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Abstract

Introduction. Globally, Breast cancer (BC) continues to be a predominant factor in cancer-
related fatalities worldwide, and metastases drastically lower patient survival rates. Both
matrix metalloproteinase-7 (MMP-7) and forkhead box C1 (FOXC1) are recognized as
critical modulators of tumor invasion and dissemination.

Purpose. This research aimed to evaluate and compare the transcriptional activity
of MMP-7 and FOXC1 across different breast lesion types in the tissue of patients with
fibroadenoma and BC in Basrah, South Iraq.

Materials and methods. Between January 2024 and January 2025, 23 fibroadenoma
samples and 37 BC tissue biopsies were gathered for a comparative analysis. Using [3-actin
as an internal control, FOXC1 and MMP-7. The level of gene transcription was evaluated
employing quantitative real-time polymerase chain reaction (qPCR) methodology. To
ascertain the significance of expression differences across groups, statistical analysis was
conducted.

Results. In this study the Patients with fiboroadenoma had an average age of 35.3 years, but
those with BC had an average age of 45. Compared to fibroadenoma, BC tissues exhibited
considerably higher levels of FOXC1 expression (2.6-fold increase, p<0.05). Additionally,
samples of BC had significantly higher MMP-7 expression, which was 4.4 times higher than
that of fibroadenoma (p<0.05). Because of the small sample size, there was no discernible
correlation between MMP-7 expression and tumor grade.

Conclusions. When compared to benign fibroadenoma, both FOXC1 and MMP-7 are
markedly elevated in BC, demonstrating their significance as molecular indicators and
potential intervention points in oncology. These results emphasize the significance of
FOXC1 and MMP-7 in tumor growth and aid in the molecular characterization of BCin the
Basrah community. It is advised that these biomarkers be validated and their clinical value
investigated in larger cohort studies.
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Xeba xaccam', BugkgaH Hasap Mbpaxaim', MasnH XaBas?
! MeanumHcknin konnegx, YHusepcuteT bacpbl, bacpa, Upak
2YyebHana 6onbHULa Anb-Cagaep v YacTHble 60/bHULLI, OHKONOrMYeCcKnin LeHTp bacpbl,
YnpaBneHwue 3gpaBooxpaHeHmna bacpbl, MuHncTepcTBO 3apaBooxpaHenus, bacpa, Mpak

MNpodunmnposaHune skcnpeccum reHos FOXC1
n MMP-7 npun pake MOSTIOYHON Xenes3bl

n pubpoageHome B bacpe, KOxHbIn Npak:
CpaBHUTENIbHOE UccnegoBaHmne

KOoHGANKT NHTepecoB: He 3asB/eH.

Bknap aBTopoB: Xeb6a [)xaccam — KoHUenTyanusaums, cbop AaHHbIX, 06paboTka AaHHbIX, UCCNefoBaHNe, METOAONOMS, aAMU-
HUCTPMPOBaHKE NPOEeKTa, MPorpaMmMHoe obecneyeHvie, BU3yanv3aLuus, HanncaHme — NepBoHavasbHblii BapUaHT, peLeH3npo-
BaHVe 1 peflakTupoBaHue; BuaxaaH Mbpaxaim — KoHUenTyanusaums, 06paboTka AaHHbIX, UCCNIefOBaHNE, METOAONON S, BU3Y-
anu3auwsa, HanMcaHme — NepBoHaYasbHbIN BapyaHT, peLieH3MpoBaHne 1 pefakTupoBaHune; MasuH XaBa3 — KOHLeNTyanm3auus,
06paboTKa AaHHbIX, NCCNEeAOBaHNE, METOLOMNOMA, MPOBEPKA AOCTOBEPHOCTY, BU3yann3aLus, HanmncaHme — nepBoHavasnbHbli
BapMaHT, peLieH3MpoBaHmne 1 peAakTMpoBaHMe.

