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Abstract: PgRMCI1 (progesterone receptor membrane component 1) is a progesterone-binding protein highly
expressed in various cancer cells. Its expression has been associated with cancer development,
chemoresistance, and poor prognosis in breast cancer through the regulation of drug and sterol metabolism,
cell cycle, and apoptosis. However, the precise functions of PgRMC1 remain unclear. We examined PgRMC1
expression in breast cancer tissues and analyzed its correlation with clinicopathological characteristics and
treatment response (n=112). PgRMC1 expression was detected in breast cancer tissue, while no
immunoreactivity for PgRMC1 was observed in normal breast tissue. Notably, PgRMC1 expression levels were
high in the HER2 subtype. Among patients treated with neoadjuvant chemotherapy, those with a poor
pathological response had significantly higher PgRMCI1 expression than those with a good response. PgRMC1
overexpression in breast cancer cell lines reduced chemosensitivity. Real-time qPCR analyses revealed that
PgRMCI1 induced the expression of differentiation markers, including CDH1 and KRT19, indicating that
PgRMC1 is involved in the suppression of epithelial-mesenchymal transition and mammary luminal epithelial
differentiation. Our findings suggest that PgRMC1 may contribute to chemoresistance and serve as a putative
biomarker for assessing neoadjuvant chemotherapy sensitivity.

Graphical Abstract: PgRMC1 expression in Breast Cancer

) \ RECIST
0\ .\ Grade2~3
PgRMC1 ) N §
lower expression ‘ low 3 ‘ \\
PgRMC1 (\\ >
— &
"\ b //
N . ,‘ Ll o
N\ NAC =
*y  (Taxanes, Ptetc.) ol
/)
. J _  ———— RECIST
{ - P’ Grade 1
Al
N\
\1
7
: R ﬁ /
higher expression //
high PgRMC1

~————

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202406.0823.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0823.v1

Keywords: PgRMCI1 (progesterone receptor membrane component 1); breast cancer; chemoresistance; luminal
differentiation

1. Introduction

Systemic therapies, including chemotherapy and endocrine therapy, have significantly
improved the overall survival of patients with early-stage breast cancer [1,2]. Anthracycline-based
and taxane-based chemotherapy regimens are widely employed in adjuvant settings for early-stage
breast cancer. Additionally, patients with certain intrinsic subtypes exhibit high sensitivity to
neoadjuvant chemotherapy (NAC) [3]. NAC aims to downstage the disease, potentially enabling
breast-conserving surgery as an alternative to mastectomy. However, chemoresistance remains a
critical challenge in breast cancer recurrence and metastasis [3-5]. Identifying markers that predict a
patient's response to NAC can significantly improve patient outcomes [6].

Progesterone receptor membrane component 1 (PgRMC1) is a progesterone-binding protein,
initially purified from liver membrane fractions [7]. PgRMCI1 exhibits diverse subcellular
localizations, including the plasma membrane, endoplasmic reticulum, Golgi apparatus, and nucleus
[8,9]. Recent studies have highlighted elevated PgRMC1 expression in various cancer cells, including
ovarian, liver, lung, colon, and breast cancer cells [10-12]. Notably, PgRMC1 expression correlates
with cancer development, chemoresistance, and poor prognosis [9,13,14].

Functional investigations have revealed that PgRMC1 plays a role in cell proliferation,
independent of the classical progesterone receptor (PgR) pathway [15,16]. Furthermore, PgRMC1
interacts directly with P450 proteins, including CYP3A4, plasminogen activator inhibitor mRNA-
binding protein 1 (PAIR-BP1), and epidermal growth factor receptor (EGFR) [8]. Notably, PgRMC1
undergoes unique haem-dependent dimerization, further enhancing its binding to EGFR and
cytochrome P450, thereby promoting tumor cell proliferation and chemoresistance [17].

To clarify the biological function of PgRMCT1 in breast cancer, we examined PgRMC1 expression
in human breast cancer specimens and its association with response to NAC in operable breast cancer.
We also investigated the mechanisms underlying PgRMCl1-related chemoresistance in breast cancer
cell lines.

