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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Breast cancer is the most prevalent cancer
among women in the world and is one of the causes of mortality
due to cancer. Estrogen receptor alpha (ERa) and progesterone
receptor (PGR), as well as tumor suppressor protein TP53, are
the hormone receptors that are of critical importance in tumor
progression and response to treatment. There is emerging
evidence that miRNAs (miR-372, miR-373 and miR-519d)
have a role to play in breast cancer pathogenesis by post-
transcriptionally regulating genes. Nevertheless, the joint
analysis of these protein markers and miRNAs is not studied
thoroughly.

Objective: To evaluate serum levels of ERa, TP53, and
PGR proteins and assess the expression of miR-372, miR-
373, and miR-519d in breast cancer patients compared
with healthy controls, and to determine their diagnostic and
clinicopathological significance.

Methods: This case—control study included 53 female
breast cancer patients and 25 healthy controls. Serum protein
concentrations of ERa, TP53, and PGR were measured using
sandwich ELISA. Total RNA was extracted from peripheral
blood leukocytes, and miRNA expression was quantified using
RT-gqPCR with the 2*—~AACT method. Statistical analyses were
performed using SPSS, including independent t-tests, ANOVA,
Pearson correlation, and ROC curve analysis. Statistical
significance was set at p < 0.05.

Results: ERo and TP53 levels in serum were extremely
high in patients with breast cancer as compared to controls
(p < 0.001). There was a significant difference in PGR levels
between the stage III and IV disease (p = 0.01). Invasion ductal
carcinoma (IDC) had significantly higher ERa levels than
lobular carcinoma (p = 0.03), whereas lobular carcinoma had
significantly higher TP53 levels (p = 0.05). The miR-372, miR-
373 and miR-519d levels of expression were found significantly
lower in the patients than in the controls (p <0.001). ROC curve
analysis indicated that ERa (AUC = 0.99), TP53 (AUC = 1.0)
and PGR (AUC = 0.98) had excellent diagnostic results, whereas
miRNAs under study had inverse discriminatory performance.
There was strong positive association between ERa, TP53 and
PGR (p =0.001) as well as there was strong positive association
between the miRNAs being studied (p = 0.001). Interestingly,
there were significant negative relationships between the level
of proteins and the level of miRNA (p = 0.001).

Conclusion: High levels of serum ERa, TP53 and PGR have
a close correlation with the presence of breast cancer and its
subtype variation and have high diagnostic specificity. The down
regulation of miR-372, miR-373 and miR-519d may indicate a
possible tumor-suppressive effect and regulatory interplay with
hormone and tumor suppressor pathways. These results show
that protein and miRNA biomarkers are both useful in relation to
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breast cancer diagnosis, and possibly in determining individual
therapeutic approaches.

Key words. Breast cancer, miR-373, miR-519d, Biomarkers,
RT-gqPCR, ROC analysis.

Introduction.

Breast cancer encompassing various subtypes forms the
most current common cancer in females, invoking a consistent
effort to identify genetic and epigenetic markers associated
with prognosis and therapeutic responses [1]. The regulatory
networks underlying breast carcinogenesis are complex, and
proteins involved as key players must be thoroughly studied in
conjunction with other markers in a context-sensitive manner
[2]. The dysregulated expression of the estrogen receptor alpha
(ERa), tumor-suppressor protein p53 (TP53), progesterone
receptor (PGR), and molecules such as Interleukin-6 (IL=6),
Interleukin-8 (IL=8) and miR-372, miR-373 and miR-519d
has been analyzed across breast cancer molecular subtypes and
specific tumor groups [3].

The roles of ERa, TP53 and PGR, major hormones, cytokines
and miRNAs have been investigated, and the possible regulatory
axes between them and the corresponding modifications affecting
clinical outcome have been considered in a broad perspective
[4]. The changes are related to biological processes such as
proliferation, differentiation and invasion, and associated with
tumor histolabelling, tumor stage and disease-free survival in
male breast cancer [5]. A comprehensive and detailed analysis of
the interplay between ERa, TP53, PGR and the aforementioned
miRNAs, including a mapping of the functional connections
and the proposed dysregulation mechanisms, is provided to
facilitate the understanding of the contribution to breast tumor
progression of mis regulated, interacting players [6].

