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ABSTRACT

Background: Pregnancy success is highly determined by embryo dynamics and endometrial receptivity.
The detection of biomarkers to assess endometrial receptivity is a promising approach that aids in infertility
management. Heart and neural crest derivatives expressed 2 (HAND?2) is a progesterone-dependent protein
in uterine stromal tissue that triggers cellular changes supporting the formation of a receptive endometrium.
HAND2 has potential as a biomarker for assessing endometrial receptivity.

Materials and Methods: In this pre-experimental study, we evaluated endometrial morphology using sonography
and measured serum levels of progesterone and HAND2 in the pre-and post-ovulatory phases in 40 patients
who underwent ovarian stimulation with 50 mg of clomiphene citrate. The endometrial morphology evaluated
included endometrial thickness, echogenic patterns, and periendometrial vascular distribution.

Discussion: Serum levels of progesterone and HAND2 increased in conjunction with morphological changes
observed in endometrial sonography. There was a significant correlation between changes in progesterone and
HAND?2 levels in the pre-and post-ovulatory phases with changes in endometrial sonography.

Conclusion: There is a significant correlation between changes in progesterone and HAND?2 levels and changes

in endometrial sonography morphology.
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INTRODUCTION

The success of pregnancy is significantly determined by the embryo
and the endometrium. A healthy embryo without a receptive
endometrium increases the risk of implantation failure. The failure of
the endometrium to prepare adequately can reduce pregnancy success
rates by up to 49.5%.!?

Detecting biomarkers to assess endometrial receptivity is an intriguing
and helpful approach in infertility management. Clinically, endometrial
receptivity can be evaluated through sonographic imaging, biochemical
assessments, genetic testing, and other aspects. To date, transvaginal
ultrasonography is the most widely used non-invasive method in
clinical practice for assessing endometrial receptivity. However,
sonographic evaluations are influenced by many factors, including the
examiner's subjectivity and variations in ultrasound machines, which
leads to inconsistent conclusions regarding the use of sonography in
evaluating endometrial receptivity.?

Heart and neural crest derivatives expressed 2 (HAND?2) is a protein
encoded by the HAND2 gene in humans. The induction of HAND2,
which is progesterone-dependent in uterine stromal tissue, triggers
cellular changes that support the formation of an endometrium optimal
for embryo implantation.*

With the advancement of biomarkers in the process of decidualization,
research on HAND?2 in serum, combined with endometrial morphology
assessments using sonography, is considered highly promising. This is
particularly significant as it has not been conducted in humans before,
is less invasive, and adds value in explaining the pathogenesis of
endometrial receptivity.

MATERIALS AND METHODS

The design of this study is a pre-experimental study conducted at
Dr. Soetomo General Academic Hospital and Poskesdim Clinic in
Bangkalan, East Java. Ethical clearance was approved by the Ethics
Committee of Dr. Soetomo General Academic Hospital. A total
of 40 patients were recruited for this study. The recruited patients
were those who received a dose of 50 mg of clomiphene citrate for
ovarian stimulation due to primary or secondary infertility, had regular
menstrual cycles, and had a normal body mass index. Patients with a
history of hormonal drug use, a history of endometrial surgery such
as curettage or hysteroscopy, myomectomy, as well as patients with
pathological lesions on the endometrium or those that destroy the
endometrium, were excluded from this study.

Samples receiving clomiphene citrate as ovarian stimulation at a
dose of 50 mg for 5 days during the early menstrual phase underwent
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transvaginal sonography on day 12 as the pre-ovulatory phase to
evaluate endometrial morphology. The parameters evaluated in
sonography included endometrial thickness, endometrial echogenic
patterns, and vascular distribution in the endometrial area. The results
obtained were then categorized and scored according to Applebaum's
criteria. On the same day, blood samples were collected to measure
serum progesterone and HAND?2 levels using the ELISA method.
Similar evaluations were performed on the same patients on days 19-
21 as the post-ovulatory phase.

Data were then analyzed using SPSS statistical software with the
Spearman test, and the significance level was set at p < 0.05.

RESULTS

Patient Characteristics are presented in Table 1.

Table 1. Characteristics of Study Subjects.

Variable Mean Value + SD
Age (years) 27.32+£4.49
Duration of marriage (years) 325+1.41

Body mass index (kg/m?) 22.66 +1.98
Menstrual cycle (days) 30+ 1.86

The results of endometrial sonography morphology are displayed
in Table 2, where the echogenic patterns of the endometrium are
categorized into groups A, B, and C, and the periendometrial vascular
distribution is categorized into groups I, II, and III. Each category was
then scored according to Applebaum’s criteria. A total score of <6
indicates a non-receptive endometrium, while a score >6 indicates a
receptive endometrium.

Table 2. Characteristics of Transvaginal Sonography Examination
Results.

