 healthy replacement heifer without gestation
were reared routinely and used as control. Blood were
sampled, respectively in different trimesters from same
cow and in the last time, fetal placenta and ear tissues of
neotatal calf were collected from the above cows in1 h
postparturition (Table 1). All cows were diagnosed and
did not show any clinical symptom, especially any
symptom of ovary, uteri and mammary diseases.

Preparation of PMN, ear tissues and fetal placenta:
Anticoagulated blood were sterilely collected to isolate
PMN in 1 h. About 4 mL pH 7.2 erythrocyte lysate (INH,C1
8.30g L™, Tris 2.0594 g .7, adding ddH,0 1,000 ml. and
autoclaving) (Mebus and Underdahl, 1997) was added
mto 1 ml anticoagulated blood and homogenized for
10-15 min and then centrifuged at 3,000 r min™" for 10 min.
Above manipulation was repeated tricely till the
sediemnts appeared without erythrocyte. Sedunents was
mixed with 2 mL pH 7.4 phosphate buffered solution
(NaCl18.00g L7, KC10.20 g L™, Na,HPO,1 44 g L. ™" and
KH,PO, 0.24 g 17" adding double distilled water to
1,000 mL and autoclaving (Mebus and Underdahl, 1997)
which was prepared with ddH,O and dealed with diethyl
pyrocarbonate and centrifuged again at 8000 rpm min™
for 40 sec. The last sediments was PMN. PMN were
suspensed with pH 7.4 phosphate buffered solution and
adjusted to about 8.0x10° L™,

Table 1: Fetal placenta, neanatal ear tissues and blood in different pregnant
stages of dairy cows

Samples Sample

amount _tissues

Samples

obtained from Description

Replacement heifers” 10 Rlood 2 years old, no pregnancy
First trimester of 10 Rlood Gestational age 55+10 days
pregnancy”

Second trimester of 10 Rlood Gestational age 143410
pregnancy” days

Peripartumn® 10 Blood 64 days antepartum

Fetal placenta® 10 Fetal placenta 1 h postpartim

Neonatal calves” 10 Ear tissues 1 h postpartum

Tatal 60

"Replacement heifers were applied as control because the RT-PCR was
incomplete quantitative method. In statistics, the MIC2 RNA on PMN in
replacemnent heifers was regarded as 1.000 and all the others were normalized
according to it. *The other samples were took from the same pregnant cows
throughout gestation (Cohort longitudinal design)

Ear tissues were cliped down from the inferior border
of neonatal calve’s ear in 30 min postpartitum. Blood in
ear tissues and placenta was squeezed out and rinsed
with pH 7.4 PBS and then comminuted with scissors.

PMN, fetal placenta and ear tissues were mixed with
TRIzol® (Invitrogen, Carlsbad, CA, TUSA) and snap frozen
in liquid nitrogen immediately and then took back to lab
and stored at -80°C for the use of RNA isolation.

RNA isolation and reverse transcription: PMN, placenta
and ear tissues were schizolysed with cell lysate and RN A
was extracted according to the operating mstruction of
RNAPure reagent kit (BioTeke Corporation, China,
RP1202). About 16 pl. RNA was diluted to 600 ul, and
quantitatied by ultraviolet spectroscopy (Beckman,
DU640), the photoabsorption at A260/A230 was 2.0 and
all the concentration was set up to 4 pg/6 uL. RNA (5 pl)
was forward confirmed on 1% agarose gel with 300
voltage for 8 min. Cause of that the cell mumbers of fetal
placenta and neonatal tissues could not be count, RNA
from all tisssues must be adjusted to a equivalent level for
RNA quantitation.

