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ARTICLE INFO ABSTRACT

The study involved measuring the concentration levels of Gremlin-1,
Galectin-3, and oxyntomodulin in the serum of women with breast cancer.
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from healthy individuals. The results showed that the levels of Gremlin-1

and Galectin-3 are elevated in women with breast cancer, with significant
Keywords differences with P < 0.0003 and P < 0.0004, respectively. Meanwhile, the
level of oxyntomodulin is decreased in women with breast cancer
compared to the control group, with significant differences (P < 0.007).
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Gremh.n 1 Conclusion: The study revealed that the concentration levels of Gremlin-1
Galectin-3 ; e . :

. and Galectin-3 are significantly elevated in women with breast cancer
Oxyntomodulin

compared to healthy individuals, while the level of oxyntomodulin is
decreased. These findings suggest that these biomarkers may have
potential as diagnostic markers for breast cancer. Further research is
needed to determine the specific roles of these biomarkers in breast
entedharr@tu.edu.iq cancer development and progression and to explore their potential as
targets for treatment. Overall, this study highlights the importance of
biomarker analysis in improving our understanding and management of
breast cancer.
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INTRODUCTION

Breast cancer (BC) is considered one of the most widespread types of cancer and one of the main
causes of death after lung cancer.! It represents about 2 million cases each year.2 Breast cancer
develops when its cells grow abnormally, forming tissue masses due to the rapid division and
multiplication of cells; these masses are known as tumours. The tumour may be invasive or non-
invasive, and it usually begins in the lobules or milk ducts.3 In the early stages of the disease, patients
with breast cancer do not show any symptoms that could lead to diagnosis because the tumour is
usually small at the beginning. However, as the tumour grows, it can be felt and detected through its
size.* Patients with breast cancer suffer from fatigue, anxiety, and depression.5 Several factors are
considered in treating breast cancer, such as the stage of the tumour, the patient's age, and hormones.
More than one method can be used to treat breast cancer at the same time. If the tumour is detected
early, the breast can be surgically removed, and radiation therapy is used to eliminate any remaining
active cancer cells. If the tumour is large and has spread to the lymph nodes, chemotherapy, hormone
therapy, and targeted therapy are added to the treatment plan.6?
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Gremlin-1 is a novel adipokine, a glycoprotein with a molecular weight of approximately 20.7 KDa
that belongs to the Cerberus family in the DNA or cluster of differentiation (CD8).85! It is a member
of the cystine knot proteins family, which includes transforming growth factor-f (TGF-f) and
vascular endothelial growth factor (VEGF). It also acts as an antagonist for bone morphogenetic
proteins (BMPs), especially BMP4 and BMP2, and participates in embryogenesis, bone formation, and
organ development.® GREM-1 is associated with cellular division and the formation of substructures
in lung development and kidney formation. Abnormal expression of GREM-1 in adults is linked to
facial and oral clefts, arthritis, spontaneous bone fractures, as well as liver, lung, and kidney fibrosis.10
Gremlin-1 is a protein that acts as an antagonist to the BMP family. It binds to the BMP2 protein to
regulate the BMP signalling pathway, which consists of 184 amino acids and contains a cystine knot,
a cysteine-rich area. The first 24 amino acids function as a signal peptide, while the cystine knot is
located between amino acids 94-184. The GREM-1 gene is located on chromosome 15q13-q15.11

Galectin-3 is found in the lungs, heart, stomach, adrenal gland, ovary, and uterus, and it is the only
chimera-type member of the callectin family.12 Callectin-3 is encoded by the LGALS3 gene located on
chromosome 14 at the q21-22 location, which contains 6 exons and 8 introns. The callectin-3 gene
contains its regulatory element called galig, which is found in the second intron of the LGALS3 gene.13
Callectin-3 was formerly known as Carbohydrate-binding protein-35, Mac-2 antigen, IgE-binding
protein, and Lectin L-29.1450 Callectin-3 is a lectin discovered in the 1980s in cancer cells and has
been studied in various organs and diseases associated with it. It consists of 251 amino acid residues
and is a glycoprotein that belongs to the lectin protein family, with a molecular weight of 29-35 KDa.
It is composed of three domains: the CRD domain, a collagen-like sequence, and the N-terminal
domain. The CRD domain consists of 130 amino acids rich in the amino acids Asp-Trp-Gly-Arg, which
is a polypeptide binding domain with carbohydrates. The CRD of Galectin-3 interacts with various
proteins containing carbohydrates, leading to the activation of different signalling pathways. The
collagen-like sequence binds the CRD to the N-terminal domain and consists of nine collagen-like
sequences (rich in proline and glycine), which can be cleaved by the metalloproteinase enzymes
MMP-2 and MMP-9. The short N-terminal domain is composed of 12 amino acids and contains a
serine phosphorylation site to control its transport between the nucleus and cytoplasm.!s

