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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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Abstract.

Background: Breast cancer has distinct epidemiological
patterns and heterogeneity. EGFR2 and Ki-67 are significant
in determining the progression and therapeutic response in
breast cancer. Additionally, miR-17 and miR-1307 are critical
regulators of tumorigenesis. Our research investigates the
function of these biomarkers across breast cancer progression,
diagnostic and treatment response.

Methods: Fifty-Three women with breast cancer and 25
healthy women were analyzed. ELISA was used to evaluate
the concentrations of EGFR2 and Ki-67. For gene expression,
gPCR was used to analyze the gene expression of miR-17 and
miR-1307. The diagnostic value of the proteins and miRNAs,
with significance set at a p-value <0.001 for all tests.

Results: The study found a significant increase in EGFR2
and Ki-67 proteins in patients compared to controls. The
concentration of EGFR2 in lobular carcinoma showed a
significantly higher concentration compared to Invasive Ductal
Carcinoma (IDC) and Mixed carcinoma, with a p-value of
0.001. Regarding Ki-67, Lobular carcinoma had significantly
higher levels compared to IDC, with a p-value of 0.03. ROC
curve analysis revealed excellent diagnostic accuracy for
EGFR2 and Ki-67. Positive correlation was shown between
EGFR2 and Ki-67 with each other, also miR-17 and miR-1307
showed a positive correlation with other. On the other hand,
a negative correlation was seen between the protein level and
gene expression.

Conclusion: This study found elevated EGFR2 and Ki-67
levels in breast cancer patients, indicating tumor aggressiveness,
while the downregulation of miR-17 and miR-1307 suggests
reduced tumor-suppressive activity. Their inverse correlation
supports their use in diagnostic and treatment monitoring.

Key words. Breast cancer, epidermal growth factor receptor,
Ki-67, MicroRNAs, miR-17, miR-1307.

Introduction.

The epidemiology and clinical presentation of breast cancer are
distinct and highly variable and involve a multitude of molecular
and cellular alterations that drive tumor initiation, proliferation,
angiogenesis, and metastasis [1]. It’s one of the most common
cancers that cause death in women [2]. Despite the advances in
diagnosis and treatment, early detection and accurate prognosis
remain critical for improving survival outcomes and guiding
therapeutic strategies [3].

The epidermal growth factor receptor (EGFR2), alternatively
referred to as HER2 It is the founder of the broad family of
growth factor receptors with intrinsic tyrosine kinase function
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and is overexpressed in breast cancer, where it enhances cell
proliferation, survival, and therapy resistance [4]. Also, EGFR
2 has been detected in approximately 15-30% of breast cancers,
particularly in the HER2-positive subtype [5]. Clinically,
HER2-positive breast cancer tends to be more aggressive and
associated with poor prognosis if left untreated [6].

Ki-67 (also known as Ki67P or MKI67) is a nuclear protein
related only to cell proliferation [7]. It is a good indicator of the
cell population's growth fraction since it is stimulated during
the cell cycle (G1, S, G2, and M phases) but not during resting
cells (GO phase) [8]. Growth, progression, and aggressiveness
of tumours are significantly correlated with their expression [9].
The expression of Ki-67 in breast cancer is widely used as a
proliferation index to assess tumor aggressiveness and predict
clinical consequences [9].

MicroRNAs (miRNAs) are diminutive non-coding RNA
transcripts (2024 nucleotides) that attach to complementary
sequences in the 3'-untranslated regions (3-UTR) of target
genes, thereby modulating their expression either negatively or
positively. miRNAs influence gene expression in cells, so they
play a role in various critical biological processes, including
cancer [10].

miR-17, one of the miR-17-92 cluster, is involved in apoptosis,
differentiation, and cell proliferation [11]. Depending on the
cancer, the miR-17-92 cluster can be an oncogene or a tumor
suppressor. The target genes inhibited by miR-17-92 determine
its oncogenic/tumour-suppressive effect. In human tumours,
miR-17-92 clusters have various effects, but a single miRNA
can target hundreds of genes, even if some of those genes have
competing activity. The cancer signature model helps organize
and comprehend human carcinogenesis. Published miR-17-
92 targets are associated with human cancer hallmarks [12].
Dysregulated of miR-17 levels in breast cancer may reflect
tumor dynamics and immune evasion mechanisms [13].

