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Abstract

(ISG15) in does, both pregnant and non-pregnant, during the early pregnancy period.

THE article aimed to assess the mRNA-expression levels of Interferon-Stimulated Gene 15

Additionally, to determine pregnancy detection parameters using the ISG15 mRNA expression

pattern. In this study conducted in Al-Saqlawiyah, Al-Anbar governorate, Iraq, 25 does and 5 bucks
were utilized from March to October. The estrus induction protocol involved the use of intravaginal
sponges containing Medroxy Progesterone Acetate for 12 days along with 500 IU PMSG at the time
of sponge withdrawal. Estrus was identified, and the breeding bucks facilitated mating. Pregnancy
status was assessed through transabdominal ultrasonography. Blood samples were obtained from does
before estrus induction and after mating (on days 15 and 25 post-mating). Subsequently, RNA
samples were extracted from peripheral blood leukocytes (PBLs), and ISG15 expression levels were
evaluated using Real-Time PCR. The Receiver Operating Characteristic (ROC) curves were used to
determine the efficiency of the ISG15 method in pregnancy detection. The results indicated a
significantly higher (P<0.01) expression of ISG15 in pregnant does on both days 15 and 25 compared
to the control (before mating) and non-pregnant does during the same periods. Additionally, there
were no significant differences observed between the two time frames within each non-pregnant and
pregnant group. The ROC curves derived from the RT-PCR data on day 15 demonstrated a higher
Sensitivity (Se) and Specificity (Sp) of 90% and 100%, respectively, with a dependable cutoff value
>3.15. Moreover, on day 25, the ROC curves recorded 100% Se and 80% Sp at the designated cutoff
point of >1.5. In summary, ISG15 exhibited a significant upregulation exclusively in pregnant does,
while displaying only slight changes in mated/non-pregnant does. Due to its high accuracy in
predicting pregnancy, it can serve as a reliable method for detecting implantation and early pregnancy
in does.
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embryo in the morula stage can be recovered from

Introduction

The Iraqi native goat is distributed all over the
country, which is important for meat and milk [1]. It
is characterized by high reproductive performance
values such as high fertility rate, prolificacy, short
puberty and litter size [2,3].

In Does, embryo implantation is crucial to
pregnancy  success, the successful embryo
implantation process requires the co-regulation of
multiple hormones and molecules to the formation of
endometrial receptivity and control of embryo
implantation [4]. The embryo reaches blastocyst
satge at day 7 in culture in goats [5]. The Caprine

the uterus during flushing by day 6-7 after breeding
[6]. Uninucleate and binucleate trophoblast cells
represent a prevalent characteristic in ruminant
placentae, constituting 15-20% of the trophectoderm,
and they are the source of Interferon Tau (INF-t)
expression [7].

Interferon Tau plays a vital role in maternal
recognition and preventing embryo rejection by
inhibiting the immune modulation and response
toward a newly formed conceptus [8-10].
Additionally, INF-t blocks of the endometrial
luteolytic mechanism and maintaining CL function
during pregnancy [11,12].
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Additionally, INF-t elicits upregulation of vast
interferon-stimulated genes (ISGs) in the maternal
tissues especially uterus [13], ovarian (luteal tissue)
and extraovarian tissues like; blood cells, liver,
spleen, lymph nodes and thymus throughout earlier
gestation [14-17]. These ISGs; Transducer and
Activator of Transcription (STAT) land STAT?2,
Receptor ~ Transporter  Protein 4  (RTP4),
Oligoadenylate Synthetase 1 (OASI1), ISGIS,
Interferon-Induced Myxovirus Resistance Protein 1
(Mx1) and 2 (Mx2), Interferon Regulatory Factor
(IRF) 1 and 9 that expressed in different maternal
tissues and many cell types with vast effects [15, 16,
18].

The evaluation of mRNA upregulation of ISGs in
PBLs is a candidate for a reliable peripheral
detection marker of early pregnancy in ruminants
because it is specific, reliable, and accurate for
pregnancy diagnosis and it can be applied as a bio-
marker for pregnancy case through the peri-
implantation phase in embryo transfer and embryo
loss to promote earlier rebreeding of cows [19-21] ,
it’s better than other methods like P4 assay and
ultrasonography for pregnancy diagnosis in earlier
pregnancy period [22, 23].