2. Materials and Methods

2.1. Materials

Endoribonuclease-prepared siRNAs (esiRNAs) for PgRMC1, and their negative controls were
purchased from Sigma (St. Louis, MO). Progesterone (P8783) was purchased from Merck (Sigma-
Aldrich®, St. Louis, MO). Rabbit antibodies against PgRMC1(D6M5M), phospho-p44/42 MAPK
(Erk1/2)(Thr202/Tyr204)(#9101), and phospho-Akt(Ser473)(D9E) were purchased from Cell Signaling
Technology (Beverly, MA). The CONFIRM anti-estrogen receptor (ER) (SP1) rabbit monoclonal
antibody (ultraView kit, no. 790-4324), anti-PgR (1E2) rabbit monoclonal antibody (ultraView kit,
n0.760-2223), and PATHWAY anti-HER-2/neu (4B5) rabbit monoclonal antibody (no.790-2991) were
purchased from Ventana (Roche Diagnostics, Indianapolis, IN). Monoclonal mouse anti-human Ki-
67 antibody (clone MIB-1) was obtained from Dako (Agilent Technologies Company, Santa Clara,
CA).

2.2. Patients and samples

Breast cancer surgical specimens were obtained from patients with invasive breast cancer who
were treated at Kyorin University Hospital between 2008 and 2011 (n=112, Table 1). Approximately
125mm?3 of cancer tissues were excised and frozen at -80°C, then used for gene expression analysis.
The rest of the tissues were fixed in 10% neutral buffered formalin for 48h and embedded in paraffin.
Core needle biopsy samples from patients treated with NAC at Kyorin University Hospital between
2014 and 2017 (n=27) were also used for association analyses with chemotherapy response. This study
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was approved by the institutional review board of Kyorin University School of Medicine (approval
no. 287 and no. 616 in Japanese).

2.3. Immunohistochemistry

Immunohistochemistry (IHC) was performed as previously described [18]. Briefly, 4um-thick
sections were prepared on silane-coated glass slides. Samples were incubated with appropriate
primary antibodies (PgRMC1, dilution 1:1000; Ki-67, 1:100). Immunoreactivity was visualized with
diaminobenzidine (DAB) using an Envision IHC kit from DAKO (Carpinteria, CA, USA), according
to the manufacturer’s instructions. PgRMC1 expression levels were evaluated according to the Allred
scoring system (total score [TS] 0-8 = proportion score [PS] 0-5 + intensity score [IS] 0-3). ER, PgR,
HER2, and Ki-67 IHC were evaluated following the ASCO/CAP guidelines [19] and tumors were
classified into surrogate intrinsic subtypes: luminal A (ER/PgR+, HER2-, low Ki-67), luminal B
(ER/PgR+, HER2+; or ER/PgR+, HER2-, high Ki-67), HER2 (ER/PgR-, HER2+), and triple-negative
(ER/PgR-, HER2-).

2.4. Real-time qPCR analyses

Total RNA was extracted from frozen tissue samples. Real-time qPCR was performed as
previously described [20]. In brief, total RNA was prepared from FFPE sections using the RNeasy
Plus Mini Kit from Qiagen, according to the manufacturer’s instructions. Reverse transcription was
carried out using the ReverTra Ace kit from TOYOBO (Osaka, Japan). RT-PCR was performed using
Fast SYBR® Green Master Mix from Applied Biosystems under the following conditions:
denaturation at 95°C for 30s, annealing at 60°C (PgRMC1 62.5°C) for 30sec, and extension at 72°C for
60s, repeated 40 cycles (primer sets used in the study are indicated in Table 2). Primer sequences are
givenin Table 1. The relative mRNA expression was determined by the 2-AACt method with GAPDH
mRNA for normalization.

2.5. Cell lines, cell culture, and transient transfection

We used six human breast cancer cell lines: luminal subtype cell lines (MCF7 and T47D), HER2
subtype cell line (SKBR3), and triple-negative cell lines (MDA-MB231, MDA-MB453, and MDA-MB-
468). All cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma-Aldrich®) with
10% fetal bovine serum (FBS) (Bio West, Nuaillé, France), supplemented with 50U/mL penicillin and
100ug/mL streptomycin (Sigma-Aldrich®) at 37°C and 5% CO2.

For transient transfection, 1 x 106 cells were seeded in each well of a 6-well plate the day before
transfection and transfected with 2.5ug PgRMC1 vector (ORIGENE, Rockville, MD) and empty
backbone vector using Lipofectamine 3000 (Thermo Fisher Scientific, Waltham, MA) according to the
manufacturer’s instructions. For PgRMC1 knockdown, 1 x 10¢ cells were transfected with 30pmol of
esiRNAs targeting PgRMC1 (Sigma-Aldrich®) or negative controls (Sigma-Aldrich®) using
Lipofectamine RNAIMAX (Thermo Fisher Scientific) according to the manufacturer’s instructions.