The ERa signaling pathway is a key driver in ~70% of breast
cancers [7]. Through intracellular signaling mechanisms, the
product of the ESR1 gene regulates not only the proliferation
and differentiation of epithelial cells but also the functions
of other proteins, such as TP53 and PGR. TP53 is one of the
most studied tumor suppressor genes due to its decisive role in
maintaining genomic stability and preventing tumor growth. In
~30% of breast tumors, TP53 function is altered by mutations
and misexpression, which changes the hormonal response of
breast cancer cells [8]. The function of PGR, the main mediator
of progesterone action, normally supports the anti-proliferative
effects of oestrogens in hormone-responsive breast tumors.
Breast cancers expressing ERa and PR frequently have wild-
type TP53 and a diploid genomic status. In contrast, the absence
of either ERa or PR is associated with TP53 alterations and
aneuploidy, while negative expression of both proteins is often
coupled with overexpression of miR-372, miR-373, and miR-
519d and with pretumourigenic features [9].
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ERa, TP53, and PGR belong to different functional hubs, and
the pathways controlled by each of these proteins move away
from one another during neoplastic evolution. The evidence
indicates that the expression levels of these three proteins are
regulated by a concerted action of miR-372, miR-373, and
miR-519d. In hormone-responsive tumors, which more directly
embody classical ERa-driven biology, the direct action of these
miRNAs is counterbalanced by the joint regulatory action
of ERa, TP53, and PGR, leading to feedback loops. These
principles have implications not only for understanding breast-
cancer biology and evolution but also for identifying the main
mechanisms responsible for ERa, TP53, PGR, and miR-372,
miR-373, and miR-519d misexpression in female breast cancer.
The breaking of these regulatory axes may therefore be valuable
as a predictive marker of tumour phenotype and progression
[10].

Three specific miRNAs, miR-372, miR-373, and miR-519d,
are frequently misexpressed in breast cancer. Overexpression
studies validate direct repression of TP53 and PGR by miR-372
and miR-373, respectively, while miR-519d promotes miR-372
expression. Notably, these miRNAs adopt an oncogenic role
in the tumor context, with burgeoning evidence implicating
miR-372 and miR-373 as inducers of epithelial-mesenchymal
transition in breast cancer [11,12]. In addition to their individual
contributions, the combined action of TP53, miR-372, miR-373,
and miR-519d has been shown to trigger a senescence program
in breast cancer cells. miR-372 and miR-519d have also recently
been identified as modulators of aberrant glycosylation in breast
cancer cells [13].

Despite their importance in breast cancer, only a handful
of published studies have thus far reported their status or
function. The data produced in an extensive body of work
support a context-specific role for miR-372 and miR-373, while
differential re-expression of mir-372/373/519d signifies the
involvement of a broader regulatory circuit, possibly associated
with microenvironment changes and tumor progression [14].
The direct regulation of ERa and PGR by a battery of miRNAs
has further strengthened the premise that altered expression of
hormonal receptors and their strategic regulators hijacks steroid
hormone signaling, contributing to the acquisition of aggressive
traits by breast tumors. Such observations have prompted the
exploration of complementary regulatory relationships, with the
current focus centering on miRNA-mediated control of TP53
and downstream pathways in hormone-responsive breast cancer
[15]. The interaction among these markers may provide a more
cohesive comprehension of tumor biology and facilitate the
formulation of personalized treatment plans.

Aim. This study aimed to assess the serum levels of ERa,
PGR, and TP53 proteins, as well as gene expression of miR-
372, miR-373, and miR-519d in the blood of breast cancer
patients in comparison to healthy controls, utilizing ELISA
and RT-qPCR, respectively. This investigation aims to identify
potential associations and assess the predictive relevance of
these indicators in breast cancer progression, diagnostic and
treatment response.

Materials and Methods.

Study Design and Sample Collection: This research was

172

executed in the postgraduate laboratory at the Department of
Biology, College of Science, and in the Molecular Laboratory
of the College of Biotechnology, University of Al-Qadisiyah,
Iraq. Peripheral blood samples were obtained from 53 patients
(Treated) at the Oncology Center in Al-Karama Teaching
Hospital, Al-Zahra Teaching Hospital, and external laboratories
located in Wasit province, and 25 healthy individuals were
collected as a control group. The stage, grade, and type of
breast cancer were determined by clinical pathologists based
on standard diagnostic criteria and classifications established
by renowned cancer organizations. Each patient provided blood
samples, from which serum was separated by centrifugation
for subsequent analysis. Ethical approval was obtained before
sample collection.