Recently discovered cancer-associated miRNA, the miR-1307,
poses the danger of metastatic malignancies. Early breast cancer
diagnosis is possible with elevated serum MiR-1307. Data
indicate that miR-1307 is an oncogenic miRNA that contributes
to cancer formation and progression [14]. miR-1307 promotes
oncogenic behavior by targeting tumor suppressor genes—
one identified target in breast cancer is Protamine 2 (PRM2),
where miR-1307 binding reduces PRM2 expression, facilitating
angiogenesis and cell survival [15]. Previous studies have found
that decreased miR-1307 expression can be a risk factor for
cancers such as colon and rectum, and that decreased expression
can lead to reduced programmed cell death, which leads to the
development of cancer [16]. Based on these findings, miR-1307
plays a different role in different cancers [17].
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The combined analysis of protein biomarkers (EGFR2, Ki-
67) and miRNA profiles (miR-17, miR-1307) offers a more
comprehensive molecular understanding of breast cancer. It
allows for the identification of multi-level dysregulation, both
at the protein and genetic levels, which could improve early
detection and offer insights into tumor biology. This study,
therefore, aims to correlate serum concentrations of (EGFR2,
Ki-67) and gene expression of miR-17, miR-1307, thereby
evaluating their potential as diagnostic tools and treatment
monitoring.

Materials and Methods.

Study Design and Sample Collection:

This study was conducted 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:

The study was carried out in line with the Declaration of
Helsinki. Approval was granted by the Ethics Committee of the
University of Wasit, College of Science — Health Directorate
(No. UW.Sci.2025.0723, July 23, 2025). All participants
provided informed consent before enrollment.

Inclusion Criteria:

Participants were aged between 18 and 65 years. Patients
diagnosed with invasive breast carcinoma, categorized into
specific grades (I, II, III), stages (I, II, III, IV), and types
(IDC, Lobular, Mixed). All patients had received treatment
(chemotherapy and hormonal therapy) prior to or during
enrollment, as the study aims to explore their relationship
with marker concentrations. All participants provide informed
consent for participation in the study.

Exclusion Criteria:

Women 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.

Table 1. Primers for the miRNAs gene expression experiment.

Enzyme-linked immunosorbent assay (ELISA):

Serum concentrations of EGFR2 and Ki-67 proteins were
assessed using commercially available double-antibody
sandwich ELISA kits (Elabscience®, China; Cat. No.
E-EL-H6083 and E-EL-H5432). In this technique, the target
antigen in the sample first binds to a capture antibody fixed
on the ELISA plate. A second antibody, conjugated with
an enzyme such as horseradish peroxidase, attaches to the
antigen—antibody complex. The bound enzyme reacts with a
chromogenic substrate, generating a colored product, and the
optical density (OD) is measured. The concentration of each
marker was calculated by comparing OD values of the samples
with the standard curve obtained from the kit’s reference
antigens. All procedures were conducted in accordance with
the manufacturer’s instructions to ensure reproducibility and
accuracy.

RNA Extraction:

Peripheral blood samples were collected from all participants
using standard venipuncture techniques. Whole blood was
processed immediately after collection. The red blood cells
were lysed, and the remaining white blood cells were isolated
by centrifugation at 3000 rpm for 10 minutes. 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 preserved at —20°C till use in
cDNA synthesis & gene expression analysis.

Primer Design:

Primers for the quantification of target miRNAs (miRNA

17 and miRNA-1307) 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.

Complementary DNA (cDNA) synthesis:

cDNA was produced using the AddScript cDNA Synthesis
Kit (Addbio, Korea) from extracted RNA. The reaction was
prepared at a total concentration of 20 pL per sample. The
reaction contained 10 pL of 2x Reaction Buffer, 2 pL of 10
mM dNTP Mix, 2 pL of oligo dT20 or random hexamer, 1 pL
of 20x AddScript Enzyme Solution, 1 uL of nuclease-free H-O,
and 4 pL of RNA template. The reaction was performed in a

miRNA Type Primer name 5'-3' ACCN Reference
. F TGCTTACAGTGCAGGTAG .
hsa-miRNA 17 Target R GAACATGTCTGCGTATCTC MIMAT0000070 Origene
. F CGTGGCGTCGGTCGT .
hsa-miRNA-1307 Target R GAACATGTCTGCGTATCTC MIMAT0002853 Origene
hsa-miRNA-16 HKG F AGCAGCACGTAAATATTGG MIMAT0000069 Origene
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thermal cycler under the following steps: priming at 25°C for 10
minutes, reverse transcription at 50°C for 60 minutes, and RT
inactivation at 80°C for 5 minutes. The cDNA that was made
was then kept at —20°C until it could be analyzed by qPCR.