For cytotoxicity assays, cells with or without overexpression/knockdown of PgRMC1 were
seeded at 3x10° cells/well in 96-well plates. Cells were cultured in DMEM supplemented with
charcoal-treated FBS (10%) and InM E2+10nM progesterone, together with the indicated
concentrations of adriamycin, paclitaxel, and docetaxel for 48 hours. We added the CCK-8 (WST-8)
solution (Dojindo Molecular Technologies, Inc., Rockville, MD) to detect relative cell viability and
measured the absorbance at 450 nm using a microplate reader.

Table 1. Patient demographic data (n=112).

Age at diagnosis 32~94 (median 54)
Histological type
Invasive ductal carcinoma 107

Invasive lobular carcinoma
Apocrine carcinoma 1
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Mucinous carcinoma 1
Tumor size median 2.2cm (0.5~13.4cm)
Lymph node metastasis
Positive 66
Negative 34
WHO grade (Histological grade)
Grade 1 34
Grade 2 40
Grade 3 28
Clinical stage at Diagnosis
Stage I 40
Stage IIA 43
Stage IIB 17
Stage IIIA 2
Stage I1IB 3
Stage IV 3
Intrinsic subtype
Luminal A 76
Luminal B 13
HER2 6
Triple-negative 17

2.6. Immunoblot analysis

Immunoblot analyses were carried out as previously described [19]. Briefly, 20pg of protein was
subjected to normal SDS-PAGE with 8%-16% precast polyacrylamide gels (Bio-Rad, Hercules, CA)
and was transferred onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad). Membranes were
soaked with appropriate primary antibodies at 4°C overnight (PgRMC1, 1:1000; (3-actin, 1:5000; p-
ERK1/2, 1:1000; p-Akt, 1:2000). Immunogenic bands were visualized using an enhanced
chemiluminescence reagent (Super Signal Western Blot Enhancer; Thermo Scientific) and ChemiDoc
XRS+ System (Bio-Rad).

2.7. KM plotter analysis

The prognostic values of PgRMC1 in breast cancer were determined using the KM survival
plotter (www.kmplot.com), an online database containing gene expression profiles and clinical data
from public databases [21]. KM survival plots were used to compare the overall survival (OS) of the
low and high expression groups.

2.8. Statistical analysis

Continuous variables are expressed as means and standard deviations. Non-parametric tests
were used to compare between two or more groups. Statistical analyses were performed using J]MP®
13 (SAS Institute Inc., Cary, NC, USA). P < 0.05 was considered statistically significant.

2.9. lllustrations

The graphical abstract and Figure 8 were created with BioRender.com.
3. Results

3.1. PgRMC1 is expressed in breast cancer cells

PgRMC1 expression was examined by immunohistochemistry (IHC) in normal human breast
tissue and breast cancer specimens (Figure 1A). The expression of PeRMC1 was confirmed in breast
cancer tissues, while almost no PgRMC1 was detected in normal breast tissue under the conditions.

do0i:10.20944/preprints202406.0823.v1
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PgRMC1 is diffusely located in the cytoplasm of breast cancer cells and focally detected on the plasma
membrane and perinuclear region.

Next, we performed immunoblot analyses of PgRMCT1 in several breast cancer cell lines (Figure
1B). We detected higher PgRMC1 expression in SKBR3 cells (HER2 subtype) and MDA-MB231
(triple-negative subtype) than those in other cell lines (Figure 1B).
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Figure 1. PgRMC1 expression in breast cancer cells. (A) Representative pictures of H.&E. stained
sections (upper panels) and PgRMCI1-IHC stained sections (lower panels). PGRMCI1 protein
expression was assessed in both normal breast tissues and breast cancer tissues from patients. (B)
Immunoblot analyses of breast cancer cell lines. Cell lysates from MDA-MB231 (231), MDA-MB453
(453), MDA-MB468 (368), MCF7, T47D, and SKBR3 were subjected to the analysis. Immunoreactive
bands for beta-actin (42 kDa) and PgRMC1 (21.7 kDa) are indicated.

