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Introduction 
 

Pregnancy diagnosis in buffaloes is performed 

earliest by ultrasound on day 24 and by day30 

using rectal palpation. However, in both the 

techniques there is a chance of damage to the 

embryo due to improper handling (Purohit et 

al., 2010). In ruminants pregnancy is 

established via biochemical dialog between 

the conceptus and the maternal system during 

peri-implantation period by interferon tau 

(IFNτ) which is secreted by elongating 

blastocyst that acts on the endometrium to 

alter the luteolytic signal, rescue the corpus 

luteum (CL) and ensures uninterrupted 

progesterone secretion (Mann and Lamming, 

2006), stimulates the secretion of histotroph 

(Gray et al., 2006). IFNτ upregulates certain 

genes not only in the endometrium but also in 

systemic circulation, these genes are grouped 

under interferon stimulated genes (ISGs; 

Charleston and Stewart, 1993). The ISG’S viz. 

Interferon Stimulated Gene -15 (ISG-15), 

Myxovirus resistance gene 1 (MX-1), 
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The present study was done with the objective of finding the differential expression of ISG 

15 and MX 2 genes in pregnant and non pregnant heifer and pleuriparous buffaloes. A 

total of 40 heifer and pleuriparous buffaloes were selected and divided into 2 experiments, 

Experiment I consisted of heifers (Group I and Group II) and Experiment II (Group III and 

Group IV) consisted of pleuiparous buffaloes. Group I and group III were considered as 

non inseminated control groups and group II and IVas treatment groups. Blood collection 

was done on days 0, 14, 16, 18, 20 and 25 and peripheral blood mononuclear cells 

(PBMC) were isolated from which cDNA was synthesised for expression studies. 

Expression of ISG 15 and MX 2 genes were carried out by quantitative real-time PCR, 

relative expression was calculated by 2
-ΔΔCT

 using GAPDH as housekeeping gene. Both the 

genes were upregulated between days 14 to 20, reaching the peak by day 20 and decreased 

on day 25 to the values similar to day 14. A significantly (P≤0.01) higher relative 

expression of both ISG 15 and MX 2 genes was observed on days 18 and 20 post oestrum, 

in both the experimental groups. 
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Myxovirus resistance gene 2 (MX-2) and 2-

5- oligoadenylate synthetase 1 (OAS-1), 

transcripts are upregulated between days 16 

and 22 post-AI in dairy cattle (Pugliesi et al., 

2014 and Gifford et al., 2007), 12 and 30 of 

pregnancy as compared to cyclic ewes 

(Yankey et al., 2001) and are implicated as an 

important factor in determining the uterine 

receptivity and conceptus development. 

Upregulation of such genes can be used as 

method to diagnose early pregnancy in the 

above said species. However, such reports on 

the expression profile of ISGs are scanty in 

buffaloes. The knowledge of expression of 

ISGs in pregnant and non pregnant buffaloes 

can throw light on the development of new 

methods for pregnancy diagnosis, either by 

profiling the ISGs or by detection of protein 

abundances that are transcribed by ISG’s. 

Further this allows for earlier synchronization 

and shorter intervals between services or to 

inseminate in next immediate cycle. 

Considering the importance of ISGs in early 

pregnancy and their upregulation between 

days 16 and 22 of early pregnancy in cows 

and ewes, the present study was aimed to 

study the expression profile of two Interferon 

stimulated genes (ISGs) viz. ISG 15 and MX 2 

in peripheral blood mononuclear cells 

(PBMC) of buffaloes. 

 

Materials and Methods 

 

A total of 40 apparently healthy buffalo 

heifers and pleuriparous buffaloes between 

age group of2 and 10 years, over 280 kg body 

weight and free from reproductive 

abnormalities were selected for the study 

conducted at, Post Graduate Research Institute 

in Animal Sciences, Kattupakkam and Central 

Cattle Breeding Farm, Alamadhi. Selected 

animals were divided into the experiment I 

and experiment II consisting of nulliparous 

and pleuriparous buffaloes, respectively. 

Experiment I was further divided into group I 

and group II, Experiment II is divided into 

group III and group IV, group I and group III 

served as non-inseminated control. 