RNA from all samples were treated with RNAse-free
DNAse and SuperScript™ III reverse transcriptase
(BioTeke super RT kit, PR6601) with Oligo (DT) primers
for reverse transcription. About 6 pl. of RNA was mixed
with 1 pl. Olig (DT) primers, 2 pul. ANTP mixture (ANTP
mixture, Toyobo, 826503G6) and 4 pL. RN Ase free ddH,0
and reacted in PCR, Applied Biosystems, Model 9902,
TUSA at 65°C for 5 min and then quenched for 2 min on ice.
The above solution was mixed forward with 1 ul. reverse
transcriptase  M-MULV (200 U uL™', Fermentas,
00033507), 4 pL 5x fist-strand buffer and 1 pL. RNAse
inhibitor and reacted in PCR at 30°C for 10min, 42°C for
60 min and 95°C for 5 min. The last product was cDNA.
The forward and reverse primers of cattle house-keeping
gene (Bos faurus P-actin, ACTB), respectively were
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F  S-TGGACTTCGAGCAGGAGAT-3 and R 5-
CGTCACAC TTCATGATGGAA-3' (objective segment
size 194 bp) and were used to evaluate the effect of RWNA
1solation and reverse transcription. The reaction system
of Bos taurus p-actin was Taq (5 pL.) 0.3 pl., Buffer 2 pl.,
ANTP (10mM) 0.3 pl, cDNA 1 pl, primer F (10 pM)
1 pL, primer R (10 pM) 1 uL and ddH,O 14.4 pl. The above
solution was reacted m PCR at 95°C for 5 min, 95°C for
30sec, 55°C for 30sec and 72°C for 30 sec for total
35 circulations and forward on 70°C for 10 min. cDNA was
confirmed by electropheresis on 1% agarose gel with
300V for 8 min.

BoL A MIC2 sequencing and sequence analysis: Primers
were designed with software DNAMAN according to the
BoLA MIC2 sequence in GenBank. The forward and
reverse primer of BoLA MIC2 was respectively M1 5'-
AGAAAGGAGGCTTACATTCCC-3and M2 5'-GCCTGG
TAATGCTTGCTTAAC-3' (objective segment size
199 bp). Taq(5u pul. ™" 0.5 L, Buffer 5 pl., dNTP, 10 mM)
0.75 WL, M1 (10 uM L™ 2 pl,, M2 (10 uM 17" 2 L,
ddH,0 39.75 pL and ¢cDNA 6 pL. were mixed and reacted
with PCR (Applied Biosystems, Model 9902, TUSA) and
the reacted condition was same as the primers of ACTB.
The above solution was amplificated in PCR at 95°C for
5 mmun, 95°C for 30 sec, 54°C for 30 sec and 72°C for 30 sec
for total 35 circulations and forward on 70°C for 10 min.

Amplificated  segment was  seperated by
electropheresis on 1% agarose gel with 300 voltage for
8 min, objective segment was cut down and recovered
with Gel purification kit (Spin-column) (BioTeke, DP1601).
The recovered gene segment was comnected with
pMD-18-T vector (TAKARA) and transfected into
competent cell DH5¢. DHS5e was cultured at 37°C for 12 h.
MIC2 segment was amplificate from DH5¢ with the primer
M1 and M2 on above condition. About 5 uL amplificated
solution was electropherized on 1% agarose gel with
300 voltage for 8 min. All amplificated products were
sequenced and compared with MIC2 in NCBI blast while
product size n agarose gel was similar with objective gene
size.

Real-time PCR analysis of MIC2 expression: cDNA was
diluted 10 times. MIC2 primer (same as above) M1 0.2 pL,
MIC2 primer M2 0.2 ul., candidate reference genes ACTB
priuner F1 0.2 pL, candidate reference genes ACTB primer
F2 0.2 pL., ANTP mixture 12.5 pL, purified cDNA 2 ul, and
sterilizing distilled water were mixed to analyzed MIC2
expression by RT-PCR (bicer-FDQ48A, UUSA) with the
reagents of SYBR green (Invitrogen). The reactive
conditions were at 95°C for 5 min, 95°C for 30 sec, 54°C for
30 sec and 72°C for 30 sec for total 35 circulations and
forward on 70°C for 10 min.

