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Abstract

Background: Breast cancer (BC) is the most prevalent and life-threatening
form of cancer, with a high rate of mortality. Myeloid-derived suppressor
cells (MDSCs) are a heterogeneous population of immature myeloid cells
that overexplicitly proliferate in cancer and have potent immunosuppressive
capacity. In the meantime, murine double minute 2 (MDM?2) is also known to
play an oncogenic role, especially in the development of breast cancer.
Objective: This paper was designed to evaluate MDSCs and MDM2 as
possible indicators to distinguish between patients with BC prior to treatment
and healthy persons.

Methods: In this case-control study, a total of 90 participants were enrolled,
including 65 newly diagnosed, untreated breast cancer patients (cases) and 25
healthy individuals (controls). All patients were recruited from the Oncology
Teaching Hospital in Baghdad, Irag. The enzyme-linked immunosorbent
assay (ELISA) is used to measure the total levels of both MDSCs and MDM2
in peripheral blood.

Results: The results of the current study indicated that the serum level of
MDSCs was highly significant in breast cancer patients before receiving
therapy (P<0.001) compared with healthy controls. Furthermore, the MDM2
was also more elevated in BC patients than in healthy controls (P<0.05).
Conclusion: In conclusion, the study found a highly significant difference in
serum MDSCSs in BC patients before treatment compared to the control. We
also observed elevated levels of MDM2 in BC patients, which we attributed
to the onset of cancer.

Keywords: Breast cancer, Myeloid-derived suppressor cells, Murine Double
Minute 2
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Introduction:

Breast cancer (BC) is the most frequently diagnosed malignant tumor among
women worldwide and stands as the primary cause of death related to
malignant tumors (Smolarz et al., 2022). The development and progression of
breast cancer are largely driven by intrinsic genetic and signaling pathway
alterations within tumor cells, as well as by extrinsic disturbances related to
the tumor immune microenvironment (Fonseca-Montano et al., 2023).
Myeloid-derived suppressor cells (MDSCs) are a form of suppressor cell that
stops the immune system's ability to mount an anti-tumor response by either
suppressing or inhibiting cells from responding to the tumor in ways that
would lead to the death of the tumor cell (Gatti-Mays et al., 2019). All of
these components create an environment in which the tumors can develop,
evade, and spread rapidly.

MDSCs, a diverse assemblage of immature myeloid cells (IMCs), are integral
to the immune cell network (Cha & Koo, 2020). MDSCs are produced out of
a reservoir of myeloid progenitors, as well as other immature myeloid cells
that are yet to undergo differentiation. Under normal physiological states,
these IMCs rapidly develop into mature granulocytes, monocytes, and
dendritic cells, which thereafter migrate to different tissues and organs to
perform their normal immune functions (Gabrilovich et al., 2012; Geissmann
etal., 2010; Q. Li et al., 2004; Veglia et al., 2018). In diseases such as cancer,
myeloid progenitor cells fail to develop, and they remain at various levels of
differentiation and are transformed to MDSCs with the ability to suppress
immunity (Condamine et al., 2015; Gabrilovich & Nagaraj, 2009; Ostrand-
Rosenberg & Sinha, 2009). The mechanisms by which MDSCs contribute to
the progression of tumors are multiple immunosuppressive effects, including
the depletion of metabolites, the generation of reactive oxygen species
(ROS), and the release of a wide range of cytokines, as well as non-
Immunosuppressive ones, such as epithelial-mesenchymal transition (EMT),
the increase of tumor cell stemness, and the induction of tumor
vascularization (K. Li et al., 2021).

Murine double minute 2 (MDMZ2) is a normal protein that usually acts as a
significant controller of the tumor-suppressing protein p53 (Zafar et al.,
2023). MDM2 plays a role in multiple biological processes, including Cell
Proliferation, angiogenesis, metabolic reprogramming, and the prevention of
apoptosis, which can lead to the transformation of a non-malignant cell into a
malignant one and aid in the development of cancerous tumors and the
subsequent spread of the cancerous tumor to other areas of the body (Haupt et
al., 2017). In addition to its role in relation to p53, MDM2 has numerous
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functions that do not involve the p53 protein; it regulates many other
molecular targets in a variety of ways that include transcriptional regulation,
post-translational modification, protein degradation, cofactor interaction, and
changes in subcellular localization (Bohlman & Manfredi, 2014).

This study aimed to assess MDSCs and MDM?2 as potential immunological
biomarkers for differentiating between patients with BC before therapy and
healthy individuals.