The Does showed a high percent of early
embryonic mortality (19%) between days 20-23, and
the serum progesterone does show the non-
significant difference between normal pregnant goats
and goats that experienced embryonic death between
days 7-20 post-conception, also ultrasound was not
efficient for early embryonic losses detection at this
period [24-26]. According to Okorie-Kanu et al. [27]
study, economic losses happened because majority of
slaughtered doe were pregnant. Therefore, pregnancy
diagnosis is very crucial to minimize these losses and
improve the efficiency of embryo transplantation by
aiding to early pregnancy detection according to
mRNA expression of ISG15. The study was designed
to assess the mRNA expression levels of ISG15 in
control, non-pregnant, and pregnant does during the
early pregnancy period. Additionally, to identify the
successful pregnancies and embryonic death based
on the ISG15 mRNA expression pattern.

Material and Methods

Ethical approval

The experiment was carried out under the
of Ethics
Veterinary Medicine, Alfallujah University.

conditions Committee, Faculty of

Experimental Animals

Twenty-five multiparous Iraqi does, age ranging
between 2-3 years were studied along with five
Bucks used for heat detection and breeding. The
experiment was conducted at Al-Saqlawiyah, Al-
Anbar governorate, Iraq. The experiment extended
from March to October 2023. All experimental does
were double-checked by ultrasonography (Chison
ECO2/China), and it was confirmed that they were
not pregnant.

The estrus was synchronized via using Medroxy
progesterone acetate (Intravaginal sponge) for 12
dayst PMSG 500 IU at the time of progesterone
withdrawal according to Kuru et al. [28].The onset of
estrus was detected by observing the natural mating
after two days post-PMSG injection. Every doe was
separated after conceive by Buck. The blood was
collected from all does (n=25) before
synchronization, on days 15 and 25 post conceive
(Day 0 = day of mating). All post-breeding does
were examined by ultrasonography on days 60 to
confirm the pregnancy status.

Quantitative Real-Time PCR for Determining
ISG15 Expression

The collected for analysis of ISGIS5 gene
expression (0.5 ml) evacuated into a collection tube
containing 0.5 ml of TRIzol reagent (Thermo
Scientific, USA) (1:1 ratio), then the qRT- PCR
samples were frozen immediately freeze at —20°C,
and transported to the laboratory for gqRT-PCR assay.

The total RNA of each sample was isolated from
PBLs depending to Rio et al. [29], the RNA quantity
was assayed by QuantiFluor® RNA System
(Promega, USA) according to manufacturer’s
instruction.

Two pairs of primers (Macrogen/ South Korea)
were designed to amplify the mRNA of the Caprine
ISG15 and the housekeeping gene Beta-actin
(housekeeping gene) (ACTB);Table 1).

TABLE 1. The ISG15 and housekeeping Primers used for qRT-PCR

Gene description Accession No. Sequence (5' — 3') Amplicon Reference
size

Beta-actin DQ661647.1 Forward: TCGGCAATGAGCGGTTCC

(housekeeping gene) Reverse: ACYGTGTTGGCGTAGAGGTC 46 Chandrakar et

(ACTB) al. [30]

Interferon-Stimulated XM 0279684  Forward: GACCTGACGGTGAAGATGCT 100 Mauftré et al.

Gene 15 (ISG15) 473 Reverse: TGATCTTCTGGGCGATGAAC [31]
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The RT-qgPCR (MicPCR; Labgene Scientific/
Switzerland) was used to amplify the purified RNA.
The reaction consisted from: ISG15 and ACTB gene,
qPCR master mix (5 uL), MgClI2 (0.25 uL), reverse
transcriptase (0.25 uL), 0.5 uL for each forward and
reverse primer, nuclease free water (2.5 ul), and
RNA templet (1 uL), the final volume was 10 uL.

The target and housekeeping genes were
amplified in one-step, each sample is added to two
PCR tubes (Two reactions). One tube is added as a
negative control (Did not contain RNA sample).

The reaction lasted 90 min for each reaction, and
the software program Mic PCR v.2 10.0 is used to
manage the reaction conditions (Table 2).

