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Abstract

In this work, we recruited CD105 and CD90 markers to identify the endometrial stem cells (EnSCs) in the human
uterine endometrium. Fifty endometrial specimens have been extracted from twenty-five deceased women. All
specimens have been embedded in paraffin block and prepared for immune-histochemical processing. The expression
of CD105 and CD90 was counted per high power field (HPF). Paired sample t-test was used to compare the means
between groups and age variables. The Statistical analysis was conducted using “SPSS16 software" The statistical
significance was considered at less than 0.05. Results of paired sample t-test showed that the expression count (EC)
at the Basalis layer (with CD105) was 5.26 points higher than the Functionalis layer (95% CI [3.43, 7.09]) and the
correlation was strongly and positively related (r = 0.829, P < 0.001). The EC at Basalis layer (with CD90) was 4.96
points higher than Functionalis layer (95% CI [3.02, 6.89]) and the correlation was strongly and positively related (r =
0.746, P= < 0.001). The EC at Functionalis layer (with CD105) was 0.9 points higher than the Stroma layer (95% CI
[2.27, 4.11]); however, the correlation was weak and positively related (r = 0.429, P = 0.032). The EC at Functionalis
layer (with CD90) was 1.4 points higher than the Stroma layer (95% CI [2.1, 4.2]), but the correlation was moderately
and positively related r = 0.547, P = 0.005). Findings of an independent-sample t-test showed that the EC of stem cells
at the Functionalis, Basalis, and Stroma layers (with CD105 and CD90 markers) was more among patients of
reproductive age (<50 years) than patients who were at non-reproductive age (50 years and above), a statistically
significant difference [(m =9.6, 95% CI (5.3, 14.6), t (19.630)=4.413, P <0.001)], [(m=10.2, 95% CI (5.2, 15.2), t
(20.714)=4.202, P <0.001)] and [(m=8.4, 95% CI (3.5, 13.4), t (12.313) =3.523, P =0.002)], respectively. In
conclusion, the EC of the stem cells in the endometrium decreases with age.
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Background

Multipotent stem cells are infrequent in the adult stage that has
been specified in different adult tissues such as the intestine [1],
skin [2], muscle [3], blood [4], and nervous system [5], and
endometrium [6]. In general terms, stem cells or somatic stem
cells (SSCs) are specialized cells that can self-renew and give
rise to differentiated cells [7]. Stem cells were reported in many
previous studies. The endometrium physiologically undergoes
cyclical changes such as self-renewal, reproduction,
differentiation, and shedding during each woman's menstrual
cycle. [8,9]. Furthermore, endometrial renewal occurs after all
endometrial incisions and pregnancy [10,11]. These features of
the endometrium have indicated the being of a low number of
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endometrial-derived stem cell (EnSC) populations that appear
to be accountable for its noteworthy restoration potency [12].
Stem cells are specialized cells having the capability to self-
renewal and have the ability to produce two new identical
daughter stem cells for the maintenance of a pool of stem cells
in the tissue [13]. The gradually occurring physiological
changes in females, especially those bearing children, make
them more vulnerable to emotional exhaustion [14]. The human
uterus undergoes two remarkable changes. The first is during
regular cyclic change of the menstrual cycle, and the second is
during pregnancy. The stem cells are essential in replacing and
maintaining uterine endometrial structure [15]. Recently
published work about the biology of stem cells proved that the
renewal of the damaged tissue is made by progenitor or stem
cells [16]. This study aimed to identify the endometrial stem
cells (EnSCs) and the likelihood of variations in different layers
of human uterine endometrium using the CD105 and CD90
markers, respectively.
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Methods

Study design

Prospective immunohistochemistry research was designed to
collect convenient “uterine samples” of recently deceased
women in Iraq from April 2018 to June 2019. Based on
Immunohistochemistry (IHC) Handbook [17], “CD90” and
“CD105 markers” were recruited to detect stem cells in the
endometrium.

Inclusion and exclusion criteria

All Iragi women, regardless of age and marital status, whose
deaths were recorded in forensic medicine due to natural
causes, considering the absence of diseases or damage to the
uterine tissue, have been included. However, we excluded the
known samples with uterine problems during childbirth, such as
severe bleeding or severe damage to uterine tissue due to
accidents or chronic space-occupying lesions or diseases.

Procedure of study

In this study, we performed an Immunohistochemical analysis
of paraffin-embedded sections, IHC(P). The clinical and
research laboratories use the standard technique known as
Paraffin embedding to create a formalin-fixed, paraffin-
embedded tissue block (FFPE). To reduce the appearance of a
back floor on the tissues, both "PathnSitu’s highly sensitive"
and "specific PolyExcel two-step detection system™ has been
adopted. The first step is the deparaffinization of tissue pieces
in 3 xylene shifts considering hydrating slides to water in a
series of alcohol gradations.