Statistics: The data of real-time RT-PCR were analyzed by
the Cycle threshold (Ct) method (Livak and Schmittgen,
2001). MIC2 expression quantitation ") on PMN of
replacement heifers was set as 1.000, data from other
samples were normalized separately according to it.
Afterward, corrected Ct data of MIC2 expression
quantitation in differrent groups were compared using
Student t-test.

RESULTS AND DISCUSSION

RNA were successfully isolated (Fig. 1), reversely
transcribed to cDNA (Fig. 2) and MIC2 was successfully
amplified from transfected pMD-18-T-DH5¢ (Fig. 3). The
amplificated segment from transfected DH5c was
sequenced and compared and the concordance rate was
100% with the objective gene AMIC2 in NCBI blast
(Accession No. GI: 187937198) (Fig. 4).

Table 2 showed the differential expression of MIC2
on PMN 1n different trimesters of diary cows. Compared
with m replacement heifers, MIC2 were lower on PMN in
Ist and 2nd trimesters (p<0.0001) but no different with
1n peripartum (p=>0.05).

A general tendency of MIC2 expression on PMN was
fall-off in 1st and 2nd trimesters of pregnancy and
recoveried back in peripartum. The novel upregulated
expression of MIC2 in neonatal ear tissues was >300 times
in any other cows (p<0.0001).

1 2 3

Fig. 1. RNA isolated from samples on 1% agarose gel
electrophoresis; 1: PMN from replacement heifer;
2: PMN from pregnant cow in 1st trimester and 3:
neonatal calves ear tissue. The bright segments
from up to down were 28sRNA, 18sRNA and
S5sRNA
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M 1 2 3 4 5 6

Fig. 2: ¢DNA reversely transcribed and amplified with
primers of Bos taurus P-actin on 1% agarose gel
electrophoresis. The segments from right to left
were Marker (M), cDNA from replacement heifer
(1), cDNA from pregnant cows in first (2), second
(3) and the last (3) trimesters;, cDNA from neonatal
ear tissue (4) and fetal placenta (5). All of the
c¢DNA segments were at the objective segment
size 194 bp

M 1 2 3 4 5 6

Fig. 3: MIC2 amplificated from pMD-18-T-DH5¢. The
segments from right to left were Marker (M), MIC2
from replacement heifer (1); MIC2 from pregnant
cows in first (2), second (3) and the last (3)
trimesters; MIC2 from neonatal ear tissue (4) and
fetal placenta (5). All of the MIC2 segments were
at the objective segment size 199 bp

Tnversely, it was down regulated even silenced in
fetal placenta (Table 3). MIC expression had been
reported on epithelial, endothelial cells, transplanted cell
and tumours (Collins, 2004). Although, some reports
presumed that MIC was not present on CD4" and CDE" T
cells and B cells (Collins et al., 2005, Zwiner ef al.,
1999), MIC2 expression on peripheral blood
lymphocytes was also applied to evaluate the prognosis
of B-cell chromic lymphoeytic leukemia i human
(Nuckel et al., 2010). The fact that PMN were isolated from
blood and used for MIC2 quantitative expression by RT-
PCR in this test suggested that MIC2 express on PMN.