TABLE 2. The reaction conditions for ISG15 and ACTB genes

RT-PCR cycling

Hold Steps Cycling
Gene Reve'rse. Initial . Denaturation Annealing Extention
transcription denaturation

ISG15 37 °C for 15 min 95 °C for 5 min 95 °C for 20 sec 60 °C for 20 72 °C for 20
sec sec

ACTB 37 °C for 15 min 95 °C for 5 min 95 °C for 20 sec 60 °C for 20 72 °C for 20
sec sec

No of cycle 1 cycle 1 cycle 40 cycle

The mean threshold cycle of ISG15 values (CT) was determined according to the formula of Livak and

Schmittgen [32]:

ACt (control)=CT (gene)-CT(HKG)

ACt (patient or treated)=CT (gene)-CT(HKG)
AACt=ACt (patient or treated)- ACt (control)

Fold change =2 -AACt Normalized expression ratio

Statistical analysis

The data analysis was conducted via SAS (2018;
v9.6) [33]. The ROC curves also utilized to find out
the effectiveness of ISGI5 by determined the
senstivity (Se) and specificity (Sp) in does by using
MedCalc statistical software (2016; v16.4) [34]. The
AUC and Youden index (Yd) also used for
pregnancy determined, Youden index = (Sensitivity
+ Specificity - 1).

Results and Discussion

The pattern of ISG15 mRNA expression in PBLs
of early pregnant ewes

TABLE 3.The ratio of ISGI5 fold changes

Inseminated/non-pregnant does

Relative abundance levels of ISG15 mRNAs, in
caprine PBLs of pregnant group compared with non-
pregnant control groups, are illustrated in Fig. 2.
Before induce estrus, the expression level of ISG15
mRNA in basal level. Then, the expression increased
significantly (P<0.01) in pregnant does compare to
control (before mating) and non-pregnant does in the
same periods, same finding was also detected on day
25 PM. The mRNA of ISGI5 expression recorded a
significant increase (P<0.01) in non-pregnant does
compared to control on days 15 and 25 PM, but the
upregulation level was very low in both groups.
Additionally, non-significant declined was detected
in day 25 compare to day 15 PM (Table 3; Figs.
1&2).

for Pre-treatment, Inseminated/pregnant, and

Mean = SD of ISG15 gene expression LSD value
Group (P-value)
Post-Treatment Day 15 Day 25
Pre-Treatment A 1.11:043°  Pregnant 10.42 £6.48 & 77122214 4.954 **
(Control) (0.0002)
Non-Pregnant Non-Pregnant 2.05+0.91 % 1.40 £0.21 ® 1.337 NS
(0.652)

LSD value --- 5.491 ** 3.668 ** ---
(P-value) (0.00944) (0.00261)
** (P<0.01).
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Fig. 1. The ISG15 mRNA gene expression for control, pregnant and non-pregnant does with the housekeeping gene
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Fig.2.

Ratio of ISG15 fold changes for control (blue bar), Inseminated/pregnant (green bar), and

Inseminated/non-pregnant ewes (red bar) in day 15 (A) and 25 (B).

As demonstrated in Fig. 2, ISG15 abundance in the
pregnant group was 5-fold greater than non-pregnant
does on days 15 and 25 PM. Also is much higher
than in the pre-treatment group. On day 25, the
expression attenuated in PBLs collected on day 25
PM, but still elevated than both non-pregnant and
control group.

These findings were agreed with Al-Samawi et al.
(2021) [35] results, which find that relative
expression of ISG15 mRNA was highly significant
increased (P<0.01) in pregnant Does on days 15, 23,

25 and 35 PM, then declined on day 60 PM, there
was non-significant difference between pregnant and
non-pregnant.

The conceptuses of sheep expressed the Ovine
TP-1 (INF-t) during earlier gestation, it is
responsible for pregnancy recognition between Days
15-17 [36]. In does, caprine TP-1 (INF-t) was
detected in serum on day 17 of pregnancy [37]. The
Caprine cloned trophoblast cell line (uninucleate and
the binucleate cells of trophoblast) expressed both
mRNA and protein of INF-t [7]. The term ISGs
came due to the mRNA expression of several genes
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influenced by INF-t secretion at an early stage of
pregnancy and were up-regulated in different
maternal tissues in endometrial tissue; Both caprine
STAT1 and STAT3 mRNA (apart from ISGs)
increased in the endometrium on day 18 of
pregnancy compared to day 5th and day 15th of
gestation [38]. The same study also detected that
protein levels of STAT1 and STAT3 increased
significantly in endometrium within 24 h of INF-t
treatment. Additionally, the mRNA of ISGs is also
expressed in extra uterine tissues such as CL, lymph
nodes, thymus, liver, and peripheral leukocytes [14-
17], that reflects a positive correlation between INF-t
concentrations and ISGs abundance. Gray et al. [39]
detected those 180 endometrial genes (particularly;
STAT1I and CXCL10) arose in response to
pregnancy and infusion of INF-t and P4. Although,
among the expression of ISGs mRNA in various
maternal tissues, the most important of them is the