3.2. Expression levels of PeRMC1 in core needle biopsy specimens correlated with responses to neoadjuvant
chemotherapy

The mRNA expression levels of ER, PgR, HER2, AR, and PgRMC1 were determined by real-time
qPCR from frozen breast cancer tissue samples obtained from 112 patients (Figure 2A). PgRMCl1
mRNA expression levels were higher in luminal and HER2 subtypes (Kruskal-Wallis; p =0.0054).
PgRMC1 mRNA expression levels were significantly correlated with AR expression levels
(Spearman’s rank correlation g, p<0.0001) (Figure 2B).

Next, we examined whether PgRMC1 expression levels in core needle biopsy (CNB) specimens
correlated with pathological therapeutic response to NAC (Figure 3). We collected 27 invasive breast
cancer patients treated with anthracycline or anthracycline plus taxane regimens for NAC, whose
surgical specimens excised after NAC were pathologically evaluated according to the RECIST 1.1
(Response Evaluation Criteria in Solid Tumors) guidelines [22]. PgRMC1 expression levels were not
significantly different among intrinsic subtypes, although PgRMC1 showed tendency toward
increase in lumina B (lumina-HER2), HER2, and triple-negative subtypes (Figure 3B). PgRMC1
expression levels were slightly higher in samples of lower WHO histological grades (Figure 3C).
Patients with poor pathological therapeutic responses to NAC (grade 1) showed significantly higher
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PgRMC1 expression levels than those with better pathological responses (garade2] 3) (Kruskal-
Wallis; p =0.0174) (Figure 3D).
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Figure 2. PeRMC1 mRNA expression levels in frozen breast cancer patient samples (n=112). (A)
Relative expression levels of PgRMC1 mRNA (mean+SEM) were measured by real-time qPCR
analyses from frozen cancer specimens. (B) Scattered plot analysis of AR and PgRMC1 mRNA levels.

3.3. PgRMC1 augments resistance to chemotherapeutic drugs in breast cancer cell lines

We first examined the effects of forced ectopic overexpression and knockdown of PgRMC1 by
lipid-mediated transient transfection in breast cancer cell lines. As shown in Figure 4, the PgRMC1
vector, and esiRNAs for PgRMC1 were successfully introduced into the cell lines. PgRMC1
overexpression induced ERK1/2 phosphorylation in MCF7 and MDA-MB468 cells (Figure 4A), while
PgRMC1 knockdown mildly reduced ERK1/2 phosphorylation in MDA-MB468 and SKBR3 cells
(Figure 4B).

3.4. PgRMC1 affects epithelial-mesenchymal transition and luminal differentiation in breast cancer cell lines.

To explore whether PgRMC1 expression in breast cancer cells affects their sensitivity to
chemotherapeutic drugs in vitro, we examined the effect of doxorubicin, paclitaxel, and docetaxel in
cell lines transiently overexpressing PgRMC1 under E2 and progesterone supplemented conditions.
Cell viability was measured by CCK-8 (WST-8) assays (Figure 5A-D). PgRMC1 overexpression
resulted in reduced sensitivity to chemotherapeutic drugs in MCF7 and MDA-MB468 cells.

We further examined the effects of forced PgRMC1 expression on the gene expression profiles
of MCF7 cells, focusing on mammary epithelial differentiation by real-time qPCR analyses (Figure
6). PeRMC led to upregulation of genes such as CDH1, AR, KRT19, and MFGES, and mild decrease
in genes such as GATA3 and FOXAl, suggesting that PgRMC1 might suppress epithelial-
mesenchymal transition (EMT) and promote mammary luminal epithelial differentiation.
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Figure 3. Expression levels of PgRMCI in breast cancer patients by immunohistochemistry. (A)
Representative images of PgRMC1 immunohistochemical (IHC) staining by intensity scores (0-3).
PgRMCI1 IHC staining was performed in the core needle biopsy specimens of patients with breast
cancer who received neoadjuvant chemotherapy. PgRMC1 expression levels as indicated in the total
score (TS) of Allred score assessed by IHC staining are summarized in the box plots based on intrinsic
subtypes (B), WHO histological grades (C), and the pathological therapeutic response grades (RECIST
[response evaluation criteria in solid tumors]) (D). *p<0.05.

