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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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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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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.

This cross-sectional study enrolled 70 women aged 1840
years in Baqubah City (Iraq), from September to November
2024. Participants were divided into two age-matched groups:
a control group (n=35, healthy nulliparous women) and a
patient group (n=35, physician-diagnosed breast cancer cases).
Blood samples were collected from both groups, processed
via centrifugation, and analyzed for key biochemical markers,
including the tumor antigen CA15-3, apelin, sex hormones
(estrogen, progesterone, etc.), and essential minerals (e.g.,
calcium, zinc). Statistical analysis revealed highly significant
differences (p < 0.001) in serum biomarker levels between
breast cancer patients and controls. Elevated CA15-3 and
altered apelin concentrations were observed in cancer patients,
alongside dysregulated sex hormones and mineral imbalances.
These findings underscore the potential diagnostic utility of
these biomarkers in breast cancer and highlight metabolic
disruptions associated with the disease. Further research is
warranted to validate their clinical applicability.

Key words. Apelin peptide, galectin-3, sex hormones, breast
cancer, minerals.

Introduction.

Breast cancer is caused by a variety of causes, but the most
significant ones are: environment, genetics, poor food, lack of
exercise, early age at first menstruation, late childbearing, or
not having children at all [1]. Additionally, by activating breast
cells, elevated blood levels of the hormones progesterone and
estrogen raise the risk of breast cancer [2]. Additionally, a rise
in the hormone prolactin raises the risk of breast cancer [3].
According to epidemiological research, the condition may be
linked to menopause, the use of contraceptives, and a family
history of breast cancer or other cancers [4].

More than 79-92% of individuals with advanced breast cancer
have increased CA15-3, one of the diagnostic markers. Its
application is highly helpful in identifying the patients' infection
stage, and its decline is marginally correlated with effective
therapy. As a result, it takes time to confirm that the antigen has
significantly decreased [5]. Because it encourages and has both
direct and indirect proliferative effects on breast cancer cells,
estrogen is a key factor in the development of breast cancer.
Through the activation of oncogenes and the stimulation of
enzymes and proteins involved in DNA synthesis, it may
directly cause tumors. Prolactin secretion and the synthesis
of growth factors like transforming growth factor, epidermal
growth factor, and non-growth factor peptides like plasminogen
activators can both have indirect effects [6].

One of the female hormones that plays a significant part
in controlling the menstrual and ovulation processes is
progesterone. The proliferative endometrium is changed into a
secretory endometrium by it. Follicle maturation and ovulation
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are prevented by this hormone's inhibition of the pituitary glands
gonadotrophin release. It is produced in the brain, uterus, and
ovaries and encourages the development of mammary glands.
It also relaxes the smooth muscles in the endometrium and
sustains pregnancy [7].

Because the peptide apelin is found in both fetal and adult
tissues, it has a very high level of effectiveness from the very
beginning of cardiovascular development until adulthood. As a
result, this system makes a significant and obvious contribution
to the expansion of physiological processes. Both the inner layer
of the arteries and veins, known as the tunica intima of the retinal
vessels, and the endothelial cells of the fetal vasculature exhibit
elevated and elevated expression of the APJ receptor [8]. The
notion that apelin is essential for endothelial cell proliferation
during embryonic development and physiological conditions
like breast and other tumors and malignant neoplasms, as well
as diabetic retinopathy, is strongly supported by these facts. In
the future, apelin may be used as an antiangiogenic to control
tumor growth and diabetic retinopathy and as a therapy against
angiogenic stimulation like ischemia [9].

Numerous kinds of minerals are useful and significant for
preserving the human body's health. They aid in the development
of bones and teeth, the regulation of bodily fluids both inside
and outside of cells, the transformation of digested food into
energy that the body requires for its many essential functions,
and the defense against malignant tumors [10]. It contains
calcium, potassium, and vitamin D. Vitamin D can be regarded
as a non-essential nutrient found in foods since it is gained by
prolonged exposure to sunshine [11]. The primary function of
vitamin D is to keep the blood's calcium levels balanced by
improving intestinal absorption and preserving the amount of
calcium and phosphate in the bones [12].

Since zinc's metabolic pathways offer several methods for zinc
to contribute to cancer, its immunological function is connected
to cellular signaling. Cancer cells are directly impacted by zinc
(Zn). It also has a significant impact on immune response and
tumor management, as well as the stability and functionality of
intracellular machinery linked to cell division [13]. Zinc may
be a biomarker that helps identify breast cancer early, which is
crucial for better outcomes for people with the condition. For
almost ten years, high zinc concentrations have been seen in
breast cancer tissue. The molecular alterations that cause zinc
metabolism are still unknown [14]. The current study sought
to determine how apelin and CA15-3 levels affected certain
biochemical variables in breast cancer patients in Baqubah city
(Iraq), who had high sex hormone levels and low mineral levels.

Materials and Methods.

Collection of specimens: Seventy women, ages 18 to 40,
participated in this study. Following a specialist doctor's
diagnosis, samples were taken from gynecological clinics
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and separated in private labs in Baqubah City (Iraq), between
September and November 2024. The samples were divided into
two groups:

Control group: This group included (35) blood samples from
healthy women (as a control group) after confirming that they
were nulliparous and within the same age group.