expression in PBLs. Because it is considered a
candidate for reliable peripheral detection biomarkers
of early pregnancy.

Numerous studies have indicated that certain
ISGs are expressed in peripheral blood leukocytes
(PBLs) during the early stages of pregnancy in
ruminants: kose et al. [40] found that the mRNA
expression of ISG15 increased between days 15 and
25 of PNM but decreased on day 21 after PGF2a
injection on day 18 (embryonic death group).
According to Mauffré et al. [31]; the mRNA
expression of CXCL10, MX1, and STAT] mRNA
was significantly elevated in gravid ewes compared
to non-gravid ewes, with respective fold increases of
8, 6, and 2.7 (P<0.001), but ISG15 recorded non-
significant differences.
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Fig.3. Receiver operating characteristic (ROC) curves for ISG15 ratio between gravid and non-gravid

does

The ROC curves for the ISG15 ratio on day 15
exhibited a diagonal line across the center of the plot,
indicating a suitable cut-off (>3.15). The Sensitivity
and Specificity were 90% and 100%, respectively,
with false negative and positive rates of 10% and
0%, respectively (Fig. 2A). The ROC curve for
pregnant ewes on day 15 outperformed that of 25
PM. The AUC was 0.97, surpassing the lower limit
of 0.70. On day 25 PM, the ROC curves for the
ISG15 ratio (Fig. 2B) were deflected to the left but
remained lower than those on day 15 (AUC 0.90)
with a cut-off point >1.5. The sensitivity (Se) was
100%, surpassing the performance on day 15, while
the specificity (Sp) was lower than on day 15 PM
(80%), resulting in a 20% false positive rate.

These findings agreed with Mauffré er al. [31],
who reported highly reliable outcomes for early
pregnancy diagnosis using the expression of ISGs
(STAT1, CXCL10, and MX1) on day 15 PI. The
sensitivity was 100% for both STAT1 and CXCL10
and 88% for MX1, while the specificity was 100%
for both CXCL10 and MX1 and 90% for STATI. In
cattle, achieving high true positive rates and low
false positive rates for early pregnancy detection was
possible using ISG15 in leukocytes at 19 to 20 PI,
with sensitivity and AUC reaching 100% and 0.852,
respectively [41].
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Additionally, the outcomes of the present study
corresponded with those of de Melo et al. [42],
demonstrating that the sensitivity and specificity of
ISG15 were very comparable to our findings on days
20 and 25 PM. The false negatives recorded on day
15 PM were attributed to the expression levels of 2
out of 20 samples falling below the cutoff point.
Conversely, the false positive rate on day 25 was
observed due to the presence of 1 sample out of 5
from non-pregnant ewes being lower than the cutoff
point (>1.5). However, the higher false rate may be
attributed to the small sample size.

This method of early pregnancy detection could
be among the most effective due to its high
sensitivity. It functions as an indirect yet specific
predictor of pregnancy since the expression of ISG15
is influenced by the INF-t signal, which is specific to
embryos. Additionally, it proves reliable in
determining non-pregnancy status during the early
post-mating period due to failed conception or
implantation (Sp), proving useful in cases where the
CL fails to lyse at the anticipated time. Balaro et al.
[43] documented instances of persistent CL in ewes
linked to uterine pathology and embryonic death,
hindering CL regression.

Conclusion

The study concluded that the expression of ISG15
was more pronounced in pregnant than non-pregnant
does due to failed fertilization or early embryonic
death during the 15-25 PM period. The ISG15
expression method demonstrated a very good Se and
Sp rates, enabling the prediction of early pregnancy
and pregnancy losses during this period utilizing
blood samples collected under field conditions, as it
relies on the presence of a viable embryo rather than
an active corpus luteum.

