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Abstract: (1) Background: To investigate the effect of phosphohistone H3 (PHH3) and vitamin D
receptor (VDR) in the risk assessment of endometriosis, in two cohorts of women with this pathol-
ogy, those receiving hormonal treatment, and those without treatment; (2) Methods: In 60 cases of
women with endometriosis, the paraffin-embedded endometriosis tissue samples, retrieved after
surgery, were immunohistochemically (IHC) analyzed aiming to determine the expression status of
PHH3 and VDR; (3) Results: The IHC positive index of PHH3 and VDR of these two groups were
compared. PHH3 levels were positively correlated with vitamin D levels, both being increased in
patients without treatment. Within the group without treatment, PHH3 and VDR expressions were
positively associated; (4) Conclusions: IHC analysis of PHH3 and VDR can be used as an additional
tool for risk stratification and prognostic assessment in patients with endometriosis.

Keywords: phosphohistone H3; vitamin D; vitamin D receptor; progesterone; endometriosis; im-
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1. Introduction

Due to its severe major impact on women's health and the fact that its physiopathology is yet
incompletely known, endometriosis continues to be an important topic of study in the literature. The
disease affects 10 to 15% of women of reproductive age, reaching higher incidence in cases with in-
fertility or chronic pelvic pain [1,2]. The clinical manifestations of this condition can range from
asymptomatic to its primary clinical manifestation, which remain infertility and severe pelvic pain.
This disease continues to have a significant negative impact on patient’s wellbeing, limiting daily
activity in affected women. Understanding its underlying causes and potential treatments are the
main goals of research on this topic in literature. The condition implies the existence of tissue, glands,
and stroma that resemble the endometrium located outside of the uterus.
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Endometriosis is an estrogen-dependent chronic inflammatory illness that may affect the peri-
cardium, lungs, and even the nervous system in addition to the pelvic region. There are some theories
that try to grasp its mode of appearance and spread. Sampson's theory makes an attempt to explain
it by focusing on the retrograde menstrual cycle. Another explanation is the one Meyers emphasizes,
which attributes the cause to the metaplasia of celomic epithelium [1-3,4].

Endometriosis continues to pose a challenge for clinicians whether they have access to advanced
diagnostic tools or not, with a 4 to 11-year delay between the onset of symptoms and a proper diag-
nosis due to the condition's nonspecific wide range of clinical manifestations as well as the absence
of specific tests or biomarkers. The American Society for Reproductive Medicine (ASRM) classifica-
tion system, which has four stages (stages I - minimum; stage II - mild; stage III - moderate; and stage
IV - severe), is the most extensively used classification system for endometriosis [5].

The first line of treatment for this medical condition, which is hormonally dependent, is hormo-
nal therapy. All of the published guidelines for treating this disease's pain recommend this course of
action, yet there are few therapeutic alternatives and no universally accepted medical or surgical
approach when dealing with infertility [1,6].

Few researches in the literature have examined vitamin D's potential therapeutic benefits for
endometriosis. In addition to being a well-known secosteroid that controls calcium metabolism and
bone mineralization, vitamin D and its receptor also has substantial effects on the immune system
and reduces inflammation in the body. These two additional roles caught the attention of specialists
that began studying its effects in endometriosis [6,7].

Some studies from the literature showed that vitamin D is an inhibitor of cellular proliferation
in carcinomas (breast, colon, skin, brain and other) [8].

Studies on vitamin D have examined the impact of medical interventions in order to elucidate
the expected improvements in endometriosis-related inflammation. A small subset of current re-
search focuses on vitamin D therapy for endometriosis. With its immunomodulatory, anti-inflamma-
tory, anti-proliferative, and anti-invasive properties, vitamin D has been suggested to potentially play
an important role in the multifactorial pathogenesis of endometriosis [8,9].

The vitamin D nuclear receptor (VDR), which is involved in the transcription process of more
than 900 genes, mediates the biological effects of vitamin D. This receptor is engaged in a number of
immunological processes along with the active form of vitamin D, 1,25(OH)2 vitamin D [10,11].

PHH3 is a protein that is an essential part of the nucleosome, which is the fundamental building
block of chromatin and plays a role in the structure and operation of DNA. PHH3 can be altered
chemically through processes including acetylation, methylation, and phosphorylation, which can
change how DNA is organized and regulated. The family of proteins known as histones is essential
in regulating gene expression and chromatin structure [12,13].

