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Abstract

Interferon-stimulated gene 15 (ISG15) is induced by conceptus-derived in-
terferon tau (IFNT) in the endometrium during early pregnancy in ruminants,
including goats. The expression of ISG15 in extra-uterine tissues, such as pe-
ripheral blood leukocytes (PBLs), suggests its potential as a novel pregnancy
biomarker. The onset and length of the breeding season in goats are influ-
enced by various factors such as breed, latitude, climate, photoperiod, etc. The
Osmanabadi, an Indian goat breed, known for its early maturity, prolificacy, and
good dressing percentage, was the focus of the current study. The present in-
vestigation was designed to study the messenger ribonucleic acid (mRNA) pro-
file of Caprine ISG15 (cpISG15) in PBLs using real-time reverse transcription
PCR (gPCR) on days 0, 13, 17, 21, 25 and 30 post-service in this breed. Preg-
nancies were confirmed by measuring plasma progesterone (P4) concentra-
tion and conducting trans-abdominal ultrasound scanning. The study revealed
that the expression of cpISG15 mRNA was 5 to 8-fold higher (P < 0.05) during
early pregnancy on days 17, 21, and 25 compared to day 0. There was no sig-
nificant difference in the expression of cpISG15 mRNA between days 0 and 30
post-service. Progesterone concentration was higher on days 17, 21, and 25 in
pregnant does compared to day 0. The presence of fetal parts was observed by
ultrasound between 45 and 90 d of pregnancy. It is concluded that the detec-
tion of elevated ISG15 expression in PBLs during the early stages of pregnancy
may be used as a marker for pregnancy detection in does.
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Study contribution

Goats act as a source of supplementary income along with nutritional security for
poor and marginal farmers. Goat reproduction is seasonal in temperate regions,
while continuous breeders are in tropical areas. Early embryonic mortality is one of
the major reproductive problems in ruminants. Several genes are responsible for
endometrial remodeling and conceptus development in ruminants, and interfer-
on-stimulated gene 15 is one of them. However, the temporal expression profile of
the ISG15 gene in peripheral blood leukocytes is not available during pregnancy in
the Osmanabadi breed of goats. The current study reports the higher expression of
ISG15 mRNA during early pregnancy as compared to late pregnancy and non-preg-
nant does. Confirmation of pregnancy was done by progesterone hormone esti-
mation and ultrasound scanning. Expression of ISG15 in PBLs would be helpful for
research communities to look for its exact function and mechanism, and also for
novel pregnancy biomarker molecules.

Introduction

Trophectoderm of a preimplant embryo synthesizes and secretes interferon tau
(IFNT) between 11 to 24 d of pregnancy, which serves as a maternal recognition
of pregnancy signal in different ruminant species.(' =) IFNT mediates anti-luteolyt-
ic activity through multiple mechanisms after binding to the Type-1 IFN receptor
(IFNR) on luminal endometrial cells. During early pregnancy, IFNT plays a significant
part in the recognition and establishment of the pregnancy by up-regulating and
stimulating the expression of numerous genes in the uterus of various ruminant
species, including caprine.(*~®) Interferon-stimulated gene 1SG15, is one of such
genes.(/~11)

Recent studies have shown that ISG15 is also expressed in some other ex-
tra-uterine tissues like peripheral blood leukocytes during early pregnancy (14-25 d)
of cows, (1214 buffalo,(15 10) and sheep(1”. 18). These findings provide a possibility
to diagnose pregnancy before the next cycle begins or within three weeks after
artificial insemination (Al) or natural mating. Thus, early and accurate diagnosis of
early pregnancy would provide a valuable management tool for enhancing the ef-
ficiency of goat production, allowing for a reduction in expenses related to feeding
and vaccination. Such studies are unavailable in the Indian tropical or subtropical.

The goat is a versatile animal and has been associated with man since the
dawn of agriculture and the domestication of animals. Owing to their ability to
adapt to various environmental and climatic circumstances, goats are found in di-
verse parts of the globe.('® Osmanabadi goats, one of the Indian goat breeds,
are suited to all types of rearing systems, the most ideal being the semi-intensive
system (grazing and closed enclosure). The breed is mainly reared for meat and
milk purposes. Known for its adaptability and resilience in various environments,
the Osmanabadi breed also exhibits early maturity, prolificacy, disease resistance,
and a good dressing percentage.(20)

The estrous cycle is a series of hormonal events that alters the female repro-
ductive system’s morphology and prepares an animal for conception.?!) Early em-
bryonic mortality can be prevented by detecting pregnancy before the beginning of
the next estrous cycle, which could benefit the goat industry. Given the significance
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and crucial role of ISG15 in reproduction, the current study was designed to gen-
erate a temporal expression profile of ISG15 in peripheral blood leukocytes (PBLs)
to detect early pregnancy in Osmanabadi. Additionally, pregnancy confirmation was
achieved through P4 hormone estimation and ultrasound scanning.

