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ABSTRACT Objective: In our study, we investigated transient receptor potential melastatin 7 (TRPM7) immunoreactivity in pre- and post-
treatment pathology samples of patients with endometrial hyperplasia (EH) who responded to progesterone therapy and were resistant to pro-
gesterone therapy. Material and Methods: In this retrospective, comparative and single-center case-control study, endometrial tissue TRPM7
immunoreactivity was evaluated in sections obtained from paraffin blocks of 60 cases diagnosed with EH and proliferative endometrium.
Randomly selected proliferative endometrium group for control [(Group(G)1, n=20)], The first [(G2, n=20)] and second [(G3, n=20)] biopsy
results of the group diagnosed with EH and recovered with progesterone therapy. The first [(G4, n=20)] and second [(GS5, n=20)] biopsy re-
sults of the group that was diagnosed with EH but did not recover with progesterone treatment. SPSS version 22 program (SPSS Inc., Chicago,
IL) was used for statistical analysis. Intergroup evaluation was carried out with one-way ANOVA and post-hoc tukey test. p<0.05 values
were considered statistically significant. Results: TRPM7 immunoreactivity was found to be significantly increased in G2, G4, and G5 com-
pared to G1. However, no significant difference was observed between G2, G4, and G5. When compared with these groups, TRPM7 im-
munoreactivity was observed to be significantly decreased in G3, and it was observed to be similar to G1. Conclusion: In EH cases, the
unchanged TRPM7 immunoreactivity before and after treatment may be an immunohistochemical biomarker for determining resistance to pro-
gesterone therapy.

Keywords: Biomarker; endometrial hyperplasia; immunohistochemistry; TRPM7

The sixth most frequent malignancy in women gesterone.” EH can develop into endometrial cancer,
worldwide is endometrial cancer (EC).! There is cur- but how quickly it does so depends on a variety of vari-
rently no reliable EC screening program. Endome- ables, including the degree of architectural abnormali-
trial hyperplasia (EH) may be helpful for an early ties and whether or not nuclear atypia is present.’
identification of EC because it is a precursor lesion of

The most popular medicinal strategy for treating
endometrioid adenocarcinoma, the most frequent

women with EH is progesterone. Progesterone re-

type. An endometrial biopsy alongside a dilatation ceptors are activated by progestin support, which

and curettage surgery should be carried out when
there is a simultaneous risk of EC in order to rule out

causes endometrial stroma to decidulate and the en-
dometrium to shrink.® Progesterone treatment should
any cancers.”’ be preferred in women with EH without atypia who
In EH, there is an increase in the gland-stroma want to preserve their fertility. Progesterone should

ratio and excessive endometrial gland development not be used in women with thrombophilia, liver fail-

as a result of ongoing estrogenic action on the en- ure, pregnancy, progesterone receptor positive breast
dometrium, which is not under the influence of pro- cancer, and allergic conditions.
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The plasma membrane’s ion channels play a
key role in cellular electrogenesis and electrical con-
duction. All fundamental cell behaviors necessary
for the preservation of tissue homeostases, including
apoptosis, proliferation, and differentiation, are car-
ried out by these channels. lon channels participate
in these important processes via a number of key
mechanisms, these include assuring fundamental
signal transduction by maintaining membrane po-
tential, controlling cell volume, and allowing ions
into the cell. The main reasons of abnormal tissue
growth are malignant cell transformation, defective
differentiation, and decreased ability of cell death
as a result of increased proliferation. Consequently,
there may be uncontrolled proliferation and inva-
sion.” Some changes in physiological processes such
as apoptosis, cell division, migration, invasion, and
angiogenesis result in tumor growth. Transient re-
ceptor potential (TRP) channels and calcium home-
ostasis regulate these processes.® TRP channels are
involved in some physiological events as well as
their relationship with some malignant and serious
diseases. Some changes in TRP protein expression
play an important role in cancer initiation and inva-
sion.’