qPCR Analysis:

Gene expression was analyzed using the GoTaq® RT-qPCR
System (Promega, USA). The PCR reaction mixture included
5 uL of gPCR Master Mix, 0.5 pL each of forward and reverse
primers, 0.25 pL of MgCI2, and 1 pL of cDNA template. The
reaction was amplified using the following conditions: Initial
denaturation at 95°C for 5 minutes, 40 cycles of 95°C for 20
seconds (denaturation), 60°C for miRNA-17 and miRNA-1307
for 20 seconds (annealing), and 72°C for 20 seconds (extension).
A melting curve analysis was performed from 72°C to 95°C.
Gene expression levels were quantified using the Livak Method
(AACT) to determine fold changes in expression.

Statistical analysis.

The results were analyzed using SPSS. Independent t-test,
ANOVA (Duncan's test) was used to assess group differences.
Correlations were evaluated using Pearson’s test, and Receiver
Operating Characteristic (ROC) analysis was applied to
determine cutoff values and diagnostic performance. Graphs
were created using GraphPad Prism. Results are shown as mean
+ SD, with significance set at p < 0.05.

Results.

The mean levels of serum concentration of EGFR2 and Ki-
67 proteins and gene expression of miRNA-17 and miRNA-1307
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
EGFR?2 in patients (1198.224230.51) compared to the control
(182.80+68.12), with a significant difference at (P<0.001) as
shown in Figure 1 (A). Similarly, Ki-67 (ng/mL) levels were
significantly elevated in patients (12.99+1.46) compared to
controls (2.94+0.63) at (P<0.001) as shown in Figure 1 (B). In
qPCR analyses presented as 2*-AACt (controls normalized to
1.00), patients showed a significant reduction in miR-17-5p and
miR-1307-3p relative expression (0.57 and 0.56, respectively; P
<0.001), as shown in Table 2 and Figure 1C-D.

As shown in Table 3, the analysis of EGFR2 and Ki-67
protein concentrations across different tumor grades revealed no
significant differences with p value (0.8 and 0.19, respectively).
Similarly, the gene expression of miRNA-17 and miRNA-1307
across different tumor grades revealed no significant differences
with a p-value of 0.9.

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 EGFR2 and Ki-
67, no significant differences were observed across stages I to
IV, with p-values of 0.16 and 0.4, respectively. Regarding gene
expression, miRNA-17 and miRNA-1307 showed no significant
differences across stages I to IV, with p-values of 0.4 and 0.42,
respectively.

As shown in Table 5, the analysis of protein concentrations and
gene expression across different breast cancer types revealed
several significant findings. For EGFR2, Lobular carcinoma
showed a significantly higher concentration (1513.08+346.71)
compared to Invasive Ductal Carcinoma (IDC) and Mixed
carcinoma (1168.88+199.20 and 1131.33+70.96, respectively)
with a p-value of 0.001. Regarding Ki-67, Lobular carcinoma
had significantly higher levels (14.414+2.28) compared to IDC
(12.80£1.32), with a p-value of 0.03.

Gene expression analysis showed no significant differences for
miRNA-17 and miRNA-1307 among the BC types, with p-values
of 0.9 and 0.95, respectively.

Using ROC analysis in breast cancer patients and healthy
controls, the effectiveness of EGFR2 and Ki-67 levels as
biomarkers for breast cancer prediction was examined. The
results are in Table 6 and Figure 2. In comparing patients with
breast cancer to healthy controls, the results showed that the area
under the curve (AUC) for EGFR2 and Ki-67 levels was (0.99
and 0.98) respectively, with excellent specificity and sensitivity
values. These AUC values determined the cut-off values of
EGFR2 and Ki-67 (562.75 and 7.48), respectively, with a significant
p value (<0.001) compared to the control. For gene expression, the
diagnostic performance of miRNA-17 and miRNA-1307 was poor,
with AUC values of 0.2 and 0.22, respectively. Sensitivity ranged
from 46% to 47%, indicating a low ability to correctly identify
breast cancer patients. However, specificity was high, at 96%, for
correctly identifying healthy controls.

Table 2. Comparison of EGFR2 & Ki-67 concentrations and miRNA-17 & miRNA-1307 expression between patients and controls.