Acknowledgments

The authors are very grateful to Dr. Qusay M. Aboud
for unlimited support throughout the experiment.

Conflict of interest

There are no conflicts of interest to be declared.
Funding statement

The article was not financially supported.
References

1. Alkass, J.E. and Juma, K.H. Small ruminant breeds of
Iraq. In characterization of small ruminate breeds in
west Asia and north Africa. Small Rum. Res., 1, 63-
101(2005).

2. Abdul-Rahman, L.Y ., Al-Janabi, A.S. and Asofi, M.K.
Causes of dystocia in Iraqi local goats reared in field
stations. The Veterinarian, 9(1),18-21(1999).

3. Juma, K.H., Azzawi, M.S. and Asofi, M.K. Effect of
Crossbreeding and Some Non-genetic Factors on
Puberty in Female Goats. Dirasat., 29, 51-58(2002b)

4. Song, Y., An, X., Zhang, L., Fu, M., Peng, J., Han, P.,
Hou, J., Zhou, Z. and Cao, B. Identification and
profiling of microRNAs in goat endometrium during
embryo implantation. PloS One, 10(4), ¢0122202
(2015).

5. Naddafpour, A., Zadegan, F.G., Hajian, M., Hosseini,
S.M., Jafarpour, F., Rahimi, M., Habibi, R. and
Esfahani, M.H. Effects of abundances of OCT-4
mRNA transcript on goat pre-implantation
embryonic development. Anim. Reprod. Sci.,
215,106286 (2020).

6. Faruk, M.O., Bari, F.Y,. Shamsuddin, M., Alam, M.G.
and Islam MF. Responses of the Black Bengal goat
(Capra hircus) to PMSG and surgical embryo
recovery within MOET technique. Bangladesh J.
Vet. Med., 4(2), 107-115(2006).

7. Miyazaki, H., Imai, M., Hirayama, T., Saburi, S.,
Tanaka, M., Maruyama, M., Matsuo, C., Meguro, H.,
Nishibashi, K., Inoue, F. and Djiane, .
Establishment of feeder-independent cloned caprine
trophoblast cell line which expresses placental
lactogen and interferon tau. Placenta, 23(8-9), 613-
630(2002).

8. D'Occhio, M.J., Campanile, G., Zicarelli, L., Visintin,
J.A. and Baruselli, P.S. Adhesion molecules in
gamete transport, fertilization, early embryonic
development, and implantation—Role in establishing
a pregnancy in cattle: A review. Mol. Rep. Dev.,
87(2), 206-222(2020).

9. Malo Estepa, 1., Tinning, H., Rosas Vasconcelos, E.J.,
Fernandez-Fuertes, B., Sanchez, J.M., Burns, G.W.,
Spencer, T.E., Lonergan, P. and Forde, N. Protein
synthesis by day 16 bovine conceptuses during the
time of maternal recognition of pregnancy. Int. J.
Mol. Sci., 21(8), 870(2020).

10. Zhang, L., Li, Y., Zhao, Z., Cai, J., Zhao, S. and
Yang, L. Modulation of Nod-like Receptor
Expression in the Thymus during Early Pregnancy in
Ewes. Vaccines, 10(12), 2128(2022b).

11. Antoniazzi, A.Q., Ashley, R.L., Oliveira, J.F., Bazer,
F.W., Spencer, T.E. and Hansen, T.R. Interferon-tau
Has Endocrine Action on the Ovine Corpus Luteum
During Early Pregnancy That Is Independent of Its
Paracrine Effect on Endometrial ESR1 and OXTR.
Biol. Rep., 83(1), 229(2010).

12. Basavaraja, R., Drum, J.N., Sapuleni, J., Bibi, L.,
Friedlander, G., Kumar, S., Sartori, R. and Meidan,
R. Downregulated luteolytic pathways in the
transcriptome of early pregnancy bovine corpus

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



ASSESSING ISG15 EXPRESSION IN PERIPHERAL BLOOD LEUKOCYTES DURING...

1607

13.

14.

15.

16.

17.

19.

luteum are mimicked by interferon-tau in vitro. BMC
Genomics, 22(1), 1-5(2021).