MopaHa: 11.08.2025

MNpwuHaTa: 17.10.2025
KoHTakTbl: wijdan.ibraheim@uobasrah.edu.iq

Pesiome

BBegeHwme. Bo Bcem Mupe pak MonoyHo »enesbl (PM2K) 3aHnMaeT 1-e mecTo cpeaun OH-
KOMIOrMyecKom CMepTHOCTK, @ MeTacTa3bl 3HaUMNTESIbHO CHUXKAOT NoKasaTenn BbiKuBae-
MOCTU NaumeHToB. MaTpukcHaa meTannonpoTenHasa-7 (MMI1-7) n aktop TpaHCcKpunumum
FOXC1 (FOXC1) npr3HaHbl KpUTUYECKN BaXKHBbIMU MOAYNATOPaMUN MHBA3MM U pacnpocTpa-
HeHVA ONyXonw.

Lenb. [laHHOe nccnefoBaHne HanpaBfieHO Ha OLEHKY M CpaBHEHWe TPaHCKPUMNLIMOHHOWN
akTnBHoCcTM MMI-7 n FOXC1 B TKaHAX NpY pa3fnyHbIX TUMax MOpPaXeHni MOSIOYHOWN Xe-
nesbl y nauneHToB ¢ dpnbpoageHomor n PMX B bacpe, IOxHbin Mpak.

Marepuanbi n metogbl. B neprog c AHBapA 2024 r. no AHBapb 2025 r. 4nA cpaBHUTENb-
HOro aHanu3sa 6o cobpaHbl 23 obpasua ¢prMbpoageHoM 1 37 Groncuii TKaHen npu PMXK.
B KauecTBe BHYTPEHHEro KOHTPONA MCMOMb30Banca B-akTUH, @ YPOBEHb TPaHCKPMNLMM
reHoB FOXC1 n MMI-7 oueHnBanca ¢ nomolbio KonuyectseHHow [LIP B peanbHOM Bpe-
meHun (qPCR). InAa onpegeneHma 3HAUYMMOCTM Pa3nNYniA B SKCIPECCUN MexXay rpynnamm
6b11 NpoBeeH CTaTUCTUYECKNI aHanm3.

PesynbraTbl. B faHHOM nccnefoBaHmny cpefHuii BO3pacT naumeHToB ¢ GrubpoageHoOMOoN
coctaBun 35,3 roga, a nauneHToB C PpakoM MOJTIOYHOWN ene3bl — 45 neT. o cpaBHeHUIo C
¢nbpoageHomo, TKaHn PMK feMOHCTpUpOBany 3HaunTeNnbHO 6onee BbICOKUN YPOBEHb
skcnpeccnn FOXCT (yBennueHue B 2,6 pasa, p<0,05). Kpome Toro, obpasubl PMX umenn
3HauuTenbHo 6onee BbICOKYIO 3Kkcnpeccnio MMI-7, KoTopas 6bina B 4,4 pa3sa Bbile, YeM
npu ¢pmnbpoageHome (p<0,05). M3-3a HeboNbLIOro pasmepa BbIGOPKU He BbINO BbiABIE-
HO 3aMeTHON Koppenauun mexay skcnpeccren MMI-7 n cteneHblo 310KaYeCcTBEHHOCTHN
onyxonw.

BbiBoAbl. 1o cpaBHeHuio ¢ fobpokavecTBeHHON $rbpoaaeHomon, yposHu FOXC1 u
MMI-7 3HaunTeNnbHO NoBbIWeHbl NPy PM?K, 4TO AEMOHCTPUPYET MX 3HAUYMMOCTb B Kaye-
CTBE MONEKYNAPHbIX MHANKATOPOB W MNOTEHLMANbHbIX TOYEK BO3AENCTBUA B OHKONOTUN.
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T pesynbTaTbl NogYepKMBaloT 3HauMmocTb FOXC1 n MMI-7 npn pocTte onyxonu n no-
MOraloT B MONEKYNAPHON xapakTtepuctnke PMX B coobulectBe bacpbl. PekomeHpyeTtca
npoBecTy BanungaLuio 3Tux GoMapKkepoB 1 UCCeoBaTh UX KIIMHUYECKYHO LEHHOCTb B
6onee KpymnHbIX KOTOPTHbIX NCCIIeAOBaHNAX.