Materials and methods

Ethical statement

All experimental processes were permitted by the Institutional (College of Veter-
inary Science and Animal Husbandry, Dau Shri Vasudev Chandrakar Kamdhenu
Vishwavidyalaya, Anjora, Durg, Chhattisgarh, India) Animal Ethics Committee (Pro-
posal number: VGO-PC-1/2020/06, dated 17/11/2022; Registration No: 445/
GO/ReBi/S/01/CPCSEA). Chemicals were procured from Thermo Scientific (USA),
Sigma Aldrich (USA), and Macherey-Nagel unless otherwise indicated. Plastic wares
used were from Eppendorf, Genaxy Scientific Pvt. Ltd., and Tarson’s Product Pvt.
Ltd. (India).

Location, climatic conditions, experimental animals, and design
The experimental goats were maintained as per the standard practices followed
at Osmanabadi goat seed Centre, Dau Shri Vasudev Chandrakar Kamdhenu
Vishwavidyalaya (DSVCKV), Anjora, Durg, Chhattisgarh, India. This farm is locat-
ed at an of altitude 317 m above sea level on 20—22° 23—02" N latitude and
80—81° 46—58' E longitudes. Temperature ranges from 32—42 °C but can be as
high as 45 °C in the summer and down to 12 °C in winter. Average rainfall ranges
from 1 071-1 400 mm. Does, 1-1.5 years old, were selected. Goats were reared
in a semi-intensive system All the animals were fed according to the feeding stan-
dards followed at DSVCKV, Anjora, Durg.

The animals were fed high-quality fodder and roughages along with concentrates,
as per the recommendation of 12—13 % digestible crude protein and 60—65 % to-
tal digestible nutrients. The concentrate mixture consisted of 10% groundnut cake,
10% mustard oil cake, 25% maize, 28 % wheat bran, 24 % deoiled-rice-bran, 2 %
mineral mixture, and 1% common salt. Clean fresh tap water was provided to all
the goats throughout the day.

All the animals were healthy and free from any defect/disease. To ensure the
health of all animals, prophylactic, veterinary support, and hygienic measures were
taken care of throughout the experiment as and when required. The total period
of experiments was eight months. Does in estrus were continuously watched and
isolated. Bucks were introduced to these does and mating data were recorded till
kidding. Day ‘0" was considered a day of mating. Confirmation of pregnancy was
done by progesterone estimation and ultrasound.

Twenty Osmanabadi (10 pregnant and 10 non-pregnant) were selected for the
present study. Blood samples (approximately 5 mL) were collected from jugular
vein on days O, 13, 17, 21, 25, and 30 post-mating and non-pregnant animals in
EDTA-coated vacutainer tubes for expression profile of cpISG15 mRNA and estima-
tion of plasma P4.
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RNA extraction and cDNA synthesis

For the expression analysis of cpISG15 mRNA, total RNA was extracted from 200 pL
of blood using an RNA isolation kit (Macherey-Nagel) following the manufactur-
er's protocol. The purity and concentration of the extracted RNA were determined
through 260/280 nm absorbance measures using the Nanodrop DS-11 Spectro-
photometer (DeNovix). Further, cDNA was synthesized using 200 ng of total RNA
with the Revert Aid first strand cDNA reverse transcription system (Thermo Sci-
entific, USA) according to the manufacturer’s instructions. After completing cDNA
synthesis, each cDNA sample was diluted fourfold with nuclease-free water and
stored at -20 °C until further use. Synthesized cDNA was checked by amplification
with a housekeeping gene, Beta-actin (ACTB), in a thermal cycler (T-100, Bio-Rad).
The PCR reaction mixture contained 10 pM of each gene-specific primer, 5 pL of
diluted cDNA template, 2 x PCR master mix (Sigma, USA), and nuclease-free water
to make the total reaction volume of 25 pL. The cycling conditions of PCR were
initial denaturation for 3 min at 94 °C, followed by 35 cycles of denaturation for
30 s at 94 °C; annealing for 30 s at 57 °C; extension for 1 min at 72 °C and final
extension for 72 °C for 5 min. The PCR products were visualized in 1.5 % agarose
gel electrophoresis.