The specimen should be incubated with 0.5% H202 for 5-10
minutes at room temperature to quench the endogenous
peroxidase activity. Then coupling the specimen with the
appropriate diluted mouse or rabbit primary antibody, followed
by incubation with the PolyExcel target binder for 10 minutes,
then another 10 minutes of incubation by a polymer labeled
PolyExcel HRP.

The next step was the staining procedure. The general
technique was to incubate the specimen with 3,3-
diaminobenzidine (DAB) chromogenic substrate for 5-10
minutes, giving a brown-colored precipitate at the antigen site.
To prepare the working solutions, add "1 drop of Stunn DAB
chromogen in alml of Stunn DAB buffer, mix well and store it
at 2-8 Co in the dark medium. The prepared solution is stable
for a week; however, it should always be prepared fresh for
smooth and crisp results".

Statistical analysis

The immunostained cells per nucleated cell were counted
directly in the cassette under a fluorescent microscope. The
number of immunostained cells was observed and recorded per
high power field (HPF). Statistical analysis was conducted
using SPSS16 software. The quantitative results were presented
as means + standard deviation. The difference in means was
compared by Paired sample t-test between groups Pearson
correlation test. An independent t-test was recruited to
determine differences in the expression count of stem cells
among the endometrial layers (Functionalis, Basalis, Stroma)
with sociodemographic factor (age). The statistically significant
is considered at less than 0.05.

Results

Out Sociodemographic factors

Twenty-five uterine samples have been extracted from deceased
women. The mean age was 40.2 (SD 5.7). The age variable was
further categorized (based on mean value) into the reproductive
age group (<50 years old) and the non-reproductive age group
(50 years and above).

The EC of stem cells at the Functionalis and Basalis layers
with CD105 markers

The Paired Samples t-test was run to compare the expression
count of stem cells at the functionalis and basalis layers of the
uterine endometrium with CD105 markers. Functionalis and
Basalis scores were strongly and positively correlated (r =
0.829, P < 0.001). There was a significant average difference
between Functionalis and Basalis scores (t24 = 5.933, P <
0.001). Basalis scores were 5.26 points higher than Functionalis
scores (95% CI [3.43, 7.09]).

The EC of stem cells at the functionalis and basalis layers
with CD90 markers

The Paired Samples t-Test was run to compare the expression
count of stem cells at the Functionalis and Basalis layers of the
uterine endometrium with CD90 markers. Functionalis and
Basalis scores were strongly and positively correlated (r =
0.746, P < 0.001). There was a significant average difference
between Functionalis and Basalis scores (124 = 5.283, p <
0.001). Basalis scores were 4.96 points higher than Functionalis
scores (95% CI [3.02, 6.89]).

The EC of stem cells at the functionalis and Stroma layers
with CD105 markers

The Paired Samples t-test was run to compare the expression
count of stem cells at the Functionalis and Stroma layers of the
uterine endometrium with CD105 markers. Functionalis and
Stroma scores were weakly and positively correlated (r = 0.429,
P = 0.032). There was no significant average difference
between Functionalis and Stroma scores (24 = 0.594, P
=0.558). On average, Stroma scores were 0.9 points higher than
Functionalis scores (95% CI [2.27, 4.11]).

The EC of stem cells at the functionalis and Stroma layers
with CD90 markers

The Paired Samples t-test was run to compare the expression
count of stem cells at the functionalis and Stroma layers of the
uterine endometrium with CD90 markers. Functionalis and
Stroma scores were moderately and positively correlated (r =
0.547, P = 0.005). There was no significant average difference
between Functionalis and Stroma scores (t24 = 0.686, p <
0.499). On average, Stroma scores were 1.4 points higher than
Functionalis scores (95% CI [2.1, 4.2]). An independent-sample
t-test was run to determine if there were differences in the EC
of stem cells at the functionalis, Basalis, and Stroma layers
(with CD105 and CD90 markers) between patients aged less
than fifty years (reproductive age) and patients aged fifty years
and above (non-reproductive age). Overall, the EC of stem cells
at the Functionalis (with CD105 and CD90 markers) was more
among patients of reproductive age (<50 years) (m=35.5,
SD =5.5) than patients who were of non-reproductive age (50
years and above) (m=25.9, SD =5.6), a statistically significant
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difference (m=9.6, 95% CI (5.3, 14.6), t (19.630)=4.413,
p<0.001). Overall, the EC of stem cells at the Basalis (with
CD105 and CD90 markers) was more among patients of

reproductive age (<50 years) (m=41.3, SD =5.6) than patients
who were of non-reproductive age (50 years and above)
(m=31.1, SD=6.2), a statistically significant difference
(m=10.2, 95% CI (5.2, 15.2), t (20.714)=4.202, p<0.001).