Chaney, H.L., Grose, L.F., Charpigny, G., Behura,
S.K., Sheldon, I.M., Cronin, J.G., Lonergan, P.,
Spencer, T.E. and Mathew, D.J. Conceptus-induced,
interferon tau-dependent gene expression in bovine
endometrial epithelial and stromal cells. Biol
Reprod., 104(3), 669-83(2021).

Oliveira, J.F., Henkes, L.E., Ashley, R.L., Purcell,
S.H., Smirnova, N.P., Veeramachaneni, D.R.,
Anthony, R.V. and Hansen, T.R. Expression of
interferon (IFN)-stimulated genes in extrauterine
tissues during early pregnancy in sheep is the
consequence of endocrine IFN-t release from the
uterine vein. Endocrinol., 149(3), 1252-1259(2008).

Yang, L., Li, N., Zhang, L., Bai, J., Zhao, Z. and
Wang, Y. Effects of early pregnancy on expression
of interferon- stimulated gene 15, STATI1, OASI,
MX1, and IP- 10 in ovine liver. Anim. Sci. J., 91(1),
€13378(2020).

Zhang, L., Cao, L., Yang, F., Han, X., Wang, Y.,
Cao, N. and Yang, L. Relative abundance of
interferon-stimulated genes STAT1, OAS1, CXCL10

and MX1 in ovine lymph nodes during early
pregnancy. Anim. Rep. Sci., 214(106285), 1-9
(20204a).

Zhang, L., Zhao, Z., Wang, Y., Li, N., Cao, N. and
Yang, L. Changes in expression of interferon-
stimulated genes and ubiquitin activating enzyme E1-
like in ovine thymus during early pregnancy. Anim.
Reprod., 17, 1-10(2020Db).

. Alak, 1., Hitit, M., Kose, M., Kaya, M.S., Ucar, E.H.,

Atli, Z. and Atli, M.O. Relative abundance and
localization of interferon-stimulated gene 15 mRNA
transcript in intra-and extra-uterine tissues during the
early stages of pregnancy in sheep. Anim. Reprod.
Sci., 216, 106347, 1-8(2020).

Soumya, N.P., Das, D.N., Jeyakumar, S., Mondal, S.,
Mor, A. and Mundhe, U.T. Differential expression
of ISG 15 mRNA in peripheral blood mononuclear
cells of nulliparous and multiparous pregnant versus
non- pregnant Bos indicus cattle. Reprod. Domestic
Anim., 52 (1), 97-106(2017).

20.Madoz, L.V., Lorenti, S.N., Rearte, R., Quintero-

21.

Rodriguez, L., Migliorisi, A.L., Jaureguiberry, M.,
Gabler, C., Drillich, M. and de la Sota, R.L.
Detection of nonpregnant cows and potential embryo
losses by color Doppler ultrasound and interferon-
stimulated gene expression in grazing dairy cows. J.
Dairy Sci., 105(8), 6973-6984(2022).

Yoshino, H., Kizaki, K., Hirata, T.I., Iga, K.,
Matsuda, H., Yamanouchi, T., Hashiyada, Y., Imai,
K., Ishiguro-Oonuma, T., Kanazawa, T. and
Takahashi, T. Interferon-Stimulated Gene Expression
in Peripheral Blood Leucocytes as a Convenient
Prediction Marker for Embryo Status in Embryo-
Transferred Japanese Black Cows during the Peri-
Implantation Period. Vet. Sci., 10(7), 1-11(2023).

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Younis, L. and Akram, S. Assessing Progesterone
Levels in Awassi Ewes: A Comparison between
Pregnant and Non-Pregnant, Twins, and Singletons
during the First Trimester. Egyptian J. Vet. Sci., 54
(6), 1255-1263(2023).

Aboud, Q., Younis, L.S. and Ameen, H. The
effectiveness of Ultrasonography in predicting
Pregnancy, litter size, viability and embryo/fetal age
during first three months post-breeding in Iraqi
Shami does. Uni. Thi-Qar J. Agri. Res., 12(2), 218-
37 (2023).

Samir, H., Karen, A., Ashmawy, T., Abo-Ahmed,
M., El-Sayed, M. and Watanabe, G. Monitoring of
embryonic and fetal losses in different breeds of
goats using real-time B-mode ultrasonography.
Theriogenol., 85(2),207-215(2016).