Table 2: Quantitative expression of MIC2 on PMN in different trimesters of
pregnant cows
Samples obtained from n AGT AATT 27T gpasacn
Replacement heifers (control) 10 9.832 0.000 1.000* 0271
First trimester of pregnancy (trial) 10 11.918 2.086 0.249® 0.029
Second trimester of pregnancy (trial) 10 12.327 2.495 0.182* 0.011
Pregnant cows in peripartum (trial) 10 10.160 0.328 0.804*  0.009
*The same letter on the right shoulder of data in the 4-44CT colunm meant
non-significant difference (p>0.05) and different lower case letters meant
significant difference (p<0.05). *CT: The circulation of objective gene
amplificated to setting threshold; * oo = CT (objective gene) -
(house-keeping gene); * AACT = ACT (trial) - AT (control); ¥ o-4sc1 : The
multiples of objective gene in trial than that in control; ®SE®44°T:
Standard Error

Table 3: Quantitative expression of MIC2 in neonatal ear tissue and fetal
placenta of dairy cows

Samples obtained from n ACT  AATT 9-#aCT  gE @aich
Replacement cows (control) 10 9.832  0.000  1.000% 0.271
Fetal placenta (trial) 11 12726 2.894  0.140° 0.012
Neanatal calves (trial) 7 1601 -823 309.707°  31.639

*The different capital letter on the right shoulder of data in the 2T colunm
meant extremely significant difference (p<0.01). *CT: The circulation of
objective gene amplificated to setting threshold. ACT = CT (objective
gene) - CT (house-keeping gene); * ogT = ACT (trial) - A7T (control);
*# 5-as?T : The multiples of objective gene in trial than that in
control, *SE 24T Standard Error
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Fig. 4 Comparision of clone segment with MIC2 in NCBI blast. The objective gene was 199 bp, concordance rate was

100%, gaps was zero
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In human, no protein expression of MICA and MICB
or HLA-F could be detected in decidual leukocytes from
the 1st trimester of pregnancy and thus suggested that
the role of NKG2D 1s not focussed on trophoblast
recognition in normal pregnancy (Apps et al., 2008).
Although, bovine MHC expression is somewhat different
with in human (Davies ef al., 2006), the low expression of
MIC2 on PMN m the 1st and 2nd trimester of pregnancy
in dairy cows, still suggested that PMN cytotoxicity was
suppressed by NKG2D binding less MIC2 and then let
embryo escape from maternal immune response. The
mtriguing counterevideace of this immuno-suppression
phenomenon was that MIC2 expression on PMN in
peripartum cows was recoveried back to the level of
replacement heifers m this test which was mn favour of
delivery.

MIC2 are induciblly expressed on stressed cell
surface (Borchers et al., 2009). Notably, human MICA and
MICB was high expressed on the apical and basal cell
membrane of uterus and on exosomes (embryo and
placenta) and these expression in the syncytiotropho-
blast was profit to placenta formation and let embiyo
escape from maternal immune response in the first
trimester (Mincheva-Nilsson et al., 2006). Tumor, the
abnormal tissue can induce itself expressing MICB and
therefore interfering and suppressing the activity of NK
cell (Komevic et al., 2010).

Actually, MHC antigen expressed on the bovine
placenta and their differential expression were relative
to abnormal pregnancies and retained placenta
(Davies ef al., 2004). Engagement of these data and the
fact that MIC2 was strangely up-regulated expressed in
neonatal ear tissue and down regulated in fetal placenta,
researchers deduced that upregulated expression of MIC2
in tissues was helpful for tissue escaping from fetal
autoimmunity. Although, nonage fetal placenta did not be
analyzed, the down regulated expression in late fetal
placenta which was discharged by maternal immune
response should partly venfy that the exuviated fetal
placenta was simultaneously rejected by both maternal
and fetal immunoclogical system.

CONCLUSION

The present study showed that MIC2 lowly
expressed in the 1st and 2nd trimester of pregnant cows
could suppress NKG2D bmdmng MIC2 on PMN and
therefore, let embryo escape from maternal immune
response. Anabiotic MIC2 expression in peripartum
suggested that maternal immune to full grown foetus
recover back to normal level which be m favour of
delivery.

In foetus, novel upregulated expression of MIC2
n tissues was favourible for foetus to escape its
autoimmunity. Whereas, downregulated expression in
fetal placenta let placenta decoherenced from maternal
placentome which was beneficial to delivery.
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