Expression profile of cpISGI5 mRNA in PBLs

For the gPCR, published primers for cpISG15 (ISG15F: 5-TGATGGTATCYGAGCT-
GAAG-3"; ISG15R: 5'-CTTGAGCACAGCCACAGTCT-3") and for Beta-actin (ACTB F:
5'- TCGGCAATGAGCGGTTCC -3'; ACTBR: 5'-ACYGTGTTGGCGTAGAGGTC -3") were
used.(') The qPCR was carried out in a CFX96 Real-Time PCR System (Bio-Rad,
USA). Primer concentration was optimized using the primer matrix experiments for
valid transcript quantification. All gPCR reactions were performed in duplicates in
total volume of 20 pL. The reaction mixture contained 10 pM of each gene-specific
primer, 2 pL of cDNA template, 1 x SYBR Green PCR master mix (Sigma, USA), and
nuclease-free water to make the total reaction volume of 20 pL. Cycling conditions
of PCR were initial denaturation for 4 min at 94 °C, followed by 40 cycles of dena-
turation for 30 s at 94 °C; annealing for 30 s at 60 °C; extension for 1 min at 72 °C
and final extension for 72 °C for 5 min.

A negative control was included for the qPCR assay, in which, cDNA was not
added. For each sample, a dissociation curve was generated after the completion
of amplification and analyzed in comparison to negative control, to determine the
specificity of PCR reaction. The cplSG15 mRNA expression was calculated by rela-
tive quantitation using the comparative CT method described by Livak and Schmitt-
gen.(?2) Mean threshold cycle values (Cy) for genes under study were calculated
from duplicate samples. The AC; value is determined by subtracting the average
ACTB C; value from the average cpISG15 C; values. The calculation of AAC; in-
volves subtraction by the C; calibrator value. Here, day ‘0" was taken as a calibrator.
The relative quantification was determined by the formula, 272AC
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Progesterone (P4) assay

Blood samples were collected from the jugular vein of does as previously de-
scribed. Plasma was separated by centrifugation at 1600 rpm for 30 min at room
temperature, then transferred into 1.5 mL Eppendorf tubes and stored at -20 °C
until assayed for P4. The concentrations of plasma P4 were estimated using a ra-
dioimmunoassay kit (Immunotech, France) following the procedure described by
the authors.(2%)

Ultrasound scanning for pregnancy diagnosis

Ultrasound scanning of mated does was conducted between 45 and 90 d after
mating, utilizing a real-time, B-mode, diagnostic scanner equipped with a trans-ab-
dominal 3.5 MHz linear array transducer (Aloka, Prosound 2 Japan).

Statistical analysis

Statistically significant differences (P < 0.05) in relative cpISG15 expression lev-
els in pregnant does and plasma P4 concentrations were determined using the
one-way analysis of variance (ANOVA) followed by Duncan’s Multiple Range Test
(DMRT) post hoc test by using SPSS software (version 2015). Shapiro-Wilk and
Levene's tests were applied to test normality and homogeneity of variances, re-
spectively. cpISG15 expression levels (day 21) and P4 concentration (days 0, 21)
between pregnant and non-pregnant were assessed by t-test. The results were
reported as mean + standard error of the mean, and differences between means
were assessed for significance at the 5 % level (P < 0.05).

Results

Expression profile of cpISGI5 mRNA

The ratio of RNA (260/280: 1.9 or above; 260/230 above 2.0) was used as a
criterion for cDNA synthesis. Amplification of synthesized cDNA by ACTB revealed a
specific amplicon of 144 bp (Figure ST). Constitutive expression of cpISG15 mRNA
was detected in pregnant and non-pregnant PBLs of does. Expression of cpISG15
mRNA was significantly higher on day 17 post-service and remained high until
day 21. The mean fold change in cpISG15 MRNA was 5 to 8.5-fold greater in
blood during 17—21 d of pregnancy compared to day O (Figure1). A decrease in
expression began on day 25, and by day 30, the level of cpISG15 expression had
decreased to match that of days 13 and 0. There was no significant difference in
cplSG15 MRNA expression between day 30 and day O of pregnancy (Figure 1).
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Figure 1. Relative quantitative PCR analysis of cpISG15 mRNA during different days of early pregnancy of Osmanabadi does.
Bars indicate mean £ SEM values (n = 10, each day). Different letters indicate a significant difference (P < 0.05).