Concentration

ELISA Groups (Mean=S.D.) P value
Control 182.80+68.12
< skksk
EGFR2 BC Patients 1198.22+230.51 0.001
Control 2.94+0.63
Ki- <0.001***
67 BC Patients 12.99+1.46 0.00
Gene . q
. Groups Relative expression (2*-AACt) P value
expression
Control 1
IR-17- < *kk
miR-17-5p BC Patients 0.57 0.001
Control 1
IR- - < sk
miR-1307-3p BC Patients 0.56 0.001

Relative expression was calculated using the 2"-AACt method with the mean of the control group as the calibrator (set to 1.0). Reference:
[housekeeper(s) used]. Statistical tests were performed on ACt (or log?2 fold-change).
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Table 3. Comparison of EGFR2 & Ki-67 concentrations and miRNA-17 & miRNA-1307 expression between patients and controls across cancer

grades.

ELISA Grade Groups Concentration (Mean=S.D.) P value
I 1140.59+147.34

EGFR2 I 1208.39+253.18 0.8 NS
il 1196.18+210.6
| 13.24+1.26

Ki-67 I 12.72+1.33 0.19NS
11 13.44+1.69

Gene expression Groups Fold Expression P value
1 2.22+1.81

miR-17 1T 2.40+1.89 0.9 NS
11 2.14+1.77
1 6.14£5.01

miR-1307 1T 6.63+5.24 0.9 NS
11 5.90+4.94

Table 4. Comparison of EGFR2 & Ki-67 concentrations and miRNA-17 & miRNA-1307 expression between patients and controls across cancer

stages.
ELISA Stage Groups Concentration (Mean+S.D.) P value
I 1164.43+142.45
II 1168+291.45
EGFR2 I 1171.13+£188.30 016 NS
v 1341.48+263
I 12.92+1.14
. 1I 12.58+1.12
Ki-67 111 13.06+1.62 04NS
v 13.58+1.86
Gene expression Groups Fold Expression P value
I 2.67+1.63
. 11 1.90+1.66
mik-17 1 2.6142.20 04NS
v 1.83£1.32
I 7.40+4.52
. I 5.24+4.63
miR-1307 — 7 2446.08 0.42 NS
v 5.0+£3.70

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

Table 5. Comparison of EGFR2 & Ki-67 concentrations and miRNA-17 & miRNA-1307 expression between patients and controls across breast

cancer types.

ELISA BC Type Concentration (Mean+S.D.) P value
IDC 1168.88+199.20 a

EGFR2 Lobular 1513.08+346.71 b 0.001**
Mixed 1131.33£70.96 a
IDC 12.80+1.32 a

Ki-67 Lobular 14.41+£2.28 b 0.03*
Mixed 13.36+0.98 ab

Gene expression Groups Fold Expression P value
IDC 2.31£1.78

miR-17 Lobular 2.43+2.41 0.9 NS
Mixed 2.07£1.94
IDC 6.37+4.95

miR-1307 Lobular 6.73+6.66 0.95 NS
Mixed 5.74+5.37

NS: Non-Significant; Different letters indicate a significant difference between the groups; Similar letters indicate non-significant differences.
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Table 6. ROC curve results for all studied parameters in breast cancer compared with controls.

Asymptotic 95%
fid
ELISA AUC Cut-off Sensitivity Specificity Confidence P Value
Lower Upper
Bound Bound
EGFR2 0.99 562.75 99.8% 100% 0.97 0.99 <0.001***
Ki-67 0.98 7.48 99.7% 100% 0.96 0.98 <0.001***
Asymptotic 95%
Confid
Gene Expression AUC Cut-off Sensitivity Specificity L:)):’lver ence Upper P Value
Bound Bound
miR-17 0.2 6.68 47% 96% 0.123 0.307 -
miR-1307 0.22 18.52 46% 96% 0.123 0.307 -
Table 7. Correlation of studied parameters.
Parameter Pearson Correlation P-value
EGFR2 & Ki-67 0.93** 0.001
miR-17 & EGFR2 -0.38%* 0.001
miR-1307 & EGFR2 -0.4%* 0.001
miR-17 & Ki-67 -0.401%* 0.001
miR-1307 & Ki-67 -0.407** 0.001
miR-17 & miR-1307 0.97** 0.001
A EGFR2 B Ki-67
kK kK K
=0.001 20+ p=0.001
_ 2000 E .5
= | -
S 1500 g
277 g
= = 10—
3 1000+ b=
e 500 o
= o
L& — o
0- S ©
.5,6-6% p <2 ?:;? ,}.gf'
2 o = <
D
1.5 * Kk 1.5+ ok ok
p=<0.001 p<0.001