KnioueBble cnoBa: FOXC1, pak MoniouHo xenesbl, prbpoageHoma, MMI-7, qPCR

B INTRODUCTION

Globally, BC remains a predominant contributor to cancer-associated deaths, with
metastasis being the primary driver of poor clinical outcomes [1, 2]. Distant metastases
drastically lower five-year survival rates to about 27%, despite early-stage BC having
very favorable survival rates. In order to improve patient outcomes by early detection,
risk stratification, and focused treatment approaches, it is imperative to comprehend the
molecular pathways behind metastatic development [3].

Tumor cell invasion, intravasation into circulation, survival in the bloodstream,
extravasation at distant sites, and development of new tumors are all steps in the intricate,
multi-step metastatic cascade. Complex molecular networks that include inflammatory
mediators, proteolytic enzymes, and transcription factors coordinate this process [4, 5].

Forkhead box C1 (FOXC1) has been recognized as a pivotal molecular factor implicated
in the metastatic behavior of breast carcinoma. It actively promotes the epithelial-to-
mesenchymal transition (EMT), a fundamental biological process that enhances the
invasive and migratory properties of malignant cells [6]. Mechanistically, FOXC1 suppresses
epithelial markers while activating transcriptional programs that improve cell motility,
invasion, and resistance to apoptosis [7, 8]. According to clinical research, individuals with
BC who have higher levels of FOXC1 expression had worse prognoses, a higher risk of
metastases, and a shorter disease-free life. Moreover, basal-like breast tumors, which tend
to be more aggressive and have fewer treatment choices, are linked to FOXC1 expression
[6, 9, 10]. Matrix metalloproteinase-7 (MMP-7) is essential for the development of BC
because it breaks down extracellular matrix elements and promotes tumor cell invasion.
In contrast to other MMPs, MMP-7 cleaves a variety of matrix proteins, such as collagen
IV, laminin, and fibronectin, demonstrating a rather broad substrate specificity [11, 12].
In addition to degrading the matrix, MMP-7 processes growth factors and cell surface
proteins to activate pro-metastatic signaling pathways. In BC, enhanced expression
of MMP-7 has been associated with poor clinical outcomes, lymph node metastases,
and enhanced invasiveness [13]. The enzyme is a desirable biomarker for determining
metastatic risk because of its simultaneous involvement in both distant metastasis and
local invasion [14].

Accordingly, this study seeks to investigate the relationship between MMP-7 and
FOXC1 gene expression across different stages of BC and to compare these patterns with
those observed in fibroadenoma cases.

B MATERIALS AND METHODS

Study design

A total of 37 breast tissue biopsies were collected from patients diagnosed with BC
prior to receiving any treatment, during the period from January 2024 to January 2025.
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For comparison, 23 breast tissue biopsies were also obtained from patients diagnosed
with fibroadenoma within the same timeframe.

Inclusion criteria
1. Patients with newly diagnosed primary BC (Not receiving any treatment yet).
2. Patients with Fibroadenoma.

Exclusion criteria
1. Recurrent or metastasis BC.
2. Other malignancy.
3. Autoimmune disease.

Data Collection

After crossing data from the center with the hospital laboratory data the researcher
followed the confirmed cases by obtaining information from their related files. Data is
transported from each patient file into a prepared paper form (questionnaire) that was
prepared by the researcher and included the following:

1. Patients demographic data of Age, Parity and body mass index.
2. Past medical history: history of associated comorbidities including: hypertension,
diabetes, ischemic heart disease, thyroid disease, and others.

All samples were handled under standardized conditions as in Tuama et al. [15] and
applied immediately in a tube contain RNA later solution to ensure tissue integrity for
subsequent analyses. Utilizing the Vivantis Technologies Sdn Bhd kit (Malysia). Total
ribonucleic acid was purified from fresh biological tissue samples and FFPE followed
the instructions manuals by the manufacturer. Using the 5x RT Master Mix supplied by
Tinzyme Co., Limited (China), the synthesis of cDNA was performed on the isolated RNA
samples in the manner described by the manufactures. To determine the expression levels
of the FOXC1 and MMP7 genes, Quantitative real-time PCR utilizing SYBR Green dye was
employed to amplify the synthesized cDNA. using forward and reverse primers specific to
a gene (for both target genes) as Kong, et al. [16] B-actin, a housekeeping gene, served as
aninternal regulator for normalization. All reagents were supplied by Macrogen Company.
The program for the amplification of the genes of interest included in the current study
as follow: Denaturation at 95 °C, Annealing 60 °C for sixty second, then extension at 72
60 °C for sixty second with 40 rounds. The Ct evaluations for each target gene (FOXC1 and
MMP?7) as well as for the housekeeping gene (B-actin), were performed.