Patient group: This group included (35) blood samples from
women with breast cancer who had been diagnosed by specialist
doctors. Blood was then collected from the patient and healthy
group and separated by centrifugation. Biochemical parameters
were then measured, Including CA15-3, apelin, Sex hormones,
and Mineral levels. The patients signed a consent form, and
the study were approved by the Scientific Committee of the
department of Biology, College of Science, University of Diyala
(Iraq) with reference letter number (125) on 20.04.2025.

Estimating CA15-3, Galectin-3, and apelin levels in serum:
A pre-made test kit (supplied by MyBiosource, USA) was
used to measure the levels of apelin and CA15-3 in serum. The
sandwich method is used in the enzyme-linked immunosorbent
test (ELISA).

Estimating sex hormone levels in serum: Using a hormone
device (Minividas) and the procedures outlined in the pre-made
test kit (supplied by DRG International, USA) the levels of
progesterone and estrogen were determined. These differ based
on the manufacturer and from device to device.

Estimating Vitamin D levels in serum: A pre-made Kkits
(supplied by MyBiosource, USA) were used to determine the
vitamin level.

Estimating Zinc and Potassium levels in serum: Serum zinc
and potassium levels were determined using a diagnostic kit
supplied by Randox Laboratories (India).

Statistical analysis: At the probability level (p < 0.001), the
sick groups and a control group of healthy people were compared
using the Duncan's multiple range test in the statistical software
SPSS, Statistical Package for the Social Sciences.

Results.

The mean + standard deviation of the levels of biochemical
and diagnostic markers for breast cancer patients relative to
healthy people is displayed in the table below.

The current study's findings demonstrated that, at a probability
level of P < 0.001, the blood serum levels of CA15-3, apelin,
Galectin-3, Progesterone, K, and Estrogen were significantly
higher in breast cancer patients than in the control group, while
the levels of Vitamin D were significantly lower in both groups
(Table 1).

Table 1. Displays the blood serum's mean + standard deviation for the
studied samples.

Parameters Control Patients p value

CA15-3 (U/ml) 8.64+0.44 45.65+£14.43 P <0.001
Apelin (ng/ml) 1.01£0.92 2.12+1.15 P <0.001
Galectin-3 (ng/ml) 5.07+1.23 15.09+7.86 P <0.001
Estrogen (pg/ml) 160.97+£30.22  261.69+50.33 P <0.001
Progesterone (pg/ml) 0.61+0.18 1.22+0.41 P <0.001
Vitamin D (ng/ml) 45.18+6.11 15.72+£1.96 P <0.001
Zinc (mg/dl) 80.14 £ 6.96 5420+5.57 P<0.001
Potassium (umol/L) 4.24+£0.76 8.04 £0.92 P <0.001
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Discussion.

The most prevalent cancer in women and one of the leading
causes of mortality globally is breast cancer. As aresult, scientists
and physicians find it to be among the most concerning forms
of cancer. As a result, a number of diagnostic and predictive
indicators that aid in the early detection of breast cancer have
been discovered. The cancer antigen (CA15-3) is one of these
crucial indicators [16,17]. CA15-3 levels are higher in patients
with breast cancer. Both the findings of Li et al. [ 18], and Hamdi
et al. [17] were in agreement with our study's findings. They
noted that women with breast cancer have abnormally high
levels of the tumor marker CA15-3, which suggests a risk of
disease progression or recurrence. One of the most crucial
diagnostic markers for breast cancer is the CA15-3 test, and
variations in this test are mirrored in the disease state. Utilizing
tumor markers in clinical settings will result in more efficient
treatment. Accordingly, CA15-3 is a marker with intermediate
sensitivity and high specificity for distant disease metastases,
and the majority of research has shown that it is a significant
prognostic indicator for patients with breast cancer [19,20].

One of the peptides that is frequently present on the surface
of some cell types is apelin [21], particularly in organs such the
brain, adrenal gland, endothelium, liver, kidney, lung, adipose
tissue, digestive system, and human plasma [22]. Apelin has
a variety of purposes in organs, including the blood vessels,
where its receptors help regulate blood pressure and promote
the development of new blood vessels [23]. Since receptors
are typically found on the surfaces of osteoblast cells, apelin
is also present in bone [24]. Its high level in breast cancer
patients [25]. The increase can be attributed to apelin's effect
on insulin sensitivity, which can be enhanced directly through
internal cell signals and glucose consumption, or indirectly
through increased mitochondrial construction and the tension
between the tricarboxylic acid cycle (Krebs cycle) and fatty
acid oxidation [26]. Numerous inflammatory markers, including
TNF, IL-6, and insulin sensitizers, can cause changes in apelin
levels. Apesin is secreted through adenosine 5'-monophosphate,
which activates the active protein kinase (AMPK), causing
insulin resistance in the body and ultimately leading to certain
cancers, including breast cancer [27].