The expression level of cpISG15 mRNA was significantly higher on day 21 in
pregnant does compared to non-pregnant does, with an almost 9-fold higher in-
crease (Figure 2). Both cpISG15 and ACTB showed a single peak in the dissociation
curve, indicating the specificity of the qPCR reaction and confirming that the primer
was highly specific to the target with no primer dimer formation (Figure S2).

Progesterone assay

Plasma P4 concentration was significantly higher (P < 0.05) in non-pregnant does
compared to pregnant does on day O, though both groups had plasma progester-
one concentrations below 1 ng/mL (Table 1). The plasma progesterone concentra-
tion was significantly lower on day O compared to days 17, 21 and 25 in pregnant
does. However, no significant difference in plasma progesterone levels was ob-
served among days 17, 21, and 25 in pregnant (Table 2).

Trans-abdominal ultrasonography

Trans-abdominal ultrasonography was performed between days 45 and 90
post-service, with pregnancy confirmed by the identification of the amniotic sac,
embryo, fetal head, and cotyledons (Figure S3).

Discussion

It has already been established that expression of ISG15 increased in the endome-
trium during early pregnancy and plays an important role in pregnancy recognition,
uterine receptivity, and embryo growth in various species of ruminants including
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Figure 2. Relative quantitative PCR analysis of cpISG15 mRNA in pregnant (n = 10; on day 21) and non-pregnant (n = 10)
Osmanabadi does. Bars indicate mean + SEM values. Different letters indicate a significant difference (P < 0.05).

Table 1. Plasma progesterone concentration (ng/mL) in pregnant
and non-pregnant Osmanabadi does

T

0.45 + 0.172 0.79 + 0.35° 0.09071
17 9.04 + 038P -
21 9.58 + 0.39P 0.47 £ 0.212 0.00014
25 10.0 + 0.41P -

This means that a column having different superscripts differs significantly (P < 0.05); the (-) sign indicates: not available data.

Table 2. Comparison of plasma progesterone concentration during different days
of early pregnancy in Osmanabadi does

Pregnant does 22.68 0.87° 0.53b
(ng/mL)
(n=10)
P value 0.0241

This means that rows having different superscripts differ significantly (P < 0.05).
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caprine.(! 2%) The presence of ISG15 in extra-uterine tissues like corpus luteum (CL), uterine ar-
tery and vein,(1”) uterine-placental interface,(2>) and peripheral blood mononuclear cells (PBMCs)
has presented new research opportunities to explore its precise mechanism and role, as well as
its potential as a novel pregnancy biomarker. It has been demonstrated that IFNT is released
into the uterine vein during early pregnancy, where it acts in an endocrine manner to induce
ISGs in the CL.(17,26)

The expression of ISG15 within the CL serves as a valuable marker for assessing embryonic
mortality as well as distinguishing pregnancy losses caused by the death of embryos from a
failure of fertilization in cattle, sheep and goat.(17 27) Additionally, 1SG15 at the uteroplacental
junction plays a crucial role in the sequential process of concepts development, implantation,
and placentation.(?>) The expression of 1SG15 in PBMC might serve as a peripheral and easily
monitorable surrogate marker for early pregnancy diagnosis in ruminants.(!2) To the best of the
authors’ knowledge, the current study is the first report revealing the expression profile of ISG15
in the PBLs during early pregnancy in the Osmanabadi breed of goat (Capra hircus), except one
study conducted on Aardi goats in Saudi Arabia.(2%) The onset and length of the breeding season
in goats rely on various factors, notably photoperiod, as well as latitude, climate, breed, physio-
logical stage, and the presence of a male. Goat reproduction is seasonal in temperate and polar
regions, with the breeding season occurring in the fall and winter. Nonetheless, goats are regarded
as continuous breeders in tropical and equatorial areas, where there are variations in seasonality
across breeds and locations.(21)

In the present study, the constitutive expression of cpISG15 mRNA in PBLs of non-pregnant
does is congruent with other studies that also found ISG15 expression in the endometrium, cor-
pus luteum, and PBLs as free and its conjugated forms in various species.(!!: 2729 In contrast
to the current findings, some studies® 39 did not identify the 1SG15 in the endometrium of
non-gestational cows and ewes. This might be the northern hybridization method they used to
find ISG15 mRNA. Numerous studies indicate that, compared to the northern hybridization tech-
nique used in other studies, gqPCR is more accurate and sensitive, capable of detecting as few as
1-100 copies of a particular mRNA.(31: 32) The detection of ISG15 mRNA in non-pregnants does
is likely due to the use of a more sensitive qPCR technique.