B RESULTS

The observations reported in this study regarding the age of the participants displayed
that the mean age of BC group (BC is 45 (27-76) year and the mean age of patients with
fibroadenoma (FA) is 35.3 (16-51) years. Regarding the BC group 20 patients within grade
Il (54.1%) while the remaining 17 diagnosed with grade Il 45.9%.

Demonstrated that FOXC1 expression levels were significantly higher in BC samples
when compared with FA specimens (P<0.05) as in figure 1A. The FOXC1 gene expression
in BC is 2.6 times higher than in group of FA, indicating a significant upregulation in BC
patients (P<0.05), (Figure 1B). SYBR green and MMP-7-specific primers were utilized to
comparatively evaluate the gene expression of MMP-7, which is implicated in numerous
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Fig. 1. A - The expression level of FOXC1 in both BC and FA samples; B - Fold change analysis of FOXC1;
C -The expression level of MMP-7 in both BC and FA samples; D - Fold change analysis of MMP-7
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Fig. 2. The association of MMP-7 gene expression with the grade of BC
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diseases. The findings demonstrated that MMP-7 expression was markedly elevated in
BC cases compared to fibroadenoma samples. after deducting the housekeeping gene
signal as in Figure 1C. Significant elevation of the MMP-7 gene in malignant breast tissue
is indicated by the about 4.4-fold increase in MMP-7 gene expression in BC as opposed to
fibroadenoma (FA) (Figure 1D).

MMP-7 overexpression is demonstrates a close association with the aggressiveness
and development of tumors (Figure 2).

B DISCUSSION

BC is regarded as a common malignancy among all other cancer kinds worldwide
[17]. The current study reported that females with BC had marked upregulation in the
expression of FOXC1 gene than those had fibroadenoma, this in agreement with Elian
et al. [18] and Wang et al. [19]. According to Elian et al. [18], members of the FOX family
are strongly associated with carcinogenesis, and some FOXC protein members have a
significant influence on the development and therapeutic resistance of malignancies.

The initial evidence highlighting the functional role and prognostic significance of
FOXC1 in malignancy was first introduced in BC research in 2010 [6]. Subsequent findings
have established that elevated FOXC1 expression, whether at the transcript or protein level,
serves as a statistically independent indicator of reduced survival rates and increased risk
of metastasis. Multiple studies have since substantiated the prognostic utility of FOXC1 as
a reliable marker for predicting adverse clinical outcomes [20].

According to earlier research’s patients with subtype that associated with the poorest
prognosis in breast malignancies, basal-like BC (BLBC), could be reliably identified by their
expression of FOXC1. Research has demonstrated that BLBC is a "hidden" diagnosis that is
not limited to triple negative breast tumors (TNBCs) and can occur regardless of receptor
profile status [6, 21].

Aggressive metastatic cancer characteristics are significantly influenced by FOXCIT.
FOXC1 has surfaced as a potential master regulator and marker for BC [21]. Patients with
bigger tumors and FOXC1 expression were more likely to experience distant metastases
or local recurrence, according to [22].

Among patients without lymph node involvement, elevated FOXC1 expression
correlated with an increased occurrence of pulmonary and cerebral metastases, as well as
a reduction in metastasis-free survival [9].

Matrix metalloproteinases (MMPs) comprise a group of zinc-dependent proteolytic
enzymes that facilitate the degradation of the extracellular matrix (ECM) and basal
membrane constituents. Normal processes like tissue remodeling throughout
development depend on MMPs, but they can promote pathologic states like tumor
invasion and metastasis [23].

Fibroadenomas, on the other hand, are benign fibroepithelial tumors that typically
exhibit low proliferative activity and lack the aggressive behavior linked to FOXC1
overexpression in malignancies [24-26].

