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Abstract: Mucin-1 (MUC-1) is an anti-adhesion glycoprotein expressed on the apical 
surface of the endometrial luminal and glandular epithelium which prevents interactions 
between the trophectoderm and endometrial epithelium. The aim of this study was to 
investigate the outcome of PG-600 on ovine endometrial MUC-1 immunoexpression during 
early and mid-diestrus. Twenty-four cycling ewes (Polypay) were administered 
progesterone for 9 days. Two days before progesterone withdrawal, ewes were treated with 
cloprostenol. At progesterone withdrawal (d0), ewes were treated with either PG-600 (5 
mL) or saline (5 mL) group. Endometrial tissues were collected surgically on days 4 and 7 
after PG-600 or saline (n=6/group/timepoint) and were subjected to immunohistochemistry 
followed by image acquisition. Stained area for MUC-1 was quantified using Image J. The 
diestrous intercaruncular endometrium of both treated and control ewes expressed MUC-1. 
However, the percent area expressing MUC-1 varied between endometrial area (luminal 
and superficial glandular epithelium), time (day four, day 7), and treatment group. PG-600 
treatment increased MUC-1 expression in the luminal epithelium on day 7 and in the 
superficial glandular epithelium expression on day 4. The results of this study show that 
administration of PG-600 to ewes increases endometrial MUC-1 expression in mid diestrus, 
which provides a possible mechanism for lower fertility found following treatment by PG-
600 in sheep. 
Keywords: Endometrium,Iimmunohistochemistry, luminal epithelium, Pregnancy loss, Sheep . 

Introduction 

Ewes are seasonal short-daylight breeders, 
which means they have estrous cycles and 
ovulate at times of reduced daylight but do 
not come into estrus and ovulate at times of 
longer daylight (Bartlewski et al., 1999). The 
reproductive efficiency of the ewes can 
improve throughout the year using hormonal 
methods to induce estrous cyclicity and 

ovulation in the non-breeding season 
(Umberger et al., 1994; D’Souza et al., 2014; 
Habeeb et al., 2020). PG-600® is a 
commercially available drug that contains 40 
IU/mL human chorionic gonadotropin and 80 
IU/mL equine chorionic gonadotropin. PG-
600 is marketed for inducing estrus in pigs 
but used off label in sheep as well (Cross et 
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al., 2019; Habeeb et al., 2020). Equine 
chorionic gonadotropin, similar to follicle 
stimulating hormone (FSH), interacts with its 
receptor on ovarian granulosa cells to induce 
follicle development and growth (Tisdall et 
al., 1995). A previous report concluded that 
PG-600 delivered to ewes to induce estrous 
cyclicity decreased fertility rates (Habeeb et 
al., 2019). The cause of the reduced 
pregnancy rates was not examined in that 
report, but it may be due to changes in the 
early maternal-embryo interaction.  
Mucins are glycosylated proteins produced by 
specialized epithelial cells throughout the 
body including the respiratory tract, 
gastrointestinal tract, and reproductive tract 
(Tabak, 2010; Jonckheere et al., 2021). 
Throughout various periods of the 
reproductive cycle, mucin-1 (MUC-1), an 
anti-adhesion glycoprotein, is expressed on 
the luminal and glandular epithelium of the 
endometrium (Margarit et al., 2010; Song et 
al., 2012). This has been reported in baboons 
(Hild-Petito et al., 1996; Ren et al., 2010), 
swine (Bowen et al., 1996), rodents (Carson 
et al., 2000), human (Carson et al., 2000), and 
sheep (Johnson et al., 2001). Prior to embryo 
attachment, MUC-1 plays an essential role in 
forming a protective barrier on the 
endometrial epithelium to prevent pathogen 
entry (Brayman et al., 2004). However, 
MUC-1 can also impede embryo attachment 
by preventing connections between the 
endometrial tissue and embryonic 
trophectoderm (Aplin, 1997). 