Ethics approval and consent to participate:

The Helsinki Declaration was followed in this study. The
University of Wasit Ethics Committee/College of Science
Health Directorate approved (Date, July 23, 2025, No.
UW.Sci.2025.0723). All study participants gave informed
consent.

Inclusion Criteria:

Participants were aged between 18 and 65 years. Patients
diagnosed with invasive breast carcinoma, categorized into
specific grades (I, 11, IIT), stages (I, 11, I1I, IV), and types (IDC,
Lobular, Mixed). Participants may or may not be undergoing
chemotherapy, hormonal therapy, or radiation therapy, as
the study aims to explore their relationship with marker
concentrations. All participants provide informed consent for
participation in the study.

Exclusion Criteria:

Participants who are pregnant or breastfeeding. Participants
with severe comorbid conditions that might interfere with the
study (e.g., autoimmune diseases, severe cardiovascular issues).
Patients with conditions unrelated to breast cancer and other
cancers.

Enzyme-linked immunosorbent assay (ELISA):

Era, PGR, and TP53 protein levels in serum samples were
measured using a commercial double-antibody sandwich
ELISA kit (Elabscience®, China); the category numbers are
(E-EL-H6083, EH1449, and E-EL-H0910), respectively. Target
antigens are sequentially bound by particular antibodies in
this method. The target antigen from the sample is bound by
an ELISA plate-immobilized capture antibody. A secondary
detection antibody linked to an enzyme (e.g., horseradish
peroxidase) binds to the captured antigen-antibody complex. The
enzyme subsequently combines with a chromogenic substrate
to produce a colorimetric product whose optical density (OD)
is proportional to the sample's target antigen concentration.
Ero, PGR, and TP53 levels were quantified by comparing
sample OD values to a standard curve produced using known
antigen concentrations from the ELISA kit. Assay accuracy
and consistency were achieved by following the manufacturer's
standards, sample, and reagent preparation directions [16].

RNA Extraction:
Peripheral blood specimens were obtained from all individuals



Table 1. Primers of gene expression experiment.

miRNA Type Primer name 5'-3' ACCN Reference
hsa-miRNA-372 Target i éiigigg?g?gégﬁif gT C MIMAT0000724 Origene
hsa-miRNA 373 Target ; éiiziggggf GG CC CT;:_E CCT C MIMAT0000725 Origene
omRNASI0 Targ F AGTGCCTCCCTITAGAG i ioomossy  oigene
hsa-miRNA-16 HKG F AGCAGCACGTAAATATTGG MIMAT0000069 Origene

HKG: housekeeping gene.

Table 2. Comparison of Biomarker Concentrations and Gene
Expression Levels between Breast Cancer Patients and Healthy
Controls.

ELISA Groups Concentration (Mean£S.D.) P value
Control 244.67+74.23
skksk
ERa BC Patients | 1417.77+281.71 <0.001
Control 294.81+64.91
< skksk
TPS3 BC Patients 2296.85+446.80 0.001
Control 3.22+0.87
< skskok
PGR BC Patients 8.35+3.08 0.001
Gene . Groups Fold Expression P value
expression
Control 747.67+£237.48
iR-372 . sk
miR-372 B patients 422.69+334.24 <0.001
Control 80.75+25.65
R- skksk
miR-373 B¢ patients 45.65:36.10 <0.001
+
miR-519d Control 933.57+280.61 20,001 #**

BC Patients 517.29+409.05

using standard venipuncture techniques. Whole blood was
processed immediately after collection. White blood cells were
isolated by centrifugation at 3000 rpm for 10 minutes after red
blood cells were destroyed. Total RNA, including miRNA, was
extracted from the white blood cells using the HiPure Universal
miRNA Kit (Magen, China), following the manufacturer's
protocol. The homogenized white blood cells were lysed with
MagZol Reagent, and phase separation was performed by
adding chloroform. The upper aqueous phase, containing RNA,
was purified using HiPure RNA Mini Columns, followed by
washing with Buffer RWC and Buffer RW2, and finally eluted
with RNase-Free Water. The extracted microRNA was stored at
—20°C until use in gene expression analysis and cDNA synthesis.

Primer Design:

Primers for the quantification of target miRNAs (miR-
372, miR-373, and miR-519d) and the housekeeping gene
(miR-16) were synthesized by Macrogen, Korea, based
on mature miRNA sequences from miRBase as shown in
Table 1. All reverse primers shared a common sequence
(5'-GAACATGTCTGCGTATCTC-3"), while the forward
primers were miRNA-specific.

qPCR Gene Expression Analysis (Two-Step Method):

Gene expression analysis was carried out using the GoTaq®
RT-qPCR System (Promega, USA) following a two-step reverse
transcription and PCR amplification procedure.