Fold change (MIR 1307-3p) M
e o =
o (4] o
| 1 |
Fold Change (MIR-17-5p)

Figure 1. Differential expression of serum biomarkers in breast cancer patients vs healthy controls. (4) Serum EGFR2 (pg/mL). (B) Serum Ki-67
(ng/mL). (C) miR-1307-3p relative expression (D) miR-17-5p relative expression.
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Figure 2. The ROC Curve for study parameters levels in patients and control groups shows cut-off value, sensitivity, specificity, and area under

the curve (AUC).

The correlation analysis presented in Table 7 revealed several
significant associations between protein markers and miRNAs
in breast cancer. EGFR2 showed a strong positive correlation
with Ki-67 (0.93, p = 0.001). miRNA-17 and miRNA-1307 also
showed a strong positive correlation (0.97, p = 0.001). Negative
correlations were observed between the miRNAs and the
protein markers: miRNA-17 and miRNA-1307 have negatively
correlated with EGFR2 and Ki-67, with correlations ranging
from -0.38 to -0.4 (p = 0.001), indicating that lower expression
of these miRNAs is associated with high levels of the protein
markers.

Discussion.

The disease known as breast cancer is a complicated condition
that encompasses several tumor types, each of which is
distinguished by its own unique appearance, behavior, and
clinical implications [18]. The marked increase in serum
EGFR2 (HER2) and Ki-67 levels among breast cancer patients
in this study aligns with their established roles as markers of
tumor aggressiveness and poor prognosis.

Current data indicate that the level of EGFR2 was found to be
significantly increased in patients with breast cancer compared
to controls. EGFR family, particularly HER2 (also known
as ERBB2), serves a vital function in the pathogenesis and
progression of breast cancer [19]. The EGFR2 protein, when
overexpressed, promotes cellular proliferation, survival, and
angiogenesis through the activation of downstream signaling
pathways such as PI3K/AKT and MAPK [20]. These pathways
are frequently dysregulated in HER2-positive breast tumors,
which are known for their aggressive behavior and poor
prognosis if untreated [21]. Several previous studies also found
the link between EGFR2 and breast cancer compared with
controls, such as a study done by [22] found that plasma EGFR
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levels reliably reflect the HER2 disease status in patients with
metastatic breast cancer, and this may help identify patients,
even without visceral involvement, who could benefit from
tailored sequential therapies. This supports the concept that
serum EGFR2 measurements provide not only diagnostic value
but may also contribute to treatment stratification in breast
cancer patients, particularly in cases where tissue biopsies are
impractical or inconclusive, particularly in patients receiving
HER2-targeted treatment. Another study found elevated EGFR2
was correlated with positive estrogen receptor of tumor (ER+),
and this finding supports to utilize of EGFR2 in personalised
breast cancer therapy to enhance patient outcomes [23]. These
results agreed with several previous studies that found that
EGFR2 serum levels increase in breast cancer patients compared
with controls [24].

EGFR?2 levels were notably higher in lobular carcinoma (ILC)
compared to IDC and mixed types. This suggests that lobular
carcinoma may exhibit stronger HER2/EGFR2 signaling
activity, which aligns with findings by [25], who reported that
lobular carcinoma, though generally less HER2-amplified than
IDC, can exhibit elevated HER2 expression in more aggressive
subtypes or specific molecular contexts. Functionally, sHER2
reflects receptor shedding and may track tumor burden and
treatment response; its clinical use as a circulating marker is
supported by contemporary evidence [26]. Although ILC
is typically HER2-negative by amplification, subsets exist
with HER2-low expression or activating ERBB2 mutations,
providing a biologic rationale for heightened HER2-pathway
signaling in some ILCs [27]. hus, elevated sHER2/ECD in
ILC may flag a biologically distinct subset (HER2-low or
ERBB2-mutant) that warrants tissue confirmation (IHC/ISH)
and cautious consideration of HER2-directed strategies in



appropriate contexts; validation in ILC-focused cohorts remains
necessary [28].