 

All the experimental buffaloes irrespective of 

their stage of the cycle were synchronized 

using progesterone device TRIU-B
®
 (Virbac 

Animal health, Mumbai, India) inserted 

intravaginally (day 0) and kept in situ for 9 

days; Inj. Cloprostenol sodium (Pragma
®
) 

(500 µg) was administered intramuscularly on 

day 8post TRIU-B
® 

insertion and the animals 

of group II and group IV were inseminated on 

72 and 96 hrs after administration of Inj. 

Cloprostenol sodium. Inj. Buserelin 

acetate10µg,a synthetic analogue of 

gonadotropin-releasing hormone (GnRH) was 

administered at the time of the first 

insemination. 

 

PBMC isolation, RNA extraction and cDNA 

synthesis from peripheral blood 

 

Whole blood was collected from jugular 

venipuncture in an EDTA vacutainer on days 

0 (day of insemination), 14, 16, 18, 20 and 25 

post insemination for harvesting PBMC using 

Histopaque-1077
® 

solution (Sigma Aldrich, 

USA) and used immediately or stored in RNA 

latter
®
 solution (Sigma Aldrich, USA)at-80℃ 

until the RNA was extracted. RNA was 

extracted using TRIzol
® 

LS reagent (Ambion, 

Fischer Scientific, USA) as per manufacturer’s 

instructions. Breifly, To the pellet, 750 µl of 

TRIzol
® 

LS reagent was added, mixed well 

and incubated for 5 minutes at room 

temperature, chloroform (200 µl) was added 

and incubated for 10 minutes at room 

temperature. The contents were centrifuged at 

12,000 rpm for 15 minutes at 4°C. The upper 

aqueous phase was separated and equal 

volume of ice-chilled isopropanol was added 

and kept at -20°C over night. This mixture 

was centrifuged at 12000 rpm for 10 minutes 

at 4°C to pellet the RNA. The supernatant was 

then discarded, the pellet was washed twice 

with 70 per cent ethanol and the pellet was air 
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dried. The RNA pellet was resuspended in 20 

µl of nuclease free water. The quality and 

quantity of the RNA was estimated at A260/280 

in the nano drop. The samples with 260/280 

ratio of 1.9 and above were considered for 

cDNA synthesis (reverse transcription) using 

oligo dt primers with initial concentration of 

1µg of total RNA from each sample using the 

High capacity cDNA synthesis kit (Applied 

Biosystems, USA) based on the following 

manufacturer’s instructions of 20 µl final 

volume. 

 

Quantitative real time PCR 

 

PCR conditions for each gene were optimized 

by semi-quantitative PCR using 1µL of 

cDNA, Green Master Mix and primers (10 

pM). Following optimization, the presence of 

a single product was confirmed on a 2.5% 

agarose gel by electrophoresis. Primer pair 

sequences along with optimized annealing 

temperatures are presented in Table 1. 
 

Quantitative real time PCR (qRT-PCR) was 

per-formed on eppendroff qPCR master cycler 

using KiCqStart® SYBR® Green qPCR 

ReadyMix™ (Sigma, Invitrogen, USA). For 

each sample and gene transcript, a total 

reaction volume of 15 µL was prepared 

containing 1 µL of cDNA, 1 µL each of (5pM) 

forward and reverse primer, SYBR green 

master mix (7.5 µL) and rest of the volume 

adjusted with Nuclease free water. A non-

template control was also run in duplicate. The 

house keeping gene used in the study was 

GAPDH. The qRT-PCR analysis was 

performed under following thermocyclic 

conditions: N-Glycosylase (UNG) inactivation 

at 50ºC for 2 minutes, Initial denaturation at 

95 ºC for 10 minutes, Denaturation at 95 ºC 

for 30 sec Annealing at 64 ºC for 1 minute, 

Extension at 72 ºC for 15 minutes and Final 

Extension at 72ºC for 1 minute. To prevent 

acquisition of smaller non-specific products, a 

melting curve analysis was performed. The 

efficiency of the qRT-PCR reactions was 

similar between the gene of interest and 

housekeeping gene. ΔΔCt. method was used to 

analyze the relative expression. 2-∆∆Ct value 

gave the relative quantification of expressed 

genes (Schmittgen and Livak, 2008). The 

results are expressed as relative expression 

compared to day 0 of non-bred control and 

pregnant animals. Obtained data was 

statistically analysed using ANOVA by SPSS 

statistics 20.0 (International Business Machine 

(IBM) corp., Chicago, USA). 