In the first step, complementary DNA (cDNA) was
synthesized from total RNA (2 pg) using a miRNA-specific
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reverse transcription approach. For accurate detection of mature
miRNAs, apoly(A) tailing strategy was employed prior to cDNA
synthesis. Briefly, total RNA was subjected to polyadenylation
followed by reverse transcription using oligo(dT)-adapter
primers provided in the kit.

The reverse transcription reaction was performed using the
AddScript cDNA Synthesis Kit (Addbio, Korea) according to
the modified protocol for small RNA detection. The reaction
mixture (20 pulL) contained 10 puL of 2% Reaction Buffer, 2 puL
of 10 mM dNTP Mix, 2 pL of oligo(dT)-adapter primer, 1 puL
of Script enzyme solution, and RNA template. The reaction
conditions were as follows: 25°C for 10 min, 50°C for 60 min,
and 80°C for 5 min.

In the second step, the GoTaq® RT-qPCR System (Promega,
USA) was used for the amplification of the cDNA. The PCR
reaction mixture was prepared by combining 5 pL of qPCR
Master Mix, 0.5 pL of Forward primer, 0.5 uL of Reverse primer,
0.25 pL of MgClz, 0.25 pL of RT mix, 2.5 uL of Nuclease-Free
Water, and 1 uL of cDNA template, bringing the final reaction
volume to 10 pL. For each reaction, 1 uL of the cDNA template
was mixed with 9 uL of the master mix and added to a PCR
tube.

The qPCR amplification was executed by using the adherence
to the cycling protocol: initial denaturation for 5 minutes at
95°C, denaturation for 20 seconds at 95°C by 40 cycles of
amplification with annealing for 20 seconds at 60° - 65°C for all
microRNA, and Extension for 20 seconds at 72°C. A Melting
curve analysis was performed at the end of the amplification
process, consisting of three cycles from 72°C to 95°C, to
confirm the specificity of the amplicons.

Gene expression was quantified using the Livak (2*—AACT)
method. ACT values were calculated by subtracting the CT of the
housekeeping gene from the CT of the target gene. AACT was
then obtained by comparing ACT values between experimental
and control groups. The relative fold change in expression was
determined as 2"—AACT.

Statistical analysis:

Analysis of data was done in SPSS. The group differences
were evaluated using independent t-test, ANOVA (Duncan
test). Pearson test was used to evaluate correlations, Receiver
Operating Characteristic (ROC) analysis was done to obtain
cutoff values and diagnostic performance. Graphpad Prism was
used to prepare the graphs. There are results presented in mean
+ SD with the significance level of p 0.05.

Results.

The mean levels of serum concentration of ERa, TP53, and
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Figure 1. Differential Expression of Biomarkers and miRNAs in Breast
Cancer Patients Compared to Healthy Controls.

Table 3. Comparison of Biomarker Concentrations and Gene
Expression Levels between Breast Cancer Patients and Healthy
Controls across cancer grades.

ELISA Grade Groups (Cl\zz;iig.zgf; n P value
I 1439.09+157.96

ERa 11 1474.454299.95 0.08 NS
III 1303.67+247.6
I 2274.55+142.14

TP53 I 2267.724356.43 0.76 NS
III 2358.88+635.7
I 8.99+2.42

PGR 1I 8.34+3.12 0.85 NS
III 8.174+3.28

Gene expression Grade Groups Fold Expression P value
1 406.74+331.96

miR-372 1I 440.70+346.49 0.87 NS
II1 393.25+325.58
I 43.93+35.85

miR-373 11 47.59+37.42 0.9NS
11 42.47+35.16
I 497.77+406.25

miR-519d II 539.33+424.04 0.8 NS
11 481.26+398.44

PGR proteins and gene expression of miR-372, miR-373, and
miR-519d in breast cancer patients and control groups are
presented in Table 2. The study revealed a noteworthy increase
in the mean concentration + standard deviation (S.D.) (pg/mL) of
ERa and TP53 in patients (1417.77+281.71 & 2296.85+446.80,
respectively) compared to the control (244.67+74.23 &
294.81+64.91), with a significant difference at (P<0.001) as
shown in Figure 1 (A and B). Similarly, PGR (ng/mL) levels
were significantly elevated in patients (8.35+£3.08) compared
to controls (3.22+0.87) at (P<0.001) as shown in Figure 1 (C).
In qPCR findings, the miR-372, miR-373 and miR-519d gene
expression level (fold change) indicated a notable dysregulation
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Table 4. Comparison of Biomarker Concentrations and Gene
Expression Levels between Breast Cancer Patients and Healthy
Controls across cancer stages.