MCF7 MDA468
A B MDA468 SKBR3
PgRMC1 + - + -
’ esiPgRMC1  + - +
) P L) ™ BN =
AP “ Actinp-
-9
PGRMC1 » -_
PAKLT B> - — PAKET B s e S
PERKI/2 B W w e o PERK1/2 b ' - -

Figure 4. PgRMCI1 protein was successfully overexpressed (A) or knocked down by ectopic
transfection of esiRNA in breast cancer cell lines (B). PgRMC1 expression was correlated with
phosphorylated ERK1/2 (pERK1/2).

3.5. PgRMC1 expression levels are correlated with overall survival of breast cancer patients

To examine whether PgRMC1 expression levels are correlated with the survival of breast cancer
patients, we utilized the public online gene expression database named “Kaplan—-Meier plotter
(http://kmplot.com/analysis/)” [22]. Kaplan-Meier curves revealed a significant prolongation of
survival of breast cancer patients with lower PeRMC1 expression in all subtypes, luminal A subtypes,
and HER2 subtypes (Figure 7A, B, and D). There was also a tendency towards prolonged survival in
breast cancer patients with lower PgRMC1 expression such as luminal B and HER?2 subtypes (Figure
7C and D).


https://doi.org/10.20944/preprints202406.0823.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0823.v1

MCF7 OE paclitaxel B MCF7 OE docetaxel

>

-
N
o
-
¥
o

. \} a==control e=control
—PgRMC1 40 —PgRMC1

~
o

Cell viability (%)
g 8 8
(o2} o] 3
o o o

N
o
N
(=]

C 468 OE paclitaxel D 468 OE docetaxel
120 120
g 100 k 100 ‘\
2 8 \ 80 \
g 60 60
S b’_—{:lﬁi e==control w\__l_ «=control
(?3 40 ¥ : ==PgRMC1 40 S ==PgRMC1
20 20
0 . : . . , 0 .
& P oo KO F P P S

X X
© > ©

Figure 5. PgRMCI1 regulates cellular responses to chemotherapeutic drugs in breast cancer cell lines.
Cell viability assays of breast cancer cell lines overexpressing PgRMC1 together with/without
chemotherapeutic drugs (paclitaxel, and docetaxel) at the indicated concentrations (nM) for 48 h.

Table 2. Primer sets used in the study.

Gene Primer sequence
forward reverse

PgRMC1 (NM_006667.5) GGGCCTTGCCACATTTTGCC TACACAGTGGGCTCCTCCCC
ER (ESR1, NM_000125.3) TCACAGTCGTCGGTTCCACA CGGCAACTCTGGATCCCCTG
PR (PGR, NM_000926.4) ACATGGTAGCTGTGGGAAGG GCTAAGCCAGCAAGAAATGG
HER2 (ERBB2, NM_004448.3) GCTCATCGCTCACAACCAAGT ACAGGGGTGGTATTGTTCAGC
E-cadherin (CDH1, NM_004360.5) AAAGGCCCATTTCCTAAAAACCT TGCGTTCTCTATCCAGAGGCT

GAPDH (NM_002046.7) ATGGGGAAGGTGAAGGTCG GGGGTCATTGATGGCAACAATA

GATA3 (NM_001002295.2) GCCCCTCATTAAGCCCAAG TTGTGGTGGTCTGACAGTTCG

AR (NM_000044.6) ACCTGTGCGCCAGCAGAAAT TGGTGCTGGAAGCCTCTCCT
FOXA1 (NM_004496.4) GCAATACTCGCCTTACGGCT TACACACCTTGGTAGTACGCC
MUC1 (NM_002456.5) AGACGTCAGCGTGAGTGATG GACAGCCAAGGCAATGAGAT
KRT19 (NM_002276.5) AACGGCGAGCTAGAGGTGA GGATGGTCGTGTAGTAGTGGC

MFGES (NM_005928.4) GATGACTGCGATCCAGAGGA CACATTTCGTCTCACAGTGGTT
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Figure 6. Gene expression profiles in MCF?7 cells with/without PgRMC1 overexpression by real-time
qPCR analyses. (*p<0.05).
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Figure 7. Kaplan—-Meier curves for the overall survival of breast cancer patients by intrinsic subtypes
(A, all patients; B, luminal A subtype; C, luminal B subtype; D, HER2 subtype; E, basal-like subtype).
(Kaplan—Meier plotter, http://kmplot.com/analysis/).