About the effect of therapy on EGFR2 the serum EGFR2
extracellular domain (sHER2/ECD), effective systemic therapy
often coincides with declining circulating ECD, whereas higher
or rising SsHER2 can be associated with tumor burden and poorer
outcomes [29]. Recent clinical studies report that sHER2 tracks
treatment efficacy and prognosis, including in advanced disease
and in patients receiving HER2-directed agents. Our exploratory
analyses showed only modest between-modality differences and
no change in the direction of primary findings [29].

Similarly, this study indicated to increase significantly the
serum level of Ki-67 in patients with breast cancer compared
with controls. One of the most common markers in clinical
cancer pathology is Ki-67, a nuclear protein that is present in all
growing vertebrate cells [30]. Ki-67 is a marker for cell growth
that is mostly used to forecast how well cancer will respond to
treatment and how well it will progress. The Ki-67 index is a
good way to measure how quickly breast cancer cells are growing
[31]. The correlation between Ki-67 and the prognosis of breast
cancer has been well investigated, such as [9,32]. Independent
prognostic value of Ki-67 has been validated by studies, which
have demonstrated that raised Ki-67 levels are associated with
worse survival and higher recurrence rates in breast cancer [33].
A study done by [32] suggested that breast cancer has a poor
prognosis due to the lack of hormonal therapeutic targets, and
Ki-67 may be a biomarker for aggressive, metastatic cancer.
Another study suggested that since Ki-67 indications vary by
primary and metastatic lesion, they are important for therapy
planning and prognosis [34]. Recent studies have begun to
investigate circulating Ki-67 as a potential serum biomarker.
For example, a study by [9] reported significantly higher serum
Ki-67 levels in patients with invasive breast cancer compared to
those with benign breast lesions, suggesting its utility in early
differentiation. Also, this finding is supported by previous studies
which reported that high Ki-67 values in breast cancer patients
correlate well with the attainment of complete pathological
response, and that Ki-67 may be incorporated into initial clinical
assessment to predict chemotherapy effectiveness and response
[35]. So, this study suggested the elevated serum Ki-67 levels
in breast cancer patients observed in this study are consistent
with previous findings and highlight the potential of Ki-67 as
a serum-based indicator of tumor activity and this supports
the hypothesis that serum Ki-67 reflects tumor proliferation
dynamics and may serve as a valuable biomarker for diagnosis
and potentially for monitoring therapeutic response.

Ki-67 levels were also significantly higher in lobular carcinoma
than in IDC. Ki-67 is a well-established proliferation marker,
and its elevated level in lobular type contradicts traditional views
that lobular carcinoma is less proliferative than IDC. However,
previous studies have shown that some lobular carcinomas can
display high Ki-67 indices, especially in pleomorphic variants,
indicating a more aggressive phenotype and worse prognosis
[36,37]. Notably, aggressive ILC variants show elevated Ki-
67 and poorer outcomes, aligning with our signal [38]. That
said, some datasets report lower Ki-67 in classic ILC vs IDC,
underscoring biological heterogeneity; our finding likely
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highlights a more proliferative ILC subset and supports closer
follow-up and risk stratification, pending confirmation in larger,
ILC-enriched cohorts [38].

About the effect of therapy on Ki-67 this study observed
elevated or unchanged Ki-67 levels in a subset of patients
following prior therapy. Multiple, non-mutually exclusive
explanations are plausible such as early non-response or
emergent resistance is evidenced by multiple studies indicating
that Ki-67 does not consistently decline and may remain elevated
or even increase in non-responders, correlating with poorer
outcomes [39]. The second reason are sampling window effects
related to treatment cycles may capture temporal fluctuations
that reflect transient rebounds between cycles [40]. Other
reason, tumor heterogeneity and therapy-driven clonal selection
may favor the proliferation of more aggressive subclones [41].
Also, differences in assay and matrix (tissue versus circulating
measures) introduce further variability [42]. In alignment with
existing literature, the increased post-treatment Ki-67 levels in
our cohort likely indicate residual proliferative activity rather
than an artifact of measurement. Consequently, these findings
with caution and highlight the necessity for standardized pre-/
post-treatment time points and external validation in subsequent
research [43].

In ROC analyses, serum HER2/ERBB2 (sHER2/ECD) and
Ki-67 showed very high apparent discrimination. This study
reports the exact AUC estimates with 95% confidence intervals,
and interpret them cautiously given the limited sample size. The
confidence intervals underscore residual uncertainty and do not
justify claims of perfect accuracy. This study therefore regards
serum HER2/ERBB2 (sHER2/ECD) and Ki-67 as a promising
candidate, not a definitive diagnostic test. External validation in
an independent cohort—together with calibration and decision-
curve analysis is required before clinical adoption or patient
stratification.