Concentration

ELISA Stage Groups (MeanS.D.) P value
I 1456.78+184.52
I 1392.93+188.69
ERo 111 1416.54+264.11 0-9NS
v 1412.63£495.60
I 2273.46+£252.06
I 2240.92+345.28
TPS3 I 2262.684+226.30 0-5NS
v 2482.36+911.83
1 8.05+3.07 ab
I 8.33+3.45 ab
%k
PGR 111 7.61£2.61 a 0.01
v 10.27£2.99 b
Gene expression | Stage Groups Fold Expression P value
I 490.79+299.32
. 11 349.64+305.19
miR-372 11 480.05:403.24 OB NS
v 335.16+241.81
| 53.0+32.33
. I 37.76+£32.96
miR-373 1 51.84+43.55 0ANS
v 36.20+26.11
I 600.63+£366.31
. I 427.89+373.49
miR-519d 1| 587.48:493.48 NS
v 410.174295.92

NS: Non-Significant. Different letters indicate a significant difference
between the groups. Similar letters indicate non-significant differences.

in the patients group (422.694+334.24, 45.65+36.10 and
517.29+409.05 respectively) as opposed to the control group
(747.67£237.48, 80.75+25.65 and 933.57+280.61 respectively)
with a significant difference at (P<0.001) as showed in Figure
1 (D, E and F).

As shown in Table 3, the analysis of ERa, TP53, and PGR
protein concentrations across different tumor grades revealed
no significant differences with p value (0.08, 0.76, and 0.85,
respectively). Similarly, the gene expression of miR-372, miR-
373, and miR-519d across different tumor grades revealed
no significant differences with p value (0.87, 0.9, and 0.8,
respectively).

As shown in Table 4, the analysis of biomarker concentrations
and gene expression levels across different stages of breast
cancer revealed some significant findings. For ERa and TP53,
no significant differences were observed across stages I to IV,
with p-values of 0.9 and 0.5, respectively. However, PGR levels
varied significantly, with stage 11l showing lower concentrations
(7.61+£2.61) compared to stage IV (10.27 £ 2.99) (p = 0.01).
Regarding gene expression, miR-372, miR-373, and miR-519d
showed no significant differences across stages I to IV, with
p-values 0of 0.43, 0.4, and 0.44, respectively.

As shown in Table 5, the analysis of protein concentrations and
gene expression across different breast cancer types revealed
several significant findings. For ERa, Invasive Ductal Carcinoma



(IDC) showed a significantly higher concentration (1454.51 +
258.95) compared to Lobular carcinoma (1154.11 + 445.26)
with a p-value of 0.03, indicating a statistically significant
difference between IDC and Lobular types. Regarding TP53,
Lobular carcinoma had significantly higher levels (2711.64
+ 1229.56) compared to IDC (2261.66 + 271.49) and Mixed
carcinoma (2172.04 + 47.93), with a p-value of 0.05. In contrast,
PGR concentrations did not show significant differences across
the BC types.

Gene expression analysis showed no significant differences for
miR-372, miR-373, and miR-519d among the BC types, with
p-values 0f 0.95, 0.94, and 0.9, respectively.

Using ROC analysis, the diagnostic performance of ERa,
TP53, PGR, miR-372, miR-373, and miR-519d was evaluated
in breast cancer patients and healthy controls, as shown in
Table 6 and Figure 2. ERa, TP53, and PGR showed excellent
discrimination, with AUC wvalues of 0.99, 0.99, and 0.98,
respectively, and cut-off values of 761.98, 962.73, and 4.41, all
with highly significant p values (<0.001).

Table 5. Comparison of Biomarker Concentrations and Gene
Expression Levels between Breast Cancer Patients and Healthy
Controls across breast cancer type.