PHHS3 alterations may play a role in the onset and progression of endometriosis, according to
recent investigations. For instance, one study discovered that endometrial tissue from women with
endometriosis had unusual high levels of PHH3 acetyl group, which may have an impact in the de-
velopment and survival of abnormal endometrial cells outside of the uterus. Additionally, PHH3
acetylation levels in endometriotic lesions tissue were significantly higher than in healthy endome-
trial tissue, and this increase has a genetic basis because it is linked to the activation of genes essential
for cell survival and proliferation [13,14]. According to another study, PHH3 was discovered to be
hypermethylated in endometriotic tissue lesions. This may be a factor in the development of well-
known endometriosis characteristics such as altered gene expression and cellular function [15]. En-
dometriotic tissue's altered histone 3 methylation patterns resulting in lower levels of the suppressive
H3K27me3 mark and higher levels of the activating H3K4me3 mark, possibly causing abnormal en-
dometrial tissue growth and survival outside of the uterus [14,16,17].

Specific histone-modifying enzymes have also been linked to the onset and development of en-
dometriotic lesions, in addition to these chemical global changes in histone structure [14,18]. Gujral
et al.'s study, for instance, discovered that deacetylating the histone through HDAC3 enhanced the
progression of endometriosis by controlling the expression of genes linked to inflammation and an-
giogenesis [17]. Another study that addressed this issue found that JMJD1A, a histone demethylase,
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was overexpressed in endometriotic tissue and contributed to the onset of endometriosis by control-
ling the transcription of genes involved in the cell cycle [19].

Overall, these studies have thoroughly examined the consequences of this protein alteration that
may play a part in the pathogenesis of endometriosis, even though the precise role of PHH3 in this
disease is still not yet entirely fully understood [14-19]. To better comprehend all of the mechanisms
and to pinpoint further treatment strategies, additional research is required.

The main motivation behind our research is to identify PHH3 in endometriotic lesions in an
effort to shed some light on the physio-pathogenesis of this complex and enigmatic disease, as well
as tissue levels of vitamin D in an effort to validate its autocrine and/or paracrine actions. Further-
more, we believe that the markers PHH3 and vitamin D represent a promising new research direction
in the pathogenesis of endometriosis.

2. Materials and Methods

2.1. Patients and tissue samples

All patients were given written informed consent before being enrolled in the study and the
Hospital Ethics Committee approved it (No 11062/2020 and No 6/2021). When 60 female endometri-
osis patients underwent surgery at the Obstetrics and Gynecology Hospital "Cuza-Voda" in lasi and
the Obstetrics and Gynecology Hospital "Panait Sirbu" in Bucharest, formalin-fixed, paraffin-embed-
ded tissue samples were collected from each patient. All the women included had stage III or IV
endometriotic lesions. The samples were collected between January 2021 and January 2022.

24 of the 60 patients (18 to 42 years old) agreed to get progestin treatment for three months prior
to surgery.

Inclusion criteria:

We collected tissue samples from women who had endometriosis that had been laparoscopically
detected and later histologically confirmed. The tissue samples that we used in the analysis came
from endometriotic ovarian cysts. We collected samples from both women who had undergone sur-
gery and underwent hormone therapy (with dienogest 2mg daily) for three months and from women
without any treatment.

Exclusion criteria:

Due to the possibility that these factors could affect our research, we eliminated patients with a
body mass index (BMI) > 30, malignancy or other tumoral lesions, diabetes, depression, genetic syn-
dromes, and pregnancy.

Histomorphological and immunohistochemistry (IHC) testing confirmed the pathological diag-
nosis in every case. Routinely prepared hematoxylin and eosin (H&E) sections have been examined,
and IHC has been independently evaluated by two pathologists to confirm the diagnosis.

2.2. Immunohistochemistry

IHC staining was performed on tissues that has been formalin-fixed and paraffin-embedded.

Four-micrometer-thick serial sections on coated sections were prepared in citrate buffer (pH 6)
following deparaffinization in xylene and rehydration in ethanol series. 0.3% H202 was used to in-
hibit endogenous peroxidase activity for 20 minutes at room temperature. Monoclonal anti-PHH3
antibodies (BioSB, Santa Barbara, USA) were diluted to 1:250 for working purposes, and vitamin D
anti-receptor dilution 1:3000 (Abcam, Cambridge, UK) was incubated for an overnight period at 4°C.
The sections were washed, exposed to the secondary antibody for 45 minutes at 37 degrees, and then
thoroughly cleaned with phosphate-buffered saline (PBS) (Table 1). Hematoxylin was used as a coun-
terstain in the standard avidin-biotin-peroxidase technique, which used a liquid DAB (diaminoben-
zidine) substrate and chromogen system for viewing. As a negative control, primary antibodies were
left out. Human lymph node tissue section was utilized as a positive reference for PHH3 and human
jejunum was utilized for VDR.

Sixty samples with endometriosis with their tissues' stromal and epithelial components were
examined for PHH3 and VDR. Patients who received treatment were compared to those without
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treatment. PHH3 and VDR have been identified to be present in the normal fallopian tube and follic-
ular ovarian cysts.

