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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This cross-sectional study enrolled 70 women aged 18–40 

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 

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 kits 
(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).

Discussion.
The most prevalent cancer in women and one of the leading 

causes of mortality globally is breast cancer. As a result, 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 

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 54.20 ± 5.57 P ≤ 0.001
Potassium (µmol/L) 4.24 ± 0.76 8.04 ± 0.92 P ≤ 0.001

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



68

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 González-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 

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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