Muhammad, R.S. and Aziz, D.M. Determination of
gestational age in Shami goats based on
transabdominal ultrasonographic measurements of
placentomes and uterine diameter. Al-Anbar J. Vet.
Sci., 14, 30-41(2021).

Ali, T.G. and Ghaidan, T. Diagnosis of Pregnancy
and Uterine Infections by Ultrasound During out
Breeding in Saanen Goats in Halabja Province,
Kurdistan, Iraq. Al-Anbar J. Vet. Sci., 16(1), 20-27
(2023).

Okorie-Kanu, O.J., Ezenduka, E.V., Okorie-Kanu,
C.O., Anyaoha, C.O., Attah, C.A., Ejiofor, T.E. and
Onwumere-Idoloh, S.O. Slaughter of pregnant goats
for meat at Nsukka slaughterhouse and its economic
implications: A public health concern. Vet. World.,
11(8), 1139-1144(2018).

Kuru, M., Kuru, B.B., Kacar, C., Demir, M.C. and
Cetin, N. Effect of oestrus synchronization with
different lengths of progesterone-impregnated
sponges and equine chorionic gonadotropin on
reproductive efficiency in Romanov ewes during the
non-breeding season. Acta Veterinaria Brno., 91(3),
243-350(2022).

Rio, D.C., Ares, M., Hannon, G.J. and Nilsen, T.W.
Purification of RNA using TRIzol (TRI reagent).
Cold Spring Harbor Protocols. 2010(6), 1-3(2010).

Chandrakar, K., Jain, A., Khan, J.R., Jain, T., Singh,
M. and Mishra, O.P. Molecular characterization and
expression profile of interferon-stimulated gene 15
(ISG15) in the endometrium of goat (Capra hircus).
Theriogenol., 142, 348-354(2020).

Mauffré, V., Grimard, B., Eozenou, C., Inghels, S.,
Silva, L., Giraud-Delville, C., Capo, D., Sandra, O.
and Constant, F. Interferon stimulated genes as
peripheral diagnostic markers of early pregnancy in
sheep: a critical assessment. Anim., 10(11), 1856~
1863 (2016).

Livak, K.J. and Schmittgen, T.D. Analysis of relative
gene expression data using real-time quantitative
PCR and the 2— AACT method. Methods, 25(4), 402-
408 (2001).

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



1608

LAITH YOUNIS

33.

34.

35.

36.

37.

SAS, “Statistical Analysis System, User's Guide.
Statistical. Version 9.6th ed. SAS,” Inst. Inc. Cary.
N.C. USA(2018).

MedCalc statistical software version,” 16.4. 3. Online
Available: https://www.medcalc.org/(2016).

Al-Samawi, K., Al-Hassan, M., Migdadi, H., Ammar,
M. and Alghamdi, S. Interferon-stimulated gene 15
and interferon-1 stimulated gene 17 messenger rna-
based detection of early pregnancy in Aardi goats in
Saudi Arabia. J. Zool., 53, 1005(2021).

Gnatek, G.G., Smith, L.D., Duby, R.T. and Godkin,
J.D. Maternal recognition of pregnancy in the goat:
effects of conceptus removal on interestrus intervals
and characterization of coneptus protein production
during early pregnancy. Biol. Reprod., 41, 655-663
(1989).

Baumbach, G.A., Duby, R.T. and Godkin, J.D. N-
Glycosylated and unglycosylated forms of caprine
trophoblast prootein-1 are secreted by
preimplantation goat conceptuses. Biochem. Biophys.
Res. Comm., 172, 16-21(1990).

genes regulated by early pregnancy, progesterone,
and interferon tau in the ovine uterus. Biol. Reprod.,
74(2), 383-94(2006).

40. Kose, M., Kaya, M.S., Aydilek, N., Kucukaslan, I.,

Bayril, T., Bademkiran, S., Kiyma, Z.E., Ozyurtlu,
N., Kayis, S.A., Guzeloglu, A. and Atli, M.O.
Expression profile of interferon tau—stimulated genes
in ovine peripheral blood leukocytes during
embryonic death. Theriogenol., 85(6), 1161-1166
(2016).