Embryonic attachment is a carefully 
orchestrated event occurring between embryo 
and endometrium in the first stage of 
pregnancy (Guillomot et al., 1981). MUC-1 
expression normally declines in the uterine 
luminal epithelium in ewes around day seven 
from estrus, which would allow embryonic 
attachment if pregnancy occurs (Dharmaraj et 
al., 2009). However, dysregulation in 
hormone production or receptor expression at 

this stage of gestation can result in a reduced 
pregnancy rate or failure it (Johnson et al., 
2001). For example, estradiol treatment 
increased MUC-1 expression in cultured 
sheep endometrial epithelial cells and resulted 
in decreased blastocyst adhesion rate (Wang 
et al., 2018). There have been no studies 
investigating the impact of PG-600 
administration on endometrial expression of 
MUC-1 in any species. The aim of this study 
is to investigate the outcome of PG-600 on 
ovine endometrial MUC-1 immunoexpression 
during early and mid-diestrus. We 
hypothesized that PG-600 would increase 
endometrial MUC-1 expression compared to 
control group.  

Materials & Methods 

Animals and tissue sampling 

The oversight for the ethical use of animals 
for research was approved by Oregon State 
University (#5036). Twenty-four Polypay 
ewes during the breeding season were treated 
with progesterone (Eazi-Breed® , Zoetis, 
Kalamazoo, MI, USA) for 9 days. Two days 
prior to progesterone removal (d-2), ewes 
were intramuscularly injected with 
cloprostenol to remove any corpora lutea 
might be present (125 μg, Estrumate®, 
Intervet/Merck Animal Health, Madison, NJ, 
USA). At the time of progesterone removal 
(d0), ewes were randomized into treatment 
(3.3±1.6 years) and control groups (3.0±1.4 
years) to receive PG-600 (5 mL; 
Intervet/Merck Animal Health) or an equal 
volume of saline, respectively. Endometrial 
tissues were collected on days 4 (d4) and 7 
(d7) after PG-600 or saline treatment (six 
ewes per group per day). Endometrial tissue 
samples were surgically obtained from all 
ewes. The details of this procedure have been 
previously reported (Habeeb et al., 2023). 
Briefly, ewes were anesthetized by diazepam 
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and ketamine intravenous injection, and 
isoflurane was used to maintain anesthesia. 
After clipping, ewes were sterilely prepared 
for a laparotomy. For each animal and each 
ovary, the number of corpora lutea were 
counted. The uterine horn was opened on the 
same side as the ovary with the largest 
quantity of corpora lutea and intercaruncular 
endometrial tissue was collected. Samples 
were kept in formalin (10%) until processed 
for immunohistochemistry.  
Immunohistochemistry 

Formalin-fixed paraffin-embedded 
endometrial tissues were cut (5 μm) onto 
charged slides. A series of xylene and graded 
ethanol baths were used on all sections for 
deparaffinization and rehydration stages, 
respectively. Washing steps were performed 
by using wash buffer (#S3006). Heat-induced 
antigen retrieval with sodium citrate buffer 
(#S1699, Dako) was used to expose epitopes. 
After that, deionized water was used for 
washing the sections and then hydrogen 
peroxide (3%) was used to block endogenous 
peroxidase. A serum-free protein block was 
applied for 20 minutes at 37ᵒC (#X0909, 
Dako). Anti-rabbit MUC-1 antibody 
(Polyclonal #ab104978, Abcam, Cambridge, 
MA, USA) was added (1:50) for 2 hours at 
37ᵒC. Negative controls were treated in a 
comparable manner using the Universal 
Negative Control Rabbit IgG (#NC495H, 
Biocare Medical, Pacheco, CA, USA). The 
ovine endometrium itself served as a positive 
control for MUC-1 as previously documented 
by Raheem et al., (2016). Following washing, 
a secondary antibody was incubated with all 
tissue sections for 30 minutes at 37ᵒC (#IH-
8064 ImmunoBiosCience, Mukilteo, WA, 
USA). All sections were then incubated with 
NovaRED (Vector Laboratories, Burlingame, 
CA, USA) for 4 minutes at 37ᵒC. Sections 
were finally washed in wash buffer, 

counterstained with hematoxylin, washed in 
tap water, dehydrated in ethanol, passed 
through three consecutive xylene baths, and 
cover slipped. 
Image acquisition and quantitative analysis 