Studies of the gene expression of fibroepithelial tumors, such as fibroadenomas, show
that their molecular profiles are very different from those of malignant tumors, and that
indicators such as FOXC1 have not been linked to the prognosis or progression of these
tumors. Furthermore, FOXC1’s function as a predictive biomarker in this benign setting
is unknown, and fibroadenomas often do not significantly raise the risk of BC, with the
exception of extremely uncommon complex instances [9, 24].
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MMP expression is typically relatively low under normal circumstances, Elevated levels
of matrix metalloproteinases (MMPs) have been observed across multiple cancer types
and are linked to enhanced tumor growth and cellular proliferation [25, 26].

This research investigated the expression levels of the MMP-7 gene in individuals
diagnosed with BC. was significantly higher as compare with fibroadenoma p<0.05, but
no significant association with the grade of tumor due to small sample size.

Many investigations have consistently found that BC cells and tissues have elevated
MMP-7 expression. The aggressive form of the illness is closely associated with this
overexpression [27].

In almost all solid cancers, Elevated matrix metalloproteinase expression has been
associated with reduced overall survival. Research has also demonstrated a strong
correlation between increased MMP expression and tumor aggressiveness. For instance,
elevated levels of several MMPs, including MMP 7, have been linked to distant metastases
from BC [28].

Research has demonstrated that the proliferation and spread of tumor cells may
be effectively suppressed through downregulating MMP-7. Additionally, it has been
demonstrated that lowering MMP-7 elevated level of apoptosis, which restores a vital
process for eradicating malignant cells, and decreases drug resistance, which makes
cancer cells more vulnerable to traditional chemotherapies [29, 30].

Future treatment plans are more likely to include combination techniques due to the
complexity of BC and its propensity to become resistant to single treatments. By enabling
lower doses of individual drugs, integrating MMP-7 inhibitors with currently available
targeted treatments, chemotherapy, or immunotherapy may provide synergistic benefits,
improving therapeutic efficacy, and reducing resistance mechanisms [13].

Cancer research has looked into MMP inhibition in great detail. Natural proteins called
tissue inhibitors of metalloproteinases (TIMPs) selectively block MMPs [12]. Regarding
Fibroadenoma which is a benign disorder, and there is no indication that overexpression
of MMP-7 affects its prognosis or course.

Although earlier research has demonstrated that FOXC1 promotes cancer cell invasion
and metastasis, its exact mode of action is unknown. The induction of EMT by FOXC1
expression may be the cause of the higher invasive capacity that FOXC1 imparted in
earlier investigations Nonetheless, the research presented here shows that, even in the
absence of EMT, FOXC1 May increase the invasiveness of breast epithelial cell lines [31].

The potential of FOXC1 overexpression to cause invasion and the strong association
between MMP7 and FOXC1 expression in in both BC cellular models and tumor tissues
indicated that FOXC1 controls MMP7 expression had been provide by Steven et al. [32]
and they confirmed that FOXC1 overexpression significantly increased the amount of
MMP?7.

Han et al. [33] reported that FOXC1 increased matrix metalloproteinase-7 (MMP7) and
WNT5A in TNBC cells. The overexpression of MMP7 by FOXC1 is mediated by WNT5A, and
the FOXC1-induced invasive behavior of TNBC cells under in vitro conditions depends on
the WNT5A-MMP7 axis. NF-kB and MMP7 are key components of the FOXC1-associated
triggering of alternative WNT5A pathway, which is crucial for TNBC cell invasiveness and
has implications for creating a successful treatment for the disease. Furthermore, Han et
al. demonstrated that high levels of FOXC1 serve as a prognostic indicator of unfavorable
clinical outcomes across various cancer types [33]. However, different authors from Iraq
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didn’t such modalities in breast cancers [34-38], gastric cancer [39], CNS tumors [40], anal
tumors [41], colorectal cancers [42-44], head and neck carcinoma [45-48], endometrium
cancer [49], and ovarian tumor [50].

B CONCLUSIONS

According to this study, patients in Basrah, South Irag, had considerably higher levels
of the FOXC1 and MMP-7 genes in their BC tissues when compared to samples of benign
fibroadenoma. The small sample size in this cohort is probably the reason why there
isn't a significant correlation between MMP-7 expression and tumor grade. However, the
significant overexpression of both genes in cancerous tissues highlights their potential
use in risk assessment and molecular characterization of patients with BC.
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