ELISA BC Type (Cl\j’[gzi'igzg';’“ P value
IDC 1454.51£258.95 b

ERa Lobular 1154.11+445.26 a 0.03*
Mixed 1344.73£39 ab
IDC 2261.66+271.49 a

TP53 Lobular 2711.64+1229.56 b  0.05*
Mixed 2172.04+47.93 a
IDC 8.22+3.04

PGR Lobular 10.05+£3.79 0.3 NS
Mixed 7.66+2.44

Gene expression BC Type Fold Expression P value
IDC 423.994+326.48

miR-372 Lobular 446.41+441.77 0.95 NS
Mixed 380.48+356.23
IDC 45.79+£35.26

miR-373 Lobular 48.21+47.71 0.94 NS
Mixed 41.09+38.47
IDC 518.87+399.54

miR-519d Lobular 546.31+540.63 0.9 NS
Mixed 465.63+435.95

NS: Non-Significant. Different letters indicate a significant difference
between the groups. Similar letters indicate non-significant differences.

For miR-372, miR-373, and miR-519d, the AUC values were
0.22, 0.20, and 0.21, respectively. Since these miRNAs were
significantly downregulated in breast cancer patients, AUC
values below 0.5 indicate inverse discrimination rather than
absence of diagnostic value. Lower expression levels were
associated with breast cancer, corresponding approximately
to reversed AUC values of 0.78, 0.80, and 0.79. Thus, these
miRNAs may still have diagnostic relevance as inverse
predictors, although their performance requires validation in
larger cohorts.

The correlation analysis presented in Table 7 revealed several
significant associations between protein markers and miRNAs
in breast cancer. ERa showed a strong positive correlation with
TP53 (0.81, p = 0.001) and a moderate positive correlation
with PGR (0.59, p = 0.001). Similarly, TP53 and PGR were
moderately correlated (0.60, p = 0.001). Among the miRNAs,
miR-372 was perfectly correlated with miR-373 (1.0, p =0.001)
and strongly correlated with miR-519d (0.9, p = 0.001). miR-
373 and miR-519d also showed a strong positive correlation
(0.9, p=0.001). Negative correlations were observed between
the miRNAs and the protein markers: miR-372, miR-373,
and miR-519d all negatively correlated with ERa, TP53, and
PGR, with correlations ranging from -0.36 to -0.4 (p = 0.001),
indicating that higher expression of these miRNAs is associated
with lower levels of the protein markers.
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Figure 2. The ROC Curve for study parameter levels in patients and
control groups shows cut-off value, sensitivity, specificity, and area
under the curve (AUC).

Table 6. ROC curve results for all studied parameters in breast cancer compared with controls.

ELISA AUC Cut-off Sensitivity
ERa 0.99 761.98 98%

TP53 0.99 962.73 100%
PGR 0.98 4.41 95%

Gene Expression AUC Cut-off Sensitivity
MIR 372 0.22 1227 47%

MIR 373 0.2 132.6 45%

MIR 519D 0.21 1502.58 47%
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Asymptotic 95% Confidence

Specificity Lower Bound Upper Bound P Value

100% 0.98 1.005 <0.001***

100% 1 1 <0.0071***

96% 0.973 1.004 <0.001***
. Asymptotic 95% Confidence

Specificity Lower Bound Upper Bound P Value

96% 0.123 0.31 -

96% 0.123 0.307 -

95% 0.116 0.296



Table 7. Correlation of studied parameters.

Parameter Pearson Correlation P-value
ERa & TP53 0.81%* 0.001
ERa & PGR 0.59%** 0.001
TP53 & PGR 0.6%* 0.001
MIR 372 & MIR 373 1.0%* 0.001
MIR 372 & MIR 519D 0.9%* 0.001
MIR 373 & MIR 519D 0.9%* 0.001
MIR 372 & ERa -0.362%* 0.001
MIR 372 & TP53 -0.387** 0.001
MIR 372 & PGR -0.376** 0.001
MIR 373 & ERa -0.36** 0.001
MIR 373 & TP53 -0.4%* 0.001
MIR 373 & PGR -0.376** 0.001
MIR 519D & ERa -0.362%** 0.001
MIR 519D & TP53 -0.387** 0.001
MIR 519D & PGR -0.376** 0.001
Discussion.

Our results demonstrated significantly elevated serum
ERa levels in breast cancer patients compared with healthy
controls. This finding is consistent with extensive literature
indicating that ERa is overexpressed in approximately 70—
80% of breast cancers, particularly in luminal subtypes [17].
Previous studies have shown that ERa overexpression promotes
estrogen-dependent proliferation and is strongly associated
with responsiveness to endocrine therapy. Reports have also
confirmed that ERa-positive tumors generally exhibit more
indolent biological behaviour and better therapeutic outcomes
compared with ER-negative tumors [18].