Oxyntomodulin is a peptide hormone from the incretins family with a molecular weight of
approximately 44.499 kDa. It is secreted by enteroendocrine L-cells located at the end of the ileum
and colon, and was discovered in 1981.16 Oxyntomodulin is produced through the conversion of pre-
pro-glucagon to pro-glucagon by PCSK1 (Subtilisin/kexin type 1 pro-protein), leading to inhibition
of glucagon secretion, reduced caloric intake, increased energy expenditure, and consequently
weightloss.1” Composed of 37 amino acids derived from pro-glucagon, oxyntomodulin is synthesized
and secreted by L-cells in the intestines in response to caloric intake.18 It is named for its ability to
regulate gastric acid secretion in the gastric acid glands.1® Oxyntomodulin binds to and activates both
the glucagon receptor (GCGR) and the glucagon-like peptide-1 receptor (GLP-1R), making it a dual
agonist for GCGR and GLP-1R receptors.2® There is no specific receptor for oxyntomodulin; it
activates the glucagon receptor, though less effectively than natural glucagon due to the presence of
an octapeptide tail, which also allows for activation of the GLP-1 receptor but with less efficacy than
natural GLP-1.2149 Moreover, the octapeptide tail reduces the clearance of oxyntomodulin from the
bloodstream compared to glucagon.22 Oxyntomodulin is secreted from the intestines along with GLP-
1 in response to nutrient intake.23 [t reduces food intake, increases energy expenditure, leads to body
weight reduction, and acts as an appetite suppressant.2+
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MATERIALS AND METHODS

After withdrawing 5 mL of blood from women attending the hospital using a 5 mL medical syringe,
the blood samples were placed in dry, clean gel tubes and left for 15 minutes at room temperature.
Then, the samples were centrifuged for 15 minutes at a speed of 3000 rpm for separation. Serum was
drawn using a micropipette, the sediment was discarded, and serum samples were distributed into
small amounts in Eppendorf tubes and stored at a temperature of -20°C until testing.

The concentration of GREM-1, Gal-3 and OXM in the serum of women with breast cancer was
measured using the ELISA technique with a standard kit produced by Fine Test (Chinese). The
method included the steps provided by the manufacturer.

The results of the study were statistically analyzed using the SPSS statistical program, utilizing the
ANOVA test. The mean values of the parameters were compared using Duncan's multiple range test
at a significance level of (P < 0.05) significant, (P > 0.05) not significant. Results were expressed in
percentage ratios and the mean * standard deviation. Microsoft Excel was also used to create graphs,
charts, and tables.

RESULTS

The study included 60 cases of women with breast cancer. Additionally, it included 30 samples from
a control group, used as a comparative group, with ages ranging from 20 to 65 years.

The results showed that the gremlin concentration in women with breast cancer was 5.45 + 1.93
ng/ml, and the concentration in the control group was 4.22 + 0.649 ng/ml. Statistical analysis
revealed significant differences at the probability level of P < 0.0003, indicating an increased
concentration level of gremlin-1 in women with breast cancer compared to the control group (Table
1).

The results indicated that the galectin-3 concentration in women with breast cancer was 415.1 £ 61.4
pg/ml, and the concentration in the control group was 315.5 * 49.2 pg/ml. Upon conducting
statistical analysis, significant differences were observed at the probability level of P < 0.0004,
indicating an increased concentration of galectin-3 in women with breast cancer compared to the
control group (Table 1).

The results showed that the oxyntomodulin concentration in women with breast cancer was 149.0 =
27.7 ng/ml, and the concentration in the control group was 177.6 + 31.0 ng/ml. Statistical analysis
indicated significant differences at the probability level of P < 0.007, with a decrease in the
oxyntomodulin level in women with breast cancer compared to the control group (Table 1).