MiRNAs, naturally occurring RNA molecules, regulate cell
cycle, proliferation, apoptosis, and migration [44]. In this study,
miR-17 was significantly downregulated in patients with breast
cancer compared to controls. There have been reports in several
studies that miR- 17 promotes cancer cell invasion and migration
and is dysregulated in many malignancies [45,46]. Many
tumorigenic mechanisms involve miR-17, including the miR-
17-19 family. This topic, related to cancer cell proliferation and
apoptosis, has been studied extensively recently [12]. Previous
studies showed that breast cancer tissues have higher miR-17
levels than normal breast tissues. High miR-17 expression may
indicate a poor breast cancer outcome [47]. Overexpression of
miR-17 increased cell proliferation and tumour growth, and it
was critically involved in the development of breast cancer; and
showed promise as a biomarker for predicting the prognosis of
breast cancer [48]. Also, a study by [49] has shown that miR-
17 promotes breast cancer cell migration by directly targeting
and downregulating Netrin-4 (NTN4), a protein known to
suppress tumor cell motility and invasion. There may be a
connection between the biology of breast cancers that promotes
progression and metastasis and dysregulated microRNAs [50].
Beyond treatment exposure, patient mix and biospecimen likely
explain the discrepancy with tissue-based reports. Studies that



found higher miR-17-5p mostly analyzed tumor tissue collected
pre-therapy [49], whereas we measured circulating miRNAs
(serum/plasma) during/after therapy. miRNA profiles can
differ by matrix (tissue vs circulating) and by subtype (ER/PR/
HER?2) [51]. Our cohort comprised unselected breast-cancer
patients, and the sample size did not allow adequately powered,
subtype-stratified testing. Pre-analytical/analytical factors
(timing of sampling relative to treatment, hemolysis control,
normalization) may also contribute [52]. Taken together,
these contextual differences plausibly account for the lower
circulating miR-17-5p observed here and warrant confirmation
in pre-treatment, matrix-matched, subtype-stratified cohorts.

This study aligns with several previous studies, such as a
study in a cell line, which found miR-17 was significantly
downregulated in breast cancer patients compared to healthy
controls and suggests that miR-1/7 works as a tumor suppressor
and oncogene by affecting cell proliferation in a cell-type-
specific manner dependent on the cellular environment and
target mRNAs [53]. Also, according to [54], miR-17 was
significantly downregulated in triple-negative breast cancer
(TNBC) cell lines, suggesting that miR-17 acts as a tumor
suppressor in TNBC by targeting ETS variant transcription
factor 1 (ETV1), and its low abundance may contribute to
the pathogenesis of TNBC, indicating that miR-1/7 may serve
as a therapeutic target for TNBC. Another study reported that
miR-17 expression was decreased in breast cancer tissues,
particularly in younger patients, and that elevating miR-17 in
vitro suppressed oncogenic mediators and enhanced immune
recognition via UL16 Binding Protein 2 (ULBP2) induction
[13]. So, this study suggested that the downregulation of miR-17
from treated breast cancer patients may be attributed not only to
the biological characteristics of the tumor but also to the effects
of anticancer therapy.

In the current study, miR-1307 exhibited a significant
downregulation in patients with breast cancer compared to
healthy controls. miR-1307, recently identified as a cancer-
associated miRNA, is regarded as arisk factor for the progression
of metastatic malignancies [14]. This marked decrease suggests
a potential regulatory role for miR-1307 in breast cancer
pathogenesis. This downregulation was observed by a study
that found the downregulation of miR-1307 indicates a loss of
tumor-suppressive function, contributing to drug resistance in
breast cancer cells [55]. Under normal conditions, miR-1307
negatively regulates the expression of Murine Double Minute
4 (MDM4), a key inhibitor of the tumor suppressor protein
p53 [56]. Reduced levels of miR-1307 lead to overexpression
of MDM4, which in turn impairs apoptosis and allows cancer
cells to survive despite chemotherapy treatment. Consequently,
the downregulation of miR-1307 is pivotal in chemoresistance
and may function as a prospective diagnostic and therapeutic
target in metastatic breast cancer [55]. Further research suggests
that miR-1307 may boost ovarian cancer chemoresistance by
altering INGS5 expression. Thus, miRNAs largely contribute to
cancer treatment resistance [57].