The aim of this study is to investigate TRP
melastatin 7 (TRPM7) immunoreactivity in en-
dometrial biopsies of cases with EH as an immuno-
histochemical marker to investigate its effectiveness
in predicting the transition possibility from EH to
EC.

MATERIAL AND METHODS

This retrospective case-control study was approved
by the local Ethics Committee of Firat University
(date: July 21, 2020, no: 11-04). In this study, the file
details of all cases diagnosed with EH in the last 10
years at the Firat University Medical Faculty Hospi-
tal, Gynecology and Obstetrics Clinic were exam-
ined. Helsinki Declaration principles were followed
in the study. Endometrial biopsy results of the cases
diagnosed with EH without atypia were obtained pre-
treatment and after 6-month progesterone (oral
medroxyprogesterone acetate was given at a daily
dose of 10 mg for 14 days every month for 6 months)
treatment. In this way, biopsy results and file details
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of 40 patients were obtained. Twenty randomly se-
lected cases with proliferative endometrium as a re-
sult of the biopsy were determined as the control
group. Paraffin blocks were obtained from all cases in
the pathology laboratory. TRPM7 immunostaining
was performed on the preparations obtained from all
groups.

Randomly selected proliferative endometrium
group for control [(Group(G)1, n=20)],

The first [(G2, n=20)] and second [(G3, n=20)]
biopsy results of the group diagnosed with EH and
recovered with progesterone therapy.

The first [(G4, n=20)] and second [(G5, n=20)]
biopsy results of the group that was diagnosed with
EH but did not recover with progesterone treatment.

IMMUNOHISTOCHEMICAL EVALUATION

Sections of 4-6 um thickness obtained from paraffin
blocks were placed on polylysine slides. Deparaf-
finized tissues were passed through a graded alcohol
series. It was then boiled for 12 minutes in a mi-
crowave oven (750 W), and citrate buffer solution at
pH 6 for antigen retrieval.!” After Ultra V Block
(TA-125-UB, Lab Vision Corporation, USA) solu-
tions were applied to prevent surface staining, tis-
sues were incubated for 60 minutes with TRPM7
primary antibodies purchased from Abcam (Goat
Anti-TRPM7 antibodies, ab729, Abcam, Cam-
bridge, UK). After the application of primary anti-
bodies, tissues were incubated with secondary
antibodies (30 min) (biotinized anti-mouse/rabbit
IgG, Diagnostic BioSystems, KP 50A, Pleasanton,
USA), streptavidin alkaline phosphatase (30 min)
(TS-060-AP, the Lab Vision Corporation, USA) and
Fast Red Substrate System (TA-125-AF, the Lab
Vision Corporation, USA). After the tissues were
left for contrast staining with Mayer’s hematoxylin,
they were treated with PBS (phosphate buffered
saline) distilled water and then sealed with a cap-
ping solution. Leica DM500 (Leica DFC295) brand
microscope was used for microscopic examinations
and photographs. Immunohistochemical scoring
(Histoscore)=distribution [(0.1=under 25%; 0.4=26-
50%; 0.6=50-75%; 0.9=76-100%)]*staining inten-
sity [(0=no; +0.5=very little; +1=little; +2=medium;
+3=very strong)].'°
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STATISTICAL ANALYSIS

Data were presented as mean+standard deviation.
Statistical analyses were performed with the program
SPSS 22.0 (IBM Corporation Armonk, NY, USA).
Intergroup evaluation was carried out with one-way
ANOVA and posthoc tukey test. p<0.05 values were
considered statistically significant.

RESULTS

With regard to TRPM7 immunoreactivity, a statis-
tically significant increase was observed in G2
(Figure 1b) (p<0.001), G4 (Figure 1d) (p<0.001)
and G5 (Figure le) (p<0.001) compared to G1
(Figure 1a). However, TRPM7 immunoreactivity
was similar among G2, G4, and G5 and no statisti-
cally significant difference was observed. When
compared with these groups, statistically signifi-
cantly decreased TRPM7 immunoreactivity was

observed in G3 (Figure 1c) (p<0.001), and this de-
crease was similar to G1 (p=0.938). Values for all
groups are shown in Table 1.