Variable Variable Pre-ovulation Post-ovulation
Category
Endometrial thickness (mm) 6.80 £ 1.27
Endometrial A 7 (17.5%) 4 (10%)
ndometnal g 12 (30%) 10 (25%)
pattern (n)
C 21 (52.5%) 26 (65%)
Subendometrial I 0 21 (52.5%)
blood flow I 28 (70%) 19 (47.5%)
distribution (n) [II 12 (30%) 0
Total score 3.30£2.61 6.67 +£2.65

The examination revealed a significant increase in HAND2 levels
in the pre-and post-ovulation phases with p = 0.000 (Figure 1).
Additionally, there was a significant correlation between changes in
serum progesterone and HAND?2 levels in the pre-and post-ovulation
phases with changes in endometrial sonography morphology (Table 3).

Table 3. Correlation of Changes in Progesterone and HAND2 Levels
with Total Ultrasound Score.

Variable Pre-ovulation Post-ovulation p-value
Progesterone 0.58 + 0.52 859+ 631 0.009
(ng/mL)

ig\lm g/ 551 4269 11.58 £5.48  0.000

L
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Figure 1. Comparison of HAND2 Levels Pre-ovulation and Post-
ovulation.

DISCUSSION

The endometrium is a highly dynamic tissue that undergoes cyclical
changes in response to steroid hormones to create a receptive
window for implantation. These cyclical changes are reflected in the
ultrasonographic appearance of the endometrium. Various factors,
such as unexplained infertility, can lead to lower pregnancy rates
after ovarian stimulation with clomiphene citrate. However, it should
be noted that the anti-estrogenic effect of clomiphene citrate on the
endometrium may cause disturbances during implantation. This effect
is dose-dependent, and higher doses exacerbate this issue.¢

A meta-analysis by Gadalla reported that using 50 mg of clomiphene
citrate resulted in an endometrial thickness reduction of 0.5-2.3 mm
compared to non-use.® Another study by Elkattan found that pre-
ovulatory endometrial thickness with ovulation induction using
clomiphene citrate was 8.87 + 2.5 mm with a type C echogenic
pattern.” Other studies comparing the effects of clomiphene citrate on
endometrial morphology during the proliferative and mid-secretory
phases reported similar results, with endometrial thicknesses of 9.7 +
2.05 mm and 10.7 £ 3.06 mm, respectively. This study also revealed
that the majority of endometrial echogenic patterns observed were of
type C. Furthermore, this study compared progesterone levels in both
phases, with pre-ovulatory progesterone levels of 0.54 + 0.36 ng/mL
and mid-secretory phase levels of 9.76 + 4.47 ng/mL.%°

After ovulation, progesterone levels increase. Progesterone, along
with proteins regulated by progesterone and/or cyclic adenosine
monophosphate (cAMP), including HAND2, FOXO1, HOXA-10,
and STAT, forms a crucial network for the decidualization of human
endometrial stromal cells. Decidualization involves morphological and
functional differentiation, as well as the expression of specific decidual
factors and markers such as prolactin and IGFBP-1. In the secretory
phase, the endometrium becomes hyperechoic due to the accumulation
of secretory products such as glandular mucus, glycoproteins, and
lectins. This is consistent with our study, where the mean serum
progesterone level in the luteal phase increased to 8.59 + 6.31 ng/
mL. The sonographic evaluation showed endometrial thickness of
9.12 £ 1.80 mm with a hyperechoic (type C) echogenic pattern and
type I vascular distribution, evenly distributed in the endometrium and
subendometrial areas.!®!!
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In our study, a positive correlation was found between changes in
pre- and post-ovulatory progesterone levels and changes in pre- and
post-ovulatory HAND2 levels with p = 0.000. This is consistent
with previous studies on animal models, which revealed a positive
correlation between progesterone expression and HAND2 expression.
A study by Sucurovi¢ suggested that progesterone acts as a regulator
of HAND?2 expression, and the accumulation of both (HAND2/PR2)
in the endometrium creates a microenvironment conducive to embryo
attachment and implantation.'

In our study, HAND?2 levels were measured twice, in the pre-ovulatory
and post-ovulatory stages. This study showed an increase in mean
HAND? levels from 7.51 £+ 2.69 ng/mL in the pre-ovulatory phase to
11.58 + 5.48 ng/mL in the post-ovulatory phase. These results align
with the study by Ramathal et al., which suggested a possible shift
in the regulatory pathway between progestin and cAMP through the
HAND?2 pathway during the decidualization of the human extracellular
matrix.'?

CONCLUSION

This study demonstrates a significant correlation between changes
in progesterone and HAND?2 levels and alterations in endometrial
sonography morphology. Future studies should evaluate other
biomarkers such as estradiol levels and folliculometry to gain
a more comprehensive understanding of the dynamics and
relationships between variables.
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