Given that Galectin-3 is a protein that is internally linked to
carbohydrates and plays a role in numerous cellular processes
[28], its findings were in line with those of Niang et al. [28] and
Shafiq et al. [29], who demonstrated in their study that patients
with breast cancer had high levels of Galectin-3 [30]. Depending
on the kind of cell and the stimuli, galectin-3 may be elevated or
lowered during apoptosis. Breast cancer cells that overexpress
callectin-3 become resistant to chemotherapeutic medications
[31]. Different malignancies exhibit dysregulation of galectin-3,
and the expression of this protein changes depending on the
location of the tumor. Breast cancer cells release Galectin-3 in
response to stressors such hypoxia and food restriction, and cell
survival is aided by the buildup of callectin-3 in the cytoplasm
[32].

Regarding sex hormones, the group of patients' serum levels
of estrogen significantly increased, which was in line with
the findings of Abdel Fattah et al. [33], who also reported an



increase in the hormone in the group of patients. It is thought
that the increase is due to estrogen's ability to effectively
stimulate the growth of breast cancer cells, because estrogen
attaches to its receptor, which functions as a transcription factor
and helps control cell division, normal cells that develop into
cancer cells frequently have ER in the nucleus, which promotes
the growth of cancer cells [34]. A key factor in the formation of
healthy mammary glands, ER activation triggers the activation
of particular pathways that are in charge of the proliferation
and differentiation of mammary cells. Conversely, aberrant cell
proliferation and the development and spread of breast cancer
are linked to altered ER signalling [35]. According to new data,
ER is expressed in 70% of breast malignancies [36].

The rise in the progesterone hormone was in line with the
findings of Yousif et al [38] and Ahmed et al. [37]. Progesterone
is thought to be the cause of the increase because it tends to
increase cell proliferation in breast tissue and has biphasic effects
on the spread of its cells. Depending on the cell content, it acts as
a primary initiator in activating growth promotion; for instance,
it increases growth factors that initiate signalling pathways
and factors like EGFR (epidermal growth factor receptor) and
associated factors, affects the proliferation of breast cancer cells
through these and proto-oncogenes, and increases the response
of breast cancer cells to growth factors[39], due to the fact that
progesterone prepares the reproductive system for the start and
maintenance of pregnancy [40].

Regarding mineral levels, the patient group's serum levels of
vitamin D significantly decreased, with findings in line with
those of Gonzalez-Fisher et al. [41]. According to Shekarriz-
Foumani et al. [42], the active metabolite of vitamin D is thought
to be the cause of the decline since it enhances the anticancer
effects of numerous cytotoxic and antiproliferative anticancer
drugs [43]. According to a prior study, vitamin D insufficiency
was linked to tumor size, stage, grade, nodal status, and Her2/
neu receptor expression, all of which had an adverse effect
on overall survival and disease-free survival in instances of
breast cancer [44]. Concern over dietary risk factors has grown
significantly. Eating a lot of fruits and vegetables that are low in
saturated fat may lower the incidence of breast cancer, according
to studies [45].

The conclusion of zinc insufficiency was consistent with
the results of both Rizk et al. [46] and Arinola et al [47]. The
precise involvement of zinc in cancer [49] and its correlation
with malignant tumors [58] are the causes of zinc deficiency.
Nonetheless, over 100 distinct metabolic processes are known
to require zinc [50]. By changing how histones F and F3 bind to
DNA, it affects RNA production, which is necessary for DNA
synthesis [51]. The significance of zinc in human cancer is
further supported by the fact that both zinc deficiency and zinc
supplementation have demonstrated stimulatory and inhibitory
responses to tumor growth. The zinc concentration in the serum
of breast cancer patients was found to be significantly lower
than that of the control group. The higher demand on malignant
tissues as a result of increased cell absorption and tumor enzymatic
activity may account for this decline in zinc levels [52].

According to our study's findings, a lower risk of breast
cancer was linked to both an increase in potassium intake
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overall and potassium intake from plant sources. Additionally,
a relationship between dietary potassium intake and the risk of
breast cancer was discovered, indicating that the risk of breast
cancer decreased with each 500 mg increase in potassium
intake. Increased potassium consumption produced results
that were in line with those of a case control study [53]. Given
that potassium can help lower the risk of chronic diseases, the
rise is thought to be caused by dietary potassium intake or the
consumption of foods high in potassium [54]. The primary
foods that contribute to potassium consumption are fruits,
vegetables, and dairy products [55]. The incidence of breast
cancer has been found to be inversely correlated with the diet
of non-starchy vegetables [56]. Foods high in potassium, like
yogurt, bananas, and tomatoes, have been shown to successfully
lower the incidence of lung cancer [57].

The limitations of the present study include the sample size is
small and restricted to single centre hindering the generalizability
of the data to broader populations. Being cross-sectional study,
the relationships between CA15-3, apelin, and biochemical
changes over time are irrational perhaps limiting their value for
prognostic follow-up. Non-controllable confounding parameters
(variations in treatment protocols, disease stages, and lifestyle
differences) potentially affecting the findings.

Conclusion.

The study concluded that breast cancer associated with
elevated serum CA15-3, apelin, estrogen, progesterone, and
potassium. However, vitamin D and zinc were reduced leading
to challenged outcome in patients with breast cancer.
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