 

Results and Discussion 

 

ISG-15 gene expression 

 

The relative expression (mean ± SE) of ISG 

15 pregnant and control heifer and 

pleuriparous buffaloes are presented in Figure 

1 and 2, respectively. In control animals, no 

significant difference was observed in the 

relative expression of ISG 15 between 

different days, whereas in pregnant animals 

the difference in relative expression on days 

18 and 20 was significantly (P≤0.01) higher 

compared to other days. 

 

MX-2 gene expression 

 

The relative expression (mean ± SE) of MX 2 

in control and pregnant heifer and 

pleuriparous buffaloes are presented in figure 

3 and 4, respectively. In control heifer and 

pleuriparous buffaloes there were no 

significant difference in the relative 

expression of MX 2 between different days. In 

pregnant heifers, significantly (P≤0.01) higher 

relative expression of MX 2 was noticed 

between all days except days 14 and 25 which 

were similar. However, in pleuriparous 

buffaloes, the difference in relative expression 

on days 18 and 20 was significant (P≤0.01) 

and on days 14, 16 and 25 were non 

significant. MX2 mRNA expression in 

PBMCs increased gradually from day 14 to 20 

and reached peak 
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by day 20 compared with day 0 in both 

primiparous and pleuriparous buffaloes. 

Relative expression of MX 2 mRNA levels in 

PBMC was above the arbitrary threshold of 

2.0 from day 14 to 20 of pregnancy and that 

of control animals were low on all days below 

the arbitrary threshold value of 2.0. 

In a similar study, Kose et al., (2014) have 

reported 5.8 fold increase in expression of 

MX2 mRNA on day 18 following AI in 

PBMC of cattle. Kose et al., (2016) have 

reported significant increase in MX 2 mRNA 

levels on day 15 after insemination in 

pregnant ewes.  

 

Table.1 Details of primers used for real time quantification 

 

Sl. No Primer Sequence (5’ to 3’) Product 

size 

Reference 

1 ISG-15-F 

ISG-15-R 

GAAGGGAGGCCCATGGAT 

CCCTTCGTGAGGCCGTATT 

56 bp Jain et al., 2012 

2 MX-2-F 

MX-2-R 

GCACAGCAAGCTCTCTACGA 

GCAAAACCCAGAAGGACTGC 

76bp Designedfrom 

PrimerblastNCBI 

3 GAPDH-F 

GAPDH-R 

GTCTTCACTACCATGGAGAAGG 

TCATGGATGACCTTGGCCAG 

197bp Berisha et al., 2002 

 

Fig.1 Relative expression of ISG 15on different days post-oestrumin pregnant and non-bred 

control Heifer buffaloes 

 

 
 

Fig.2 Relative expression of ISG 15on different days post-oestrumin pregnant and non-bred 

control pleuriparous buffaloes 
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Fig.3 Relative expression of MX2 on different days post-oestrumin pregnant and non-bred 

control Heifers buffaloes 

 

 
 

Fig.4 Relative expression of MX2 on different days post-oestrumin pregnant and non-bred 

control Heifers buffaloes 

 

 
 

ISG 15 gene expression 

 

The results obtained in the present study was 

in line with the observations of by Pugliesi et 

al., (2014) who also reported a progressive 

increase in ISGs from day 15 to 20 post 

insemination and a sharp decrease by day 22 

in cattle. Around 6.97 fold higher expression 

of ISG was reported by Kose et al., (2014) by 

day 18 in cattle. Matsuyama et al., (2012) 

reported that average ISG 15 mRNA 

expression in PBMCs on day 18, 20, 25 was 

significantly higher in pregnant cattle, with 

higher expression of ISG 15 on day 18 in 

pregnant animals after non surgical embryo 

transfer. Han et al., (2006) have reported 

higher expression of ISG 15 mRNA levels 

from days 17 to 25 with maximum expression 

on day 18. Kose et al., (2016) reported higher 

expression of ISG 15 mRNA levels from day 

15 to 23 and reduced expression from day 23 

to 25. Kizaki et al., (2013) reported higher 

expression of ISG 15 from days 14 to 21 post 

insemination that declined by day 28.In the 

present study and in the earlier reports, the 

abundance of ISG transcripts until day 22 was 

consistent, which was correlated to the profile 

of embryonic IFNτ secretion in ruminants. 