Sections were examined by using bright field 
microscopy (Leica DM4000B) at 400X 
magnification. Images of the endometrial 
luminal and superficial glandular epithelium 
from each tissue section (3-5 images per 
animal) were taken by a digital camera 
(QICAM 12-bit, #QIC-F-M-12-C, QImaging, 
Surrey, BC) and analyzed (QCapturePro, 
QImaging). The percent area stained for 
MUC-1 was quantitatively determined by a 
single observer blinded to treatment group 
using Image J software. Images were 
transformed to greyscale using the RGB stack 
function and staining was isolated using 
manual thresholding kept consistent at 
175/193. For each animal, five measurements 
were collected from each area of interest 
(endometrial luminal and superficial 
glandular epithelium) using rotated rectangles 
of uniform dimensions (150X142 pixels) and 
orientation. Rectangles were placed in areas 
of interest to achieve measurements 
representative of staining in the overall area. 
Fraction of threshold area (FTA) was then 
recorded.  
Data analysis 

Endometrial MUC-1 immunoexpression was 
described as mean ± standard error of the 
means. The effect of PG-600 treatment, day, 
and PG-600 treatment X day on MUC-1 
expression was determined using a two-way 
ANOVA followed by a post hoc Tukey’s test. 
MUC-1 expression was compared between 
endometrial epithelial area (luminal vs. 
superficial glandular) using a paired Students 
t test. P<0.05 was defined as a significant 
difference.  
Results  
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T7 

The luminal (L) and superficial (S) glandular 
endometrial epithelium of both treated and 
control ewes expressed MUC-1 (Figure 1; 
Table 1). There was no change in MUC-1 
immunoexpression within the control group 
between day four and day seven in the 
luminal and superficial glandular endometrial 

epithelium. However, MUC-1 
immunoexpression within the treated group 
between day 4 and day 7 increased in the 
luminal epithelium (47 ± 3 FTA and 56 ± 4 
FTA, respectively) and decreased in the 
superficial glandular endometrial epithelium 
(45 ± 2 FTA and 35 ± 3 FTA, respectively).  

  

  

Fig. (1): Representative images of mucin-1 expression in the luminal (L) and superficial (S) 
glandular epithelium of the ovine intercaruncular endometrium on 4 days or 7 days following 
treatment with saline (control, C4 or C7, respectively) or PG-600 (treatment, T4 or T7, 
respectively). Red-brown (NovaRED) stain reflects mucin-1 immunoexpression. Hematoxylin 
was used as a counterstain. Negative IgG control section (insets). 
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There was also an effect between the control 
and treated group such that MUC-1 
immunoexpression in the superficial 
glandular epithelium was increased on day 4 

(35 ± 3 FTA and 45 ± 2 FTA, respectively) 
and was increased in the luminal epithelium 
on day 7 (32 ± 4 FTA and 56 ± 4 FTA, 
respectively). 

Table (1): Mean ± SEM of the fraction of threshold area (FTA) immunoexpressing mucin-1 
within the ovine endometrium on 4 days or 7 days following treatment with saline (C4 or C7, 

respectively) or PG-600 (T4 or T7, respectively). 

abDifferent superscript indicates significant difference between day 4 and day 7 (p<0.05).  
xyIndicates a significant difference between treated and control groups (p<0.05) 

Discussion 
Previous work with this group of sheep 
investigated the effects of PG-600 treatment 
on hormone concentrations (Habeeb et al., 
2023). The estradiol-17 β concentration did 
not differ between treatment, day, or an 
interaction between treatment X Day (all 
p>0.05). In addition, progesterone 
concentration did not differ between treatment 
groups on d4 (p>0.05) but was higher 
irrespective of treatment on d7 (p<0.05). 
However, progesterone concentration in 
treated ewes was higher compared to controls 
on d7 (p<0.05). Endometrial MUC-1 is 
influenced by circulating progesterone 
concentrations (Johnson et al., 2001). In 
swine and rodents treated with exogenous 
progesterone, endometrial MUC-1 expression 
was down-regulated (Surveyor et al., 1995; 
Bowen et al., 1996). In the current research, 
circulating progesterone was significantly 
higher in both groups on day 7 (timing of 
initial embryo attachment in sheep) but 
instead of a down-regulation in MUC-1 
expression as shown in the control group, the 
treated group had a rise in MUC-1 expression 
in the endometrial luminal epithelium. 
Dysregulation of endometrial MUC-1 
contributes to reduced fertility in women as 

well (Wu et al., 2018). Infertile women with 
polycystic ovary have higher MUC-1 
expression compared to fertile women 
(Margarit et al., 2010). The higher MUC-1 
expression in the PG-600 treated ewes on day 
seven in the current study may explain why 
pregnancy rates were reduced in ewes treated 
with PG-600 (Habeeb et al., 2019). This 
finding is also supported by work of Wang et 
al., (2018) who reported altered MUC-1 
expression and a reduction in pregnancy rate 
following estrus induction in sheep (Wang et 
al., 2018). 