The presence of positive cells (brown or yellowish-brown color in the nucleus) in a continuous
cell count in the area of the epithelial and stroma compartments under a light microscope were char-
acterized as PHH3 and VDR positive. Regardless of staining intensity, and number of cells, nuclear
pattern of stained cells was considered to be positive.

Table 1. Immunohistochemical panel of antibodies used in our study.

Antibody Clone, manufacturer DilutionExpression
Anti - PHH3EP233, rabbit monoclonal IgG isotype, BioSB 1:250  Nuclear
Anti - VDR rabbit polyclonal IgG isotype, Abcam 1:3000  Nuclear

PHH3: phoshohistone H3; VDR: vitamin D receptor; IgG: Immunoglobulin G;.

3. Results

Before surgery, 24 (40%) patients had hormonal treatment, while 36 (60%) patients received no
treatment at all. To evaluate the effect of the PHH3 and VDR on the ovarian endometriosis cells, we
used to establish their pattern of expression and distribution.

In this study, 24 (47%) of the 60 endometriosis areas showed PHH3 protein expression.

In contrast to the negative expression of PHH3 (32 cases — 16 without treatment and 16 with
treatment), which was similar in both groups 44% and 66% respectively, the expression level of PHH3
in the group without treatment 20 (71%) was higher than in the group with treatment 8 (29%) (Table
2).

PHH3 was expressed in both the glandular epithelium and endometrial stroma in the group that
received no therapy. While PHH3 was expressed in the glandular epithelium in both groups, patients
receiving medication had a lower level of PHH3 expression in the stroma than patients not receiving
treatment.

PHH3 showed diffuse positive nuclear expression in the stromal (Figure 1) and epithelial com-
partments (Figure 2), however, PHH3 expression levels in the treated group stroma were lower than
those in the untreated one (Figure 3 and 4).

VDR showed diffuse positive nuclear expression both in the epithelial (Figure 5) and stromal
(Figure 6) compartments, however, VDR expression levels in the treated group stroma tend to be
lower than those in the untreated one (Figure 7-8).

Table 2. Correlation between the PHH3 and VDR expression levels in the two groups.

with treatment without treatment
24 (40%) 36 (60%)
positive negative positive negative
PHH3 8 (29%) 16 (66%) 20 (71%) 16 (44%)
VDR 20 (83%) 4 (17%) 32 (89%) 4 (13%)

Comparative images of the immunohistochemical staining in the two groups (with or without
treatment)
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partment in patients (x10) stroma compartment in patients (x20)
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4. Discussion

There are limited data about PHH3, a protein thought to play a role in a number of biological
processes related to endometriosis. The PHH3 protein, which is known to be involved in DNA-tem-
plated reactions to the nucleosome, is thought to undergo several genetic alterations over the course
of this disease's development and progression [2,18].

Information about PHH3 expression in endometriosis remains scarce.

Our research showed that the PHH3 signature is present in both the stromal and epithelial com-
ponents and is associated with an increased risk of developing severe endometriosis. PHH3 was ex-
pressed in both the treated and untreated groups. Positive correlations and substantial associations
between patients without therapy and positive PHH3 expression were identified.

There are only a few studies in literature evaluating VDR expression in endometriosis. It's also
debatable whether vitamin D levels and endometriosis are linked. The published reports regarding
vitamin D in the literature showed a great variability of the available expression as follows: in endo-
metrial receptivity during the menstrual cycle before embryo transfer [20], in endometriotic heterot-
opies and endometrium of patients with genital endometriosis [21], and the study of vitamin D in
ovarian endometriosis compared to the three phases of the normal endometrium [8]. Contrarily, our
approach has been to use vitamin D that promotes secretion and regulates normal cellular growth at
a local level, focusing on the role of vitamin D in defining endometriosis. This has allowed us to
determine the ability of both epithelial and stromal cells to synthesize vitamin D in accordance with
available treatment options.

Contradictory results have been found in human investigations, despite the fact that in vitro and
animal studies have supported the immunomodulatory effects of vitamin D in endometriosis, with
the regression of implants. The extremely varied nature of endometriosis may be a factor in the in-
consistent nature of study findings. Additionally, 1,25(OH)2 vitamin D, the active form of vitamin D,
has a short half-life, making it challenging to accurately measuring it [7,8,20,21]. Agic et al. have pro-
posed that, in contrast to its well-known endocrine function, vitamin D may have more local effects,
autocrine and/or paracrine that contribute to endometriosis. He detected higher levels of vitamin D
in ovarian endometriosis cysts compared to normal ovarian tissue. We measured VDR expression in
tissue samples (both in epithelium and stroma) from women with endometriosis in an effort to take
a further step in the direction suggested by Agic et al., 2007 [22].