TABLE 1: TRPM7 immunoreactivity histoscore in all groups
(meanzstandard deviation).
Groups Histoscore (prevalence x severity)
G1 0,21+0,08
G2 0,75+0,14°
G3 0,23+0,09°
G4 0,7240,19°
G5 0,69+0,16°

Values are given as meantstandard deviation; *Compared with the proliferative en-
dometrium group; ®Compared with G3 (p<0.05); G1: Proliferative endometrium group;
G2: First biopsy result of the group diagnosed with endometrial hyperplasia and im-
proved with progesterone treatment; G3: Second biopsy result of the group diagnosed
with endometrial hyperplasia and improved with progesterone treatment; G4: First biopsy
result of the group diagnosed with endometrial hyperplasia and not improved with pro-
gesterone treatment; G5: Second biopsy result of the group diagnosed with endometrial
hyperplasia and not improved with progesterone treatment.
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FIGURE 1: a: TRPM7 immune positive cells are observed in Group 1 (black arrow); b: Increased TRPM7 immune positive cells are observed in Group 2 (black arrow);
c: Increased TRPM7 immune positive cells are observed in Group 3 (black arrow); d: TRPM7 immune positive cells are observed in Group 4 (black arrow); e: TRPM7 im-

mune positive cells are observed in Group 5 (black arrow); f: Positive control.
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DISCUSSION

Our research revealed that, in comparison to the pro-
liferative endometrium group, TRPM7 immunoreac-
tivity increased in all of our EH groups. We showed
that, whereas TRPM7 immunoreactivity re-decreased
in the group that responded well to progesterone
treatment, the treatment-resistant group did not ex-
perience a change. The immunohistochemical marker
TRPM7 immunoreactivity may be used to identify
cases with resistant EH.

EH is an irregular proliferation of endometrial
glands that usually precedes endometrioid-type en-
dometrial cancer.? Since progestins promote endome-
trial cell death and counteract estrogen’s growth-
promoting effects, they are frequently utilized in con-
servative EH and early stage EC treatment.!' Pro-
gestins are highly effective and safe agents in the
treatment of EH without atypia. Oral progestins have
a success rate of 85%, and intrauterine device that re-
leases levonorgestrel-intrauterine device about 100%.
However, a sizable minority of patients remain resis-
tant to conventional therapy or relapse after remis-
sion, with a risk of developing an invasive disease.'”
Consequently, there has been an increase in interest
in recent years in researching clinical, imaging, his-
tological, and molecular aspects that may have an im-
pact on the course of treatment.'* Every 3 to 6 months,
endometrial samples should be taken to assess the
therapeutic efficacy of progestin medication. A com-
prehensive follow-up is mandatory, especially in
women with atypical EH. Premenopausal patients who
want to maintain their fertility can stop taking pro-
gestin medication after three to 6 months if their en-
dometrium can show regression and is histologically
healthy.'* We performed endometrial sampling for our
cases after 6 months of regular progesterone treatment.

To assess tissue markers used in the diagnosis,
prognosis, and treatment of numerous diseases, im-
munohistochemistry is often utilized.'* Although sev-
eral immunohistochemistry markers have been
examined, their availability is still unclear.'® Proges-
terone was given to the participants in our study for
6 months to treat EH without atypia. Additionally,
TRPM7 positivity was examined in light of the pos-
sibility of an immunohistochemical marker.
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Calcium plays a major role in migration, adhe-
sion, proliferation and neuroangiogenesis.!” Ton
channels control these activities by changing intra-
cellular calcium concentrations. TRP channels play
an important role in proliferation, migration, adhe-
sion and neuroangiogenesis.'®* TRP channel expres-
sion in endometrial biopsies has been demonstrated
to vary over the course of the menstrual cycle.!”
Increased mRNA levels of TRPV2, TRPV4,
TRPC1/4, TRPC6, TRPM4, and TRPM?7 in human
endometrial stromal cells indicate functional ex-
pression of these channels.!” We preferred TRPM7
ion channel activity in our study as a result of its
strong relationship with proliferation from the TRP
ion channels above.