Table 1. Serum GREM-1, Gal-3, and OXM concentrations of women with breast cancer and healthy women

Parameters Control (n=30) Patients (n=60) Pvalue
GREM-1 (ng/ml) 4.22 +0.649 45+1.93 0.0003
Gal-3 (pg/ml) 315.5+49.2 415.1+ 61.4 0.0004
OXM (ng/ml) 177.6 +31 149.0 £ 27.7 0.007

Data expressed as mean * standard deviation, Unpaired two sample
t-test used with significance considered at a p-value of 0.05
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The results we obtained were analyzed by performing the Receiver Operating Characteristic (ROC)
curve analysis, which is based on several values including:

ROC curve for gremlin-1 level: The AUC value is 0.869 and the Cut-off value is greater than 4.2185
ng/ml, with a sensitivity of 85.0%, while the specificity was 76.7%. The study results suggest that the
accuracy of the AUC was excellent for the level of Gremlin-1 and that a Cut-off value higher than
4.2185 ng/ml could be considered a diagnostic indicator of the disease with very good sensitivity.

ROC curve for galectin-3 level: The AUC is 0.787 and the Cut-off value is higher than 385.4677 pg/ml,
with a sensitivity of 51.7%, while the specificity was 93.3%. The current results show that the
accuracy of the AUC was excellent and that the Galectin-3 value may serve as an important diagnostic
indicator when its concentration exceeds 385.4677 pg/ml, with acceptable sensitivity and excellent
specificity.

3.4.3. ROC curve for oxyntomodulin level: The AUC is 0.653 and the Cut-off value is less than or equal
to 187.9832 ng/ml, with a sensitivity of 98.3%, while the specificity was 46.7%. The study results
suggest that the accuracy of the AUC was excellent for the level of oxyntomodulin and that a value
lower than 187.9832 ng/ml could be considered an important diagnostic indicator of breast cancer
with excellent sensitivity (Figure 1).

Gremlin-1 (ng/ml) Galectin-3 (pg/ml) Oxyntomodulin (ng/ml)
100 100 L 100 5 p—r
I r Sensitivity: 98.3
[ Specificity: 46.7
L P b Criterion: £187.9832
i ,::A:g 7 80~ 80 [
riterion: >4.2185 [
2 z L Z el
£ 5 60 £ o
3 T | e 3
£ g meaity: 3.3 e |
& (7] ftorion: >385.4677 | n 40
20
AUG = 0.869 AUC = 0.787 [ AUC = 0653
P <0.001 P <(.001 { P=0035
1 | T L 1 | 1 1 [l 1 1 1 I
40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity 100-Specificity

Figure 1. ROC analysis of measured parameters.
DISCUSSION

The elevated levels of Gremlin-1 and Galectin-3 in women with breast cancer suggest their potential
as diagnostic markers, with their significant differences demonstrating their potential for early
detection. On the other hand, the decreased levels of oxyntomodulin in women with breast cancer
may indicate its potential as a prognostic marker for disease progression.

The results indicated that the concentration level of Gremlin-1 increased in women with breast
cancer compared to the control group. These results are in agreement with the findings of Park et al.
(2020), and his group, which demonstrated that the level of Gremlin-1 is elevated in cells and tissues
of women with breast cancer, particularly in those with estrogen receptor-negative breast
tumors.2546 Decreased expression of Gremlin-1 protein inhibits the proliferation of breast cancer
cells and tumour growth, while increased expression of the protein enhances the growth potential,
proliferation, and metastatic ability of cancer cells. These findings are also consistent with the results
of Kim et al. (2020) and his team, which studied the role of Gremlin-1 in glycolysis in breast cancer

725



Mohammed et al. Study of Serum Gremlin-1, Galectin-3, and Oxyntomodulin

cells and the processes it mediates.2652 Ghanbari et al. (2019) study showed that breast cancer cells
with high Gremlin-1 secretion increase glucose uptake and lactate production through glycolysis,
leading to a decrease in pH within the tumour environment, a distinctive hallmark of cancer growth
and development, such as the oxidative tumour environment, tumour growth, and dissemination.2?
To date, studies explaining the effect of Gremlin-1 on the growth and spread of cancer cells are
limited. Some studies have found that transforming growth factor-f3 (TGF-[8) increases the level of
Gremlin-1. Additionally, activation of nuclear factor-kB signalling by reactive oxygen species also
increases the level of Gremlin-1.28 Gremlin-1 is also widely expressed in cells and tissues associated
with tumours and is one of the genes that is markedly elevated in the connective tissue associated
with breast tumours, especially in cancer-associated fibroblasts (CAFs) in basal cell carcinoma. Some
studies have found that Gremlin-1 derived from CAFs promotes the spread of breast cancer cells.2?