41. Green, J.C., Okamura, C.S., Poock, S.E. and Lucy,

M.C. Measurement of interferon-tau (IFN-1)
stimulated gene expression in blood leukocytes for
pregnancy diagnosis within 18-20 d after
insemination in dairy cattle. Anim. Reprod. Sci.,
121(1-2), 24-33(2010).

42. de Melo, G.D., Mello, B.P., Ferreira, C.A., Godoy

Filho, C.A., Rocha, C.C., Silva, A.G., Reese, S.T.,
Madureira, E.H., Pohler, K.G. and Pugliesi, G.
Applied use of interferon-tau stimulated genes
expression in polymorphonuclear cells to detect
pregnancy compared to other early predictors in beef

38. Liu, H., Wang, C., Li, Z., Shang, C., Zhang, X.,
Zhang, R., Wang, A., Jin, Y. and Lin, P.
Transcriptomic analysis of STAT1/3 in the goat
endometrium during embryo implantation. Frontiers
Vet. Sci., 8,757759(2021).

39. Gray, C.A., Abbey, C.A., Beremand, P.D., Choi, Y.,
Farmer, J.L., Adelson, D.L., Thomas, T.L., Bazer,
F.W. and Spencer, T.E. Identification of endometrial

cattle. Theriogenol., 152, 94-105(2020).

43, Balaro, M.F., Cosentino, 1.0., Ribeiro, A.C. and
Brandao, F.Z. Ultrasound Diagnosis in Small
Ruminants: Occurrence and Description of Genital
Pathologies. Vet. Sci., 9(11), 599(2022).

-

AN 1 Sal) Jaal) ol Aglagaall pliagdl adl) iy S (A ISG15 J snd) spincl agss

Al Selall B Sl Jaadl g A (il adY Addian

g Olgen 4

a3y - sl el - (5l ) A0 - ) Julill g

Aaadald)

& (ISGI5)15 0o i¥h Shaadl Goall dul pall - )l ool (el i) iy s anS 58 Al all (ge agll S
b alatiuly Jeall g GaiSH e aaadl @l ) AlaYlh Sad) deall 58 o8 Jalsall ey Jelsall el
e sS85 s selall Gl e 25 alasial a3 ¢l L) Alailaa ¢ Ay Daall Al jall s3a Cu el ISGTS L sl el
Medroxy Progesterone Acetate e (ssiad s Cllaidu) aladil) Gudll 5iad J iS55 0 ey . sS G Gule
Gk oozl Glaal (3g (guill e cajaill o AaituY) s Sy (A PMSG (0 Al g2 33n 5 500 e g 12 524
a3 J8 e adll Gl o Jpaall & glall e 4 gl (358 Cila sall IMS (e Jeal) Alls a2 oS3 a0
e (RNA) 2l g5l praesd) e 7l Akl &3 (Y g (A5 (5150 20 25 515 Ol (8) g1 530 2y Gl
Giliaia, Adal) gl 85 jelill a3 Jeld aladiuls [SGTS sl Ol siie aniii a g ¢ (PBLS)Adhssall sband) aall &y <
Ssima glii) ) il il Jeall GLESI 3 [SGT5 4k 5eUS ol dexdivdl (ROC) Jiiasall Alilend) dpalall
B dalall e (g1 5 ) & okl Ao ganes 43l8a 25 5 15 Cpesdll IS A dalsadl 5D ISGIS LS A(P<0.01)
ela e g dala Ao sane S dals Gt 3 Y (G Ailian) AV <l (3558 @l (S5 Al celld ) A8V ol 8l el
(Sp) 4= 515 (Se) el s 15 asll (b iall 8l 83 bl 3l Jelii iy (e sasivsall ROC ilsinia & jglil
%100 4plus ROC Ciliinie Claws 25 o sall (8 lld e 5 50e.3.15< o Ahaii g ¢ Vsl (e %1005 %90 domsis
ol all selall Gl 8 (5 pan IS5 Ua pale Lot [SG1S sedal « laialy | ].5< dnall padll ddass vie 80% due 53 5
O (e 4id cJaally sl 8 lal) asial 15015 Jal gl jue /s gl el elall S Addle il i (5 s (am ol G B

Sl Jaall g &y gl Gl jadl e RISIAS 5 o Al 5 Aliar (55

Jelall dpa padll duliall ¢ ul 5i¥) ¢ Ssall Jaall (RT-PCR <ISG15 :dalitalf cilalsl)

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