It may be possible that the sex hormones estro-
gen and progesterone regulate particular TRP chan-
nels based on their distinctive mRNA expression
patterns during the menstrual cycle.!” The transition
from the silent phase to the spreading phase is likely
made possible by TRPM7. Every menstrual cycle
involves the proliferation and differentiation of stro-
mal cells. Although earlier studies have suggested
that TRPM?7 is essential for proliferating cells, dif-
ferentiated cells express less TRPM7.2%2! Since
TRPM?7 expression has also been found to decrease
in differentiated cells in our investigation, the de-
crease in TRPM7 activity in our group in response to
progesterone treatment suggests that irregular prolif-
eration had also decreased and hyperplasia had re-
gressed. Additionally, we showed in our study that
among the group unresponsive to progesterone treat-
ment, TRPM7 activity did not regress in comparison
to the first biopsy results. This finding suggests that
TRPM7 activity and the persistence of proliferation
may be related. Yalgin et al. reported that there was a
down-regulation in gene expression and that there
was no immunohistochemistry difference between
proliferative endometrium and EH without atypia in
terms of TRPM7 activity.'® We demonstrated that
there was a considerable increase in TRPM7 im-
munoreactivity in our EH group compared to our pro-
liferative endometrium group, in contrast to Yal¢in
etal.’s findings.'”We may have seen a difference be-
tween these trials because we didn’t include cases of
atypic hyperplasia.
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Independent examination of the methylome in
each cellular compartment may shed light on the es-
tablishment of hormone therapy resistance in addi-
tion to the expression of hormone receptors that can
mediate the therapeutic effects of progesterone in the
stroma or epithelium. DNA methylation is an epige-
netic alteration that has the potential to alter gene ex-
pression and turn healthy cells into cancerous cells.?
According to some research, these epigenetic modi-
fications may contribute to the initiation or metasta-
sis of cancer.”® As earlier mentioned, it is obvious that
the inability of hyperplasia to respond to treatment
may also be due to epigenetic factors. For example,
the relationship between insulin resistance and cell
proliferation may be a potential therapeutic target in
correcting hyperplasia and preventing endometrial
cancer.”* This link has been confirmed by numerous
investigations, which also show that metformin is ef-
fective in inducing endometrial atrophy in benign en-
dometrial proliferative disorders. According to a
published study, 96% of women using metformin ex-
perienced atrophy, which led to the reversal of EH.?
Among other suggested mechanisms of metformin’s
anti-cancer activities, there are direct effects on cell
signaling pathways, such as inhibition of the mam-
malian target of rapamycin (mTOR), mitogen-acti-
vated protein kinase (MAPK) activity, and Akt
activity. These pathways play a crucial role in both
hyperplasia and malignant lesions in any tissue be-
cause they are engaged in cell proliferation. Given
that metformin inhibits these pathways, cell prolifer-
ation will be inhibited and the likelihood of develop-
ing cancerous lesions will be reduced.”® Many
signaling pathways are regulated by TRPM?7, such as
the signal converter and activator of transcription 3,
Notch, PI3K/Akt, and MAPK signaling pathways.?’
We believe that TRPM?7 inhibition may also be ef-
fective in the regression of hyperplasia, similar to the
potential of metformin to treat EH through the afore-
mentioned mechanisms.”” It has repeatedly been
demonstrated that inhibiting TRPM7 prevents PC-3
cells from proliferating, migrating, and invading. Ad-
ditionally, research has shown that therapy with car-
vacrol, a non-selective TRPM?7 inhibitor, greatly
reduces prostate cancer cells’ ability to proliferate,
migrate, and invade.?® Progestins are essential for