There is scarce research analyzing the tissue levels of VDR in endometriosis-affected women.
Due to numerous discrepancies found in human and animal studies about the serum vitamin D levels
and its effects in endometriosis patients, we made the decision to conduct this analysis at the tissue
level. In another investigation on human endometriotic stromal cells, Miyashita et al. found that vit-
amin D treatment did not only reduce inflammation but also significantly decreased the viability of
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the aforementioned cell type, rather than having a proapoptotic effect [23]. The next step in this di-
rection is revealed by our study that proved high VDR expression in our endometriotic tissue samples
in women without hormonal therapy. This aspect, combined with the low serum vitamin D levels
found in endometriosis patients in most studies and the lower tissue levels observed in ours in
women receiving hormonal therapy, suggests that vitamin D supplementation is necessary in pa-
tients with this condition in order to slow down the spread and severity of the disease [7,9,23-25].

In their 2021 investigation, Yarmolinskaya et al. took into account the polymorphism of vitamin
D nuclear receptor while evaluating the expression of VDR in the eutopic and ectopic endometrium
in 32 women with endometriosis and in 20 healthy controls. In an effort to confirm the favorable
effects of hormonal treatment in this still enigmatic disease, we only intended to examine the receptor
presence in endometriosis-affected women who were receiving progestine treatment or not. The Rus-
sian researchers discovered no cyclic fluctuations with the menstrual cycle phases compared to con-
trols and a lower VDR expression in the ectopic endometrium than in the eutopic one in women with
endometriosis. We made an effort to go further into this area by examining VDR expression in the
endometriotic cyst tissue of women who had already received endometriosis diagnoses and con-
trasting women with treatment with those who had not received treatment. High amounts of VDR
were found in women who weren't receiving treatment [21].

We are aware of no other studies on VDR expression in women's endometriotic ectopic tissue
outside the aforementioned Russian study [22,26,27].

The increased expression of VDR in the endometrium of endometriosis-suffering women with-
out therapy shows that the molecular pathway is actively involved in the development and patho-
physiology of endometriosis. Nevertheless, there is a strong correlation between the presence of hor-
monal action and the low expression of VDR in the group receiving treatment.

Vitamin D functions as a cellular signal transducer to suppress proliferation in the group receiv-
ing treatment due to its lower receptor expression in epithelial and stromal components. Based on
their findings, the authors of an extensive review of the available vitamin D literature from 2018 came
to the conclusion that vitamin D is a steroid hormone with progesterone-like activity. These findings,
along with ours, suggest that VDR may be linked to some forms of endometrioses' aggressiveness in
individuals who are not receiving treatment [28]. Additionally, by highlighting the anti-fibrotic prop-
erties of vitamin D, Monastra et al. suggest a new line of inquiry for us: whether vitamin D supple-
mentation, in addition to the standard progestin therapy, might help endometriosis patients avoid
the fibrosis and adhesions that are characteristic of their condition and alleviate pain-related symp-
toms [29].

We discovered that patients receiving treatment had lower levels of PHH3 and VDR, indicating
a protective effect of the hormone therapy. The role of PHHS3 in risk stratification and prognostic of
endometriosis is basically equivalent to the direct protein expression. The use of PHH3 IHC analysis
makes it more convenient for clinicians to detect endometriosis.

It is hypothesized that PHH3, which functions as a nucleosome for DNA synthesis, plays a role
in endometriosis patients' increased proliferation and decreased apoptosis rates in the epithelial and
stromal areas.

In endometriosis patients, PHH3 knockdown contributes to preventing cellular division and
proliferation, which raises the apoptosis rate of the epithelial and stromal endometriosis areas.

PHH3 plays a role, equivalent to the direct protein expression, in endometriosis risk assessment
and prognostication. Clinicians can more easily identify endometriosis when PHH3 IHC detection is
used.

According to these findings, the current investigation revealed that an important percentage of
the group not receiving therapy expressed PHH3.

Study limitations

Our research has some limitations. The first is illustrated by the small number of patients whose
tissue samples were examined and included in our analysis. We need extensive additional studies in
this area so we can understand the variation in previous findings on vitamin D levels in endometri-
osis patients. The second aspect is represented by the fact that only endometriosis cysts were used
for sample collection in all cases. This disease's phenotype cannot be regarded as typical of an illness
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as complex as endometriosis. As a further direction, we will try to correlate these results with serum
vitamin D and PHH3 levels in these patients.

5. Conclusions

PHH3 overexpression has been associated with the group that received no therapy, and addi-
tional research has not supported the specificity of anti-PHH3 antibody immunostaining. From what
we know, this is the first study that evaluated tissue VDR expression in women with endometriosis
with and without treatment. Vitamin D overexpression is linked to patients' poor prognoses in the
absence of treatment. Additionally, this analysis of the relationship between PHH3 and VDR tissue
expression in endometriosis-affected women was analyzed for the first time, according to our
knowledge.
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