The study's findings are in line with the results of Ibrahim (2023)30 and his group, Shafiq et al.
(2020)31 and Patel et al. (2021),32 which showed that the level of galectin-3 is elevated in women with
breast cancer. Galectin-3 is a carbohydrate-binding protein soluble in water and influences various
cellular processes.33 The levels of galectin-3 depend on the cell type and stimulants, and an increase
in galectin-3 protein concentration in breast cancer cells makes them resistant to chemotherapy.3447
Conditions of stress such as hypoxia, poor nutrition, and the accumulation of galectin-3 in the
cytoplasm lead to increased concentrations of galectin-3 in breast cancer. Galectin-3 is produced in
the nucleus, cytoplasm, and extracellular matrix and is of significant importance in breast cancer
because it enhances the interaction between cellular components and the extracellular matrix, which
increases tumour spread.3545 Galectin-3 has multiple biological functions; it can be distributed inside
and outside the cells and includes abnormal cell division, migration, angiogenesis, cell interaction,
differentiation, tumour progression, apoptosis, adhesion, and epithelial-mesenchymal transition.3643

The results demonstrated that the concentration level of oxyntomodulin decreases in women with
breast cancer compared to the control group. These findings align with the results of Faiq (2020)37.44
which indicated a decrease in oxyntomodulin levels in women with breast cancer in comparison to
the control group.

Oxyntomodulin is produced from pre-proglucagon and is a peptide that can bind with the glucagon
receptor (GCGR) and the glucagon-like peptide-1 receptor (GLP-1R).38 Oxyntomodulin consists of the
original oxyntomodulin, derived forms, and oxyntomodulin analogues, containing the amino acid
sequence H-S-Q-G-T-F-T-S-D-Y-S-K-Y-L-D-S-R-R-A-Q-D-F-V-Q-W-L-M-N-T-K-R-N-R-N-N-]-A.39.48
Oxyntomodulin has been studied for the treatment of obesity, hyperlipidemia, and fatty liver disease.
Researchers found that derived oxyntomodulin is more effective than the original form in reducing
blood lipid levels; therefore, it can be used as an effective treatment for hyperlipidemia. Derived
oxyntomodulin also has a high capacity to activate GLP-1R, assisting in lowering blood cholesterol
levels and triglycerides that increase due to a high-fat diet.*0 Oxyntomodulin is used in the treatment
of diabetes, where oxyntomodulin analogues show a greater ability to activate the GLP-1R, promoting
the expansion of beta cells, increasing insulin secretion, and thus reducing blood sugar levels.
Oxyntomodulin analogues also help reduce body weight and suppress appetite, which in turn helps
maintain normal blood glucose levels. Oxyntomodulin is used for weight reduction by decreasing
food intake and aiding in fat breakdown.*! Hence, oxyntomodulin plays an important role in reducing
the risk of breast cancer since obesity is one of the risk factors for the disease, in the future,
oxyntomodulin may be used as a treatment in controlling breast cancer as it regulates body weight
and is one of the important factors in preventing obesity.42
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CONCLUSION

In conclusion, the serum concentration levels of Gremlin-1, Galectin-3, and Oxyntomodulin show
significant potential as biomarkers for breast cancer. Higher levels of Gremlin-1 and Galectin-3
alongside lower levels of Oxyntomodulin in patients compared to a healthy control group provide a
foundation for using these biomarkers in diagnosis. The Receiver Operating Characteristic (ROC)
curve analysis confirms the diagnostic accuracy of these biomarkers, with Gremlin-1 and Galectin-3
demonstrating high AUC values and Oxyntomodulin showing very high sensitivity. These biomarkers,
therefore, could become essential tools in early detection and could also serve as indicators of disease
progression. The study also suggests therapeutic implications, particularly with the derived forms of
Oxyntomodulin, which have been effective in metabolic regulation—a significant factor considering
the link between obesity and breast cancer. This points to the potential for targeted therapeutic
interventions that take advantage of these findings. Moving forward, further exploration into the
roles of these biomarkers could enhance our understanding of breast cancer's prognosis and
treatment, ultimately leading to improved patient care.
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