Conclusion 

In conclusion, PG-600 administration at the 
time of estrus in sheep increases MUC-1 
expression in the luminal endometrial tissue 
at the timing of embryo attachment compared 
to controls. This research provides a 
mechanism for reduced fertility following 
estrus induction with PG-600 treatment in 
ewes. 
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 PG-600في بطانة الرحم الأغنام في وسط فترة انتھاء الشبق بعد المعاملة ب  MUC-1ارتفاع تعبیر ال 
 3، میشیل كتزلر2، ان رمزي1حیدر محمد حسن حبیب 

 
 51001قسم الإنتاج الحیواني، جامعة القاسم الخضراء، بابل، العراق  1

 97331كلیة كارلسون للطب البیطري، جامعة ولایة اوریغون، كورفالس، اوریغون، الولایات المتحدة الامریكیة  2
 97331قسم علوم الحیوان والمراعي، جامعة ولایة اوریغون، كورفالس، اوریغون، الولایات المتحدة الامریكیة 3

  
هو بروتین سكري مضاد للالتصاق �عبر عنه على الخلا�ا اللمع�ة والغد�ة السطح�ة لظهارة الرحم   MUC-1ان    :صستخلالم

على التعبیر    PG-600مما �منع الارت�اط بین الجنین و�طانة الرحم. ان الهدف من الدراسة الحال�ة هو لدراسة تأثیر المعاملة ب  
  9�البروجستیرون لمدة    Polypayفي بدا�ة ووسط دورة الشبق. تم معاملة ار�ع وعشر�ن نعجة نوع    MUC-1المناعي النس�جي ل  

)، عولجت النعاج إما d0أ�ام, وقبل یومین من سحب البروجسترون، عولجت النعاج �الكلو�روستینول. عند سحب البروجسترون (
 ن الرا�ع والسا�ع �عد إعطاءمل). تم جمع أنسجة �طانة الرحم جراحً�ا في الیومی 5مل) أو محلول ملحي ( PG-600  )5 �مجموعة

PG-600   = التقاط الصور. تم استخدام   6أو محلول ملحي (ن تلیها عمل�ة  الك�م�ائ�ة  للمناعة  / مجموعة / وقت) وخضعت 
.  أظهرت النتائج ان التعبیر لل image  J�استخدام برنامج    MUC-1طر�قة الك�م�اء المناع�ة النس�ج�ة لتقدیر المنطقة الملونة لـ  

MUC-1    قد ظهر في �ل من الخلا�ا الغد�ه السطح�ة واللمع�ة لظهارة الرحم للنعاج. ومع ذلك، فإن النس�ة المئو�ة للمساحة التي
قد اختلفت معنو�ا بین منطقة �طانة الرحم (الظهارة الغد�ة اللمع�ة والسطح�ة) والوقت (الیوم الرا�ع،    MUC-1أظهرت تعبیر ال  

علاج زاد  العلاج.  ومجموعة  السا�ع)،  تعبیر PG-600 الیوم  تعبیر  MUC-1 من  وفي  السا�ع  الیوم  في  اللمع�ة  الظهارة  في 
النعاج ب   معاملة  أن  الدراسة  هذه  نتائج  تظهر  الرا�ع.  الیوم  في  السطح�ة  الغد�ة  تعبیر    PG-600الظهارة   MUC-1یز�د من 

 في الاغنام  PG-600عد المعاملة ب ل�طانة الرحم في وسط دورة الشبق، مما قد �ساهم في انخفاض الخصو�ة �

 .�طانة الرحم, الك�م�اء النس�ج�ة المناع�ة, الظهارة الغد�ة السطح�ة, الظهارة اللمع�ة, فقدان الحمل, الأغنام الكلمات المفتاح�ة: 

 