This indicated that the presence of viable 

conceptus stimulated expression of ISGs in 

PBMC in a rapid fashion following the 

initiation of conceptus elongation and during 

the period of luteolysis blockage in pregnant 

cow (Miagawa et al., 2013). Significantly 
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higher expression of ISG 15 was observed in 

the present study from days 16 to 20. This 

indicated that the presence of IFNτ in the 

endometrium stimulated significantly higher 

ISG 15 expression from day 16 to 20, when 

its concentration was more in the uterine 

endometrium of buffaloes (Sarath, 2010). The 

increased expression of ISG 15 in the PBMCs 

during day 14 to 25 was supported by the 

study of Matsuyama et al., (2012) who have 

reported that intra uterine infusion of the IFNτ 

in the non pregnant cyclic ewes increased the 

expression of ISG 15 from day 18 to 25 post-

oestrus. The quantity of IFNτ infused had a 

positive correlation with the expression of 

ISG 15 in PBMCs. Thus the increase in the 

expression pattern from day 14 till 20 could 

be justified with the fact that the magnitude of 

increase in ISG 15 mRNA expression in 

PBMC is due to the amount of IFNτ secretion 

and conceptus elongation (Matsuyama et al., 

2012). Hence based on this concept, the 

conceptus produced IFNτ could be monitored 

by ISG 15 mRNA expression in PBMCs, 

thereby providing a powerful non invasive 

tool to evaluate embryonic mortality. 

Moreover reports in cow suggested that 

significant increase in ISG 15 expression was 

seen only from day 18 as the IFNτ reaches its 

peak by only day 17 in cattle (Bartol et al., 

1985) but in the present report we have 

observed significantly higher expression from 

day 16 onwards in primiparous buffaloes. 

This was more likely due to one day earlier 

expression of IFNτ by buffalo conceptus than 

cow (Sarath, 2010) causing significantly 

increased concentration by day 16 and 

dependent increase in relative expression of 

ISG 15 in PBMCs in pregnant cows (Green et 

al., 2010). ISG 15 expression in ewe had 

shown significant difference from day 15 to 

20 (Kose et al., 2016) which is supported by 

the report that increased expression of IFNτ 

gene in sheep was seen from day 13 onwards 

with significantly higher expression after day 

15 (Miagawa et al., 2013). Hence, the 

significant difference in relative expression of 

ISG 15 observed from day 16 onwards in the 

present study falls between day 15 and 18 of 

ewe and cow, respectively. 

 

MX2 gene expression 

 

In the present study the expression of MX2 in 

pregnant heifers and pleuriparous buffaloes 

has been studies. Similarly Kizaki et al., 

(2013) reported higher expression of MX 2 on 

day 21 than day 0. Miagawa et al., (2013) and 

Pugliesi et al., (2014) reported higher degree 

of expression of MX 2 in PBMCs from day 

15 post AI, reached peak on day 20 and 

decreased rapidly until day 22 and 

progressively decreased until day 45 in 

pregnant cows. Green et al., (2010) have 

reported higher expression on day 18 in 

pregnant cows.MX2 mRNA expression levels 

at four hrs after IFNτ treatment were 

positively correlated with the dose of IFNτ 

administered into uterus (Matsuyama et al., 

2012) which further correlates to the presence 

of elongating embryo. Kose et al., (2016) 

demonstrated increased expression of MX2 in 

PBLs by intrauterine administration of IFNτ 

lasted for approximately 10 hrs, suggesting 

that the continuous supply of IFNτ was 

necessary for continuous expression of 

interferon stimulated genes which was not 

present in non pregnant or in early embryonic 

mortality. The higher expression of MX 2 in 

pregnant animals from day 14 to 25 was 

supported by the fact that the elongating 

blastocyst secreted increased amount of IFNτ 

which coincides with the days of increased 

expression of MX 2 gene. The peak 

expression was found on day 20, a time when 

the conceptus is synthesising large quantities 

of IFNτ (Thatcher et al., 1994). 

 

In conclusion, the present study demonstrates 

that the interferon stimulated genes (ISG 15 

and MX 2) are upregulated in heifer and 

pleuriparous pregnant buffaloes and the 
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expression in heifers is more than the 

pleuriparous animals. Further studies are 

needed for identification of proteins 

transcribed by these genes, which if 

upregulated can be used for the diagnosis of 

pregnancy as early as 18 to 20 days beyond 

doubt. 

 

Note: the present work is part of Master of 

Veterinary Science thesis submitted to Tamil 

Nadu Veterinary and Animal Sciences 

University. 
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