In the current study, the expression of cpISG15 mRNA in the PBLs during early pregnancy,
which peaked between 17 to 21 days, is congruent with various studies.( 7 1) Previous research
has shown that the expression of ISG15 mRNA is higher during early pregnancy (< 24 d) com-
pared to both non-pregnant and later stages of pregnancy (> 24 d) in the endometrium and CL
of does(1127) as well as other species.(’. 33) Several workers have reported that 1ISG15 mRNA/
protein level increased during early pregnancy (after day 16), peaked in between 18—20 d and
then declined by day 30 following Al in the blood of pregnant cows or heifers when compared
with non-pregnant cows or the day of insemination. The observed changes may result from the
secretion of INFT by conceptus, which acts on PBMCs to upregulate ISG15 in pregnant cows.
Various studies have concluded that this molecule could serve as a reliable marker for early preg-
nancy diagnosis. (12 34-38)

A positive correlation has been reported between the ISGs expression in PBMCs and in-
trauterine administration of the IFNT quantity.(3%) Sheikh et al. conducted a study on cows and,
based on gene expression, P4 assay, ultrasonography, and per-rectal palpation, found that the
degree of expression of ISGs was higher in pregnant and late embryonic mortality cows than
in early embryonic mortality cows. The experiment also revealed that time-dependent changes
in ISGs expression in blood neutrophils coupled with proinflammatory cytokine profile could be
useful biomarkers for bovine gestation.(“)
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In buffalo, numerous researchers have reported the expression dynamics of
various 1SGs including ISG15 in PBLs. ISG15 was observed to be upregulated be-
tween days 14 and 20, peaking by day 20, and decreasing between days 25 and
30, corresponding to on or before day 14 of pregnancy. ISG15 was observed to be
upregulated between days 14 to 20, peaking by day 20, and decreasing between
days 25—30, which corresponds to on or before day 14 of pregnancy. ISG15 has
been identified as a suitable candidate biomarker for accurate pregnancy diagnosis
within 18 d post-Al in buffalo.(10, 16, 41)

It has been reported that the expression of various ISGs including ISG15 mRNA
was significantly higher (P < 0.05) in blood, endometrium, corpus luteum, and jug-
ular blood on day 15 in pregnant ewes as compared to non-pregnant ewes.(!”) The
expression of cpISG15 mRNA parallels conceptus elongation and IFNT secretion
during early pregnancy, occurring between days 16 and 21 in does, and between
days 11 and 21 in ewes and cows.( 42 43) Some studies have also found that
intrauterine infusion of IFNT in non-pregnant ewes and cows, and in-vitro culture
of different types of endometrial cells supplementation with IFNT, increases the
expression or activities of the other interferon-stimulated genes.(“4 4%) The hypoth-
esis suggests that the conceptus secretes IFNT, which acts on PBLs, leading to the
upregulation of 1SG15 expression. (17 38)

In the present study, early pregnancy detection based on ISG15 mRNA was
further supported by estimating plasma P4 concentration. The present findings
are consistent with other studies(*6—48) that found a significant difference in the
serum progesterone profile between pregnant and non-pregnant does (P < 0.05)
on days 17 and 22. Previous studies suggested that a higher concentration of P4
is needed for maintaining pregnancy. The regression of the corpus luteum (lute-
olysis), induced by prostaglandin F2a (PGF, ), occurs if an embryo is not present
in the uterus, leading to a rapid decline in plasma P4 in non-pregnant goats. Con-
versely, when an embryo is present in the uterus, PGF,,, secretion is inhibited.(*9)

The results from ultrasound scanning were used to identify and confirm early
pregnancy (17—25 d) by demonstrating the expression of ISG15 mRNA in circulat-
ing peripheral blood leukocytes of does, which is associated with high plasma P4
concentration. The findings of the present study, along with previous studies, sug-
gest that the upregulation of the ISG15 in PBLs during early pregnancy provides the
possibility for developing a new, reliable, and accurate method for early pregnancy.
This biomarker may be particular useful for detecting early pregnancy in goats, es-
pecially within 21 days after Al or natural mating.

Conclusions

The expression of ISG15 mRNA was higher during the early days of pregnancy com-
pared to both the day of mating and the later days. Confirmation of pregnancy was
achieved through measurements of plasma P4 concentration and trans-abdominal
ultrasound scanning. ISG15 expression may be a marker for early pregnancy detec-
tion between 17—25 d postbreeding. Nevertheless, further research is necessary to
locate the ISG15 in PBLs and to examine its expression profile at the protein level.
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Data availability
All relevant data are within the manuscript and its supporting information files.
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