63

treating EC because they bind to the progesterone re-
ceptor, which prevents cell growth and triggers au-
tophagy.” Long-term exposure to progesterone has
been shown to increase resistance to therapy by acti-
vating the PIK3CA-AKT-mTOR signaling pathway
and inhibiting autophagy.?” Pharmacological sup-
pression of the PIK3CA-AKT-mTOR pathway by
RADOO1 (everolimus) or mTOR degradation has
been shown to re-sensitize progesterone-resistant
cells to progesterone. Zhao et al. reported that pro-
gestin-resistant cells could be obtained by exposing
EC cells to long-term MPA treatment.’* However,
MPA administration drastically reduces cell viability
and proliferation, with the exception of progestin-re-
sistant cells, and it also causes autophagy in parent
Ishikawa cells. This implies that long-term proges-
terone administration can decrease progesterone re-
ceptor expression levels and activate compensatory
pathways to promote cell proliferation and prevent
autophagy. In our results, TRPM7 activity was also
reduced in our hyperplasia cases that improved with
progesterone. The aforementioned mechanisms may
also be effective in this improvement. Nevertheless,
further studies are needed to explain the persistence
of high TRPM7 activity in our non-improved EH
cases in comparison to the control group. Proges-
terone has been shown to inhibit TRPM7 expression
and suppress cell proliferation in human cervical can-
cer HeLa cells. These results indicate that proges-
terone inhibits the proliferation of cervical cancer
cells and suppresses TRPM?7 expression and activity,
converting acidotoxic cell death from necrosis to
apoptosis.’!

There are studies indicating the association of
increased TRPM7 immunoreactivity with poor prog-
nosis in various cancers. According to Rybarczk et
al., high TRPM?7 levels were linked to a poor prog-
nosis in pancreatic ductal adenocarcinoma.* Over-
expression of TRPM7 in ovarian cancer, according
to Wang et al., was related with a poor prognosis.™
Sahni and Scharenberg showed that TRPM7 defi-
ciency suppresses growth in cells, resulting in a
secondary arrest in proliferation.** In addition,
suppression of TRPM7 has been shown to induce
growth and proliferation for some cell types.*
The best molecular biomarker should be reliable and
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reproducible. It should also indicate the transition be-
tween normal/benign and malignant and be reliable
and usable in predicting this transition. Although
there is no perfect biomarker that meets these condi-
tions yet, studies are continuing. Some immunobhis-
tochemical markers have been studied to predict the
progression of EH to malignancy.' TRPM7 im-
munoreactivity can also be a reliable marker in the
detection of resistant EH cases.

The limitations of our study are that it is a retro-
spective study with a small number of cases, and that
atypia EH and endometrial cancers were not included
in the study. Another limitation is that we did not
evaluate advanced parameters that would prove the
pathophysiological effects of TRPM7. These defi-
ciencies can be eliminated in prospective planned
studies. We could not follow up with our patients
with non-improved hyperplasia for a longer period of
time for ethical reasons, since, among these cases, the
number of patients who wanted fertility and wanted
their uteruses to be preserved was not high enough to
create a statistical significance. Therefore, we could
not obtain long-term endometrial biopsy results of
our non-improved patients.

The strength of our study is the comparison of
post-treatment biopsy results of our cases diagnosed
with EH and treated. In other words, with the evalu-
ation of TRPM7 immunoreactivity in the first and
second biopsies of the same case, this study is the first
in the literature. Thus, another strength of our study
is showing that a single immunohistochemical eval-
uation can be an easy method to detect resistant EH
cases.
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CONCLUSION

The fact that TRPM7 immunoreactivity did not
change post-treatment in comparison to pre-treatment
in the same case may be an immunohistochemical
marker indicating progression in determining resis-
tance to progesterone treatment and progression in
EH cases.
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