Overall, the EC of stem cells at the Stroma (with CD105 and
CD90 markers) was more among patients of reproductive age
(<50 years) (m=35.9, SD ="7.8) than patients who were of non-
reproductive age (50 years and above) (m=27.5, SD=4.1), a
statistically significant difference (m=8.4, 95% CI (3.5, 13.4), t
(12.313)=3.523, p=0.002).

Table 1: Paired sample t-test to compare the expression count of stem cells at the different endometrial layers (n=25)

Factors Category Mean *R- P-value Mean difference | T-test C.1.95% P-value
(SD) value (SD)

CD105 Basalis 35.2(7.7) 0.829 <0.001 5.3(4.4) 5.933 3.43-7.09 | <0.001
Functionalis 29.9(7.4)

CD90 Basalis 34.2(6.8) 0.746 <0.001 4.9(4.7) 5.283 3.02-6.89 | <0.001
Functionalis 29.3(6.3)

CD105 Stroma 30.8(7.1) 0.429 0.032 0.9(7.7) 0.594 2.27-4.11 | 0.558
Functionalis 29.9(7.4)

CD90 Stroma 30.3(8.9) 0.547 0.005 1.4(7.6) 0.686 2.1-4.2 0.499
Functionalis 29.2(6.3)

Discussion

Adult stem cells are uncommon undifferentiated cells existent
in various adult tissues. Stem cells play an important role in
tissue homeostasis, altering cells to renew tissues lost by
apoptosis or injury [18]. The role of stem cells is highly
arranged to ensure a convenient balance in stem cell
replacement and save sufficient differentiated mature cells for
tissue and organ function [19]. The present work proved the
existence of stem cells in the endometrium of the adult uterus.
These findings agreed with Prianiskiikov's study [20]. The
author was the first to believe the extended endometrial adult
stem cells in the deeper Basalis layer, with their differentiation
marked by functional changes in hormonal capability.

Moreover, Tempest et al. [21] indicated that endometrium
stem cells were necessary because the human endometrium is a
highly regenerative organ, submit over 4000 cycles of shedding
and regeneration over a woman's lifetime. Our study showed a
high expression with the CD105 and CD90 markers at the
Basalis layer compared to the Functionalis. A similar finding
has been reported by Fayazi et al. [12]. The authors used a
scoring system to record their results. They found that the core
of expression with CD90 was more than the expression with
CD105. Their results are similar to the results obtained in the
present work. Our findings showed that the intensity of the two
markers CD105 and CD90 was higher at the endometrial
Basalis, Functionalis and Stroma layers of patients aged less
than forty years (reproductive age group) than patients aged
forty and above (non-reproductive age).

Moreover, the intensity mentioned above significantly
decreased with increasing age. Similarly, Schwab and Gargett
[22] have recorded that the stem cells of the endometrium are
located in vessels in the perivascular cells. In another study, it
has been proved that CD90 and CD105 are considered
mesenchymal key markers to characterize mesenchymal stem
cell localization. Also, a similar result was obtained by Schwab
et al. [23] that CD90 and CD105 markers expression stained the
two layers of endometrial Functionalis and Basalis. This study
suffers from some limitations. Some of the limitations are

related to routine procedures in forensic medicine institutions,
which caused the study time to be prolonged. Some others are
related to the difficulty of obtaining the consent of the
deceased's relatives due to legal and social reasons.

Conclusion

In conclusion, the expression count (EC) with CD105 and
CD90 markers was 5.26 and 4.96 points higher in Basalis than
in Functionalis. While the expression count (EC) with CD105
and CD90 markers was 0.9 and 1.4 points higher in
Functionalis than Stroma, respectively. Moreover, Functionalis,
Basalis, and Stroma layers of the patients in the reproductive
age group showed high expression count (EC) with CD105 and
CD90 markers compared to patients aged forty years old or
above (non-reproductive age), respectively.

Abbreviation

EnSCs: Endometrial Stem Cells; HPF: High Power Field: EC:
Expression Count; SSCs: Stem Cells or Somatic Stem Cells; IHC:
Immunohistochemistry; FFPE: Paraffin-Embedded Tissue Block; DAB:
Diaminobenzidine
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