4. Discussion

We herein demonstrated that PgRMC1 expression levels are high in breast cancer tissues, which
might be related to chemoresistance in vivo, and that cancer cells with PgRMC1 overexpression can
withstand treatment with chemotherapeutic drugs in vitro. Progestogens, as well as estrogens,
increase the risk of breast cancer. This risk might not only be dependent on the classical genomic
mechanism of PgR but also involve non-classical progesterone-binding molecules such as PgRMC1
(Figure 8).

In this study, PgRMC1 was observed in the cytoplasm and focally detected on the plasma
membrane and perinuclear region of breast cancer specimens. In consistence, several studies have
reported that PgRMC1 is more highly expressed in breast cancer cells than in benign or normal breast
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tissue [12,23-26]. PgRMC1 is generally expressed in reproductive organs such as the ovary and
placenta. The reason for its increased expression in breast cancer cells is not yet known. It is also
possible that individuals with elevated PgRMC1 expression, potentially due to underlying sex
hormone dysfunction, are at increased risk of developing breast cancer. We observed that PgRMC1
expression is not fully dependent on certain intrinsic breast cancer subtypes. The regulation of
PgRMC1 expression remains a challenge.

PgRMCT1 expression levels in the CNB specimens were significantly related to drug sensitivity
in patients receiving NAC regimens, including anthracyclines and taxanes. Consistent with the
clinical data, PgRMC1 overexpression induced chemoresistance in breast cancer cell lines, while
knockdown of PgRMC1 with esiRNA recovered the sensitivity of cancer cells to anthracycline and
paclitaxel. Several mechanisms have been suggested, including the hypotheses that PgRMC1 induces
cancer cell proliferation [12,27,28], protects cancer cells from anticancer drugs [25,29], and promotes
the survival of cancer stem cells [30]. PgRMC1, a heme-binding protein, interacts with P450 enzymes
to facilitate sterol synthesis. This process might contribute to a protective effect against DNA damage
caused by chemotherapeutic drugs [31].

To delineate the mechanisms underlying PgRMC1-induced chemoresistance, we performed
immunoblot analyses and real-time qPCR analyses focusing on EMT and differentiation markers
[17,23,25,29]. We observed phosphorylation of ERK1/2 following PgRMC1 overexpression, while Akt
phosphorylation was not significantly altered. PgRMC1 may induced ERK1/2 phosphorylation
through interaction with membrane progesterone receptors (mPRs) and/or EGFR [32,33] (Figure 8).
In qPCR analyses, PgRMC1 induced the expression of some differentiation markers, such as CDH1,
KRT19, and MFGES, thus implying that PgRMC1 expression suppressed EMT and induced luminal
epithelial differentiation in wvitro. This observation is consistent with previous reports that the
pathological complete response (pCR) rate is very low in the well-differentiated luminal A subtype
[34,35]. In addition, PgRMC1 induced the expression of AR in breast cancer cells. AR has been
reported to be strongly associated with ER positivity and poor pathological response to NAC [36].

To test our hypothesis that PgRMC1 expression is associated with poor outcomes in breast
cancer patients, we analyzed data from the Kaplan-Meier Plotter, an online public database platform.
Clinical data from this platform confirmed a correlation between higher PgRMC1 expression and
poorer patient outcomes. Interestingly, the association between higher PgRMC1 expression and
worse prognosis was particularly strong in intrinsic subtypes with inherently low PgR expression,
such as luminal B and HER2-subtypes. This observation was further supported by data from another
online public database platform, GEPIA (http://gepia.cancer-pku.cn/) [26].

There are several limitations in this study. Only a limited number of clinical cases were analyzed,
especially for NAC resistance. Clinical studies with more cases are needed to confirm the results of
this study. As to in vitro experiments, we only used breast cancer cell lines under conventional culture
conditions, and further analyses using spheroid culture, primary culture, or organoid culture of
human breast cancer cells are needed.
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Figure 8. Classical and non-classical (alternative) progesterone signaling pathways are depicted.

5. Conclusions

In summary, our study showed that PgRMC1 expression is higher in breast cancer tissue and
that PgRMC1 expression in CNB samples might predict resistance to NAC and that the expression of
PgRMC1 confers chemotherapy resistance to breast cancer cells, partly due to PgRMC1-mediated
EMT suppression and luminal differentiation. These results suggest that PgRMC1 is a putative
biomarker for adjuvant chemotherapy sensitivity.
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