On the other hand, this study disagreed with several studies
reported overexpression of miR-1307 in breast cancer, such as a
study done by [15] has shown that overexpression of miR-1307
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in breast cancer can promote tumor cell proliferation, migration,
invasion, and angiogenesis, indicating its oncogenic potential.
These biological effects suggest that miR-1307 contributes to
tumor aggressiveness and progression by identifying Protamine
2 (PRM2) as a novel direct target of miR-1307 in breast cancer,
providing further insight into the molecular mechanisms
through which this microRNA exerts its tumor-promoting
effects. Other studies indicate miR-1307 overexpression exerts
its effects by directly targeting tumor suppressor genes such as
SMYD4 and MDM4 [58]. While miR-1307 overexpression has
been associated with tumor progression and drug resistance,
emerging data suggest that miR-/307 exerts anti-angiogenic
and tumor-suppressive functions. So, these opposing roles
underscore the significance of miRNA arm selection and
suggest that targeting the regulatory balance between miR-
1307 arms may offer novel therapeutic opportunities in breast
cancer management [59]. Discrepancies likely reflect treatment
exposure and sampling: studies reporting higher miR-17-5p
sampled pre-therapy, whereas ours were during/after treatment;
biospecimen type (tissue vs serum/plasma) and timing may also
contribute.

The observed downregulation of miR-1307 in serum supports
its potential as a non-invasive biomarker for breast cancer
detection or monitoring. Further validation studies are warranted
to explore its subtype-specific behavior and predictive value in
treatment response.

Despite prior therapy, circulating miRNA levels decreased
in our cohort (including miR-17-5p and miR-1307-3p). The
reduced tumor burden lowers tumor-derived miRNA release
(free and vesicle-bound) [60], therapy can suppress transcription/
processing programs that govern miRNA biogenesis and
secretion [52]. Exosomal output may decline under cytotoxic
or endocrine treatment, and systemic clearance (immune
phagocytosis) may improve [61]. Sampling timing relative to
treatment cycles can also capture transient dips. Future work
with standardized pre/post-treatment time points is warranted to
confirm trajectories and predictive utility.

The statistical analysis in grades and stages shows that there
were no statistically significant differences in the serum levels
of EGFR2 and Ki-67, or the expression levels of miR-17 and
miR-1307, across different tumour grades (I-1II) and stages (I-
IV) in breast cancer patients. This lack of significance shows
that the levels of these biomarkers may not be directly linked to
the grade or stage of the tumor's growth. This could be because
of the effects of treatment, differences across patients, or the fact
that these markers show the presence of cancer rather than its
severity. Also, because the number of cases within each stratum
was very small. Therefore, the non-significant results should be
considered inconclusive, not evidence of no association. Future
work should use larger, stratified cohorts with pre-specified
power to reliably test grade/stage trends.

Positive correlation was observed between EGFR2 and Ki-
67, indicating that elevated EGFR2 levels are closely linked
to increased proliferative activity in breast cancer cells. This is
consistent with previous studies reporting that HER2/EGFR2
overexpression is associated with high Ki-67 indices, aggressive
tumor phenotypes, and poor clinical outcomes [62].



In contrast, both miR-17 and miR-1307 exhibited significant
negative correlations with EGFR2 and Ki-67, suggesting that
lower expression of these miRNAs is associated with increased
oncogenic and proliferative activity of EGFR2 and Ki-67. This
supports literature showing that miR-17 may function as a tumor
suppressor in certain breast cancer subtypes, particularly triple-
negative cases, by targeting oncogenes such as ETS Variant
Transcription Factor 1 ETV1 and inhibiting cell proliferation
and migration [13,63].

Moreover, a perfect positive correlation between miR-17
and miR-1307 suggests that their expression levels are tightly
co-regulated, possibly reflecting a shared upstream regulatory
mechanism or involvement in common biological pathways.
Co-regulation of miRNAs has been observed in cancer
as a coordinated mechanism to modulate multiple targets
simultaneously [64].

Conclusion.

This study demonstrated a significant increase in serum EGFR2
and Ki-67 levels among breast cancer patients, indicating
enhanced tumor aggressiveness and proliferation. In contrast,
the notable downregulation of miR-17 and miR-1307 suggests
a loss of tumor-suppressive regulation. The strong inverse
correlation between these miRNAs and the elevated protein
markers highlights their potential as biomarkers for diagnosis
and treatment monitoring in breast cancer.
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