The significantly higher ERa levels observed in invasive ductal
carcinoma (IDC) compared with lobular carcinoma align with
prior molecular profiling studies demonstrating subtype-specific
ER expression patterns. IDC frequently shows stronger ERa-
driven signaling compared with invasive lobular carcinoma
(ILC), which may partially explain differences in therapeutic
sensitivity and biological behaviour. Therefore, our findings
reinforce existing evidence that ERa remains a central driver
of hormone-responsive breast cancer and supports its continued
value as both a prognostic and predictive biomarker [19].

TP53 Elevation and Subtype Differences.

A significant aspect when the current study is being considered
is the identification of ER, PGR, and TP53 in the serum although
their localization is clearly intracellular and mainly nuclear.
This may be because of a number of biological processes
that are associated with the presence of these proteins in the
circulation. The active release of intracellular proteins into the
bloodstream can be caused by tumor cell turnover, i.e., through
apoptosis and necrosis. Moreover, there are nascent findings that
tumor-derived exosomes and extracellular vesicles are capable
of actively transporting nuclear and cytoplasmic proteins,
including hormone receptors and tumor suppressor proteins, to
the circulation. Such vesicles are important during intercellular
communication and can demonstrate the molecular picture of
the tumor-producing cells [20].

Our finding that TP53 levels were significantly higher in
lobular carcinoma compared with IDC is noteworthy. While
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TP53 mutations are traditionally more common in triple-
negative and HER2-positive subtypes, recent genomic
studies have reported molecular heterogeneity within lobular
carcinoma, including cases with complex TP53 alterations
[21,22]. These observations support our data and suggest that
TP53 dysregulation may contribute to the distinct biological
features of lobular tumors [23,24].

Furthermore, it should be noted that the ELISA kits used in
this study (Elabscience®, China) are designed to detect total
TP53 protein levels and do not differentiate between wild-
type and mutated TP53 isoforms. Therefore, the elevated
TP53 levels observed in serum likely represent a combined
signal of both wild-type and mutant protein forms, particularly
given that mutant TP53 is known to exhibit increased stability
and accumulation in cancer cells. This limitation should
be considered when interpreting the biological and clinical
significance of circulating TP53 levels [25].

Our study confirmed significantly increased PGR levels in
breast cancer patients compared with controls. This is consistent
with earlier reports demonstrating that PGR expression is
commonly observed in ER-positive tumors and reflects
intact estrogen signaling. Clinically, PGR positivity has been
associated with improved response to endocrine therapy and
better prognosis [26].

Interestingly, we observed a significant difference in PGR
levels between stage I1I and stage IV disease. Previous literature
suggests that PGR expression may decline during tumor
progression, particularly in aggressive or hormone-independent
tumors. However, some studies have also reported retained or
even elevated PGR expression in metastatic ER-positive breast
cancer, potentially reflecting adaptive resistance mechanisms to
endocrine therapy. Our findings appear to align with this dual
behaviour, suggesting that PGR expression may dynamically
change during disease evolution and therapeutic pressure [26].

A key contribution of this study is the demonstration of
significant downregulation of miR-372, miR-373, and miR-
519d in breast cancer patients [27].

Previous research has described miR-372 and miR-373
as context-dependent regulators that may function either as
oncogenes or tumor suppressors depending on tumor type
and molecular environment. Several breast cancer studies
have reported decreased miR-372 expression associated with
aggressive characteristics and poor clinical outcomes. Our
findings support this tumor-suppressive role in breast cancer
[28].

Similarly, miR-373 has been implicated in regulating
epithelial-mesenchymal transition (EMT), invasion, and
angiogenesis. While some studies describe miR-373 as an
oncogenic miRNA in certain malignancies, other breast cancer
investigations have documented reduced circulating levels in
aggressive disease. The decreased expression observed in our
cohort is consistent with reports suggesting that loss of miR-373
contributes to tumor invasiveness [29,30].

miR-519d, a member of the chromosome 19 miRNA cluster
(C19MC), has been shown to suppress tumor proliferation and
metastasis by targeting oncogenic pathways. Reduced miR-
519d expression has been linked to enhanced tumor growth and
chemoresistance. Our data align with these observations and



further support its tumor-suppressive function in breast cancer
[31].

ROC curve analysis revealed excellent diagnostic accuracy for
ERa, TP53, and PGR, with AUC values approaching 1.0 [32].
These findings are consistent with established clinical practice,
where hormone receptors and TP53 status are widely used for
tumor classification and therapeutic decision-making. Previous
biomarker studies similarly report high diagnostic performance
for hormone receptor proteins [33].

The miRNA ROC results require cautious interpretation.
Because miR-372, miR-373, and miR-519d were downregulated
in breast cancer patients, AUC values below 0.5 indicate inverse
discrimination, meaning lower expression is associated with
disease. However, these findings remain preliminary because
ROC analysis was performed in the same cohort without external
validation and requires confirmation in larger independent
studies [34-36].

Regulatory Interactions and Correlation Analysis.

One of the most significant findings of this study is the strong
positive correlation among ERa, TP53, and PGR proteins,
along with strong intercorrelation among the three miRNAs
and negative correlations between protein levels and miRNA
expression [37].

Previous mechanistic studies have shown complex crosstalk
between ERo and TP53 pathways, including interactions
through AMPK-mTOR signaling. Additionally, ERa and PGR
co-expression is well documented in hormone-responsive
tumors, reflecting coordinated regulation of steroid signaling
[38].

The observed negative correlation between miRNAs and protein
markers supports prior experimental evidence suggesting that miR-
372, miR-373, and miR-519d can directly or indirectly regulate
TP53 and PGR pathways [39,40]. These findings are consistent
with earlier reports demonstrating miRNA-mediated modulation
of tumor suppressor and hormone receptor signaling [41]. The
integrated protein—miRNA axis observed in our study provides
further evidence of a feedback regulatory network that may
influence tumor progression and endocrine responsiveness [42].

Study Strengths and Implications.

Our study is unique, unlike other past studies that analysed
either hormonal receptors or miRNAs individually, we integrated
both protein and post-transcriptional regulation layers in the
same cohort. The combination of these two methods enhances
the concept of breast cancer molecular heterogeneity and multi-
marker panels to improve the accuracy of diagnosis [43]. The
mechanistic interaction between these miRNAs and hormone
receptor pathways requires future functional studies to help
clarify it. Also, longitudinal research would be able to reveal
the predictive value of these markers to response to treatment
or recurrence [44].

Limitations.

Although the diagnostic performance is promising in
visualization of this study, it is necessary to take into account a
number of limitations. It is important to note that the values of
AUC of TP53 and ERa are very high (or almost equal to 1.0),
which is not typical in clinical biomarker research and could
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indicate the possibility of overestimating diagnostic accuracy.
This can be explained by the rather limited sample size and
using one cohort that lacked external validation.

Also, cut-off values using the ROC were also calculated and
tested on the same data, which can create overfitting and restrict
the extrapolation of the results. The use of cross-validation or
external validation technique would be recommended in future
to ascertain the strength and reproducibility of these biomarkers
as the good results of these biomarkers have been associated
with large and independent cohort.

Conclusion.

The present study offers important information on the molecular
landscape of breast cancer, as it analyses the concentration of
ERa, TP53, PGR protein levels, and miRNA (miR-372, miR-
373, and miR-519d) expression. High concentrations of ERao,
TP53, and PGR were detected to be highly related to breast
cancer and its responsiveness to treatment and there were high
correlations among these proteins. ERa level increase in IDC
could also be the explanation of the molecular differences
between IDC and Lobular carcinoma. In a similar way, lobular
carcinoma exhibited higher TP53 concentration compared to
the IDC and Mixed Carcinoma; thus, it is possible that it has
specific molecular features that make it behave in a unique
way. In stage III, lowering of PGR indicates the development
of the tumor to a hormone-independent, aggressive growth and
rising of IV stage indicates that tumor is still able to express
PGR once it becomes resistant to other endocrine drugs. The
research also indicated that there was a dysregulation of miRNA
expression and miR-372, miR-373, and miR-519d implying that
these miRNAs could act as tumor suppressors in breast cancer.
Correlation was done between miRNAs and the protein, and it
showed negative correlations with the protein markers, which
indicates the complexity of tumor progression regulation and
the potential of these miRNAs as a therapeutic choice. They
show that although ERa, TP53 and PGR are strong diagnostic
biomarkers according to ROC analysis, miRNA-based therapies
might present possibilities of enhancement to patient outcomes,
specifically in advanced or resistant breast cancer, and help in
the diagnostic and prognostic impact of these biomarkers on
breast cancer treatment.
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