Methodology:

Study Design

This research employed a comparative case-control study design to
investigate the serum levels of MDSCs and MDMZ2. The study was
conducted at the Oncology Teaching Hospital (Baghdad, Iraq) and involved
65 newly diagnosed, treatment-naive breast cancer cases and 25 healthy
controls. This design was selected to determine if significant differences exist
between these two groups, allowing for the evaluation of these markers as
potential diagnostic indicators. This investigation comprised BC and control
females of various regions of Irag.

sample collection

Peripheral blood (5.0 ml) was collected from newly diagnosed breast cancer
cases before receiving therapy (n = 65) and healthy controls (n = 25) to
evaluate MDSCs and MDM2. Clinic-pathological feature data, including age,
sex, family history, tumor stage, smoking and alcohol, and histological and
immunohistochemical classification, were collected under the supervision of
an oncologist at the Oncology Teaching Hospital (Baghdad, Iraq).

Inclusion and exclusion Criteria

Women newly diagnosed with breast cancer (BC) and enrolled in the study
underwent clinical and laboratory examinations, including clinical breast
examination, medical imaging (mammography and ultrasound), and various
biopsy tests considered the gold standard, such as fine needle aspirate
cytology (FNAC) and true-cut biopsy techniques. Patients with BC who have
already received therapy were excluded.

Measurement of MDSCs and MDM2

The concentrations of myeloid-derived suppressor cells (MDSC) and
myeloid-derived suppressor cell (MDM 2), as well as their respective
proportions, were assessed using double antibody sandwich enzyme-linked
immunosorbent assay (ELISA) kits. The procedure was performed by adding
both the standards and the sample to a well that has been pre-coated with an
antibody against the target, followed by adding an HRP conjugated reagent to
create an immune complex. Following incubation and removal of all unbound
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components through washing, substrates A and B were added. The intensity
of the final color was directly proportional to the concentration of MDSCs or
MDM2 in the sample. These two ELISA Commercial test kits are from
Shanghai Coon Koon Biotech Co., Ltd. The MDSC ELISA kit (Cat. No:
[CK-bio-27691]) exhibited a sensitivity of [10.0 pg/ml] with a Standard
Curve range [20 pg/ml - 2000 pg/ml]. The MDM2 ELISA kit (Cat. No: [CK-
bio-21601]) demonstrated a sensitivity of [0.1 ng/mL] and Standard Curve
range [1 ng/mL - 20 ng/mL]. The kits were validated by the manufacturer for
high specificity with no significant cross-reactivity with other soluble
proteins. Intra-assay and inter-assay coefficients of variation (CV) were
maintained at <7% and <10%, respectively, to ensure reproducibility.
Standard curves were generated for each individual run to confirm
guantitative accuracy. Optical density (OD) was measured at 450 nm using a
spectrophotometric microplate reader.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows,
Version 27.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
examined for accuracy and normality prior to analysis. Data are presented as
mean = standard deviation (SD). All statistical tests were two-tailed, and a p-
value < 0.05 was considered statistically significant. The results are reported
with corresponding t-tests and p-values, in accordance with standard
statistical reporting guidelines for biomedical research.
Results:
1-Determining the level of MDSCs
According to the results, the patient group's average MDSC concentration
was highly significant in the patient group (1120.32 = 110.84) compared to
the control group (1007.01 + 78.83). As indicated in Table (1), the t-test
value of (5.42) and the associated P-value verify that this difference is
statistically significant (P<0.001).

Table 1: Comparison between patients and control groups in MDSCs.

Group Mean £SD of MDSCs
Patients 1120.32 £110.84
Control 1007.01 + 78.83
T-test 5.42
P-value <0.001
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2-Determination the level of MDM2

The results from the ELISA technique indicated that MDM2 concentrations
were higher in the test group compared to the healthy control, with significant
differences observed between the two groups (P<0.05), as shown in Table
().

Table 1. Comparison between patients and control groups in MDMZ2.

Group Mean £SD of MDM?2
Patients 7.61+1.78
Control 6.69 +1.31
T-test 2.35

P-value <0.05

Discussion:

MDSCs are crucial in tumor development due to their immunosuppressive
capabilities (K. Li et al., 2021). As a result of hematopoietic stem cell
differentiation, the production of cytokines and chemokines by tumors has
led to abnormal proliferation of immature bone marrow cells (Karin, 2020;
van Vlerken-Ysla et al., 2023; J. Zhou et al., 2018). Immature bone marrow-
derived cells are able to suppress T cells, NK cells, and dendritic cells (DC)
through the release of reactive oxygen/nitrogen species (ROS/RNS) and other
immunosuppressive factors and evade immune detection by the use of
exosomes (De Cicco et al., 2020; Gabrilovich & Nagaraj, 2009; Groth et al.,
2019; He et al., 2025). Studies have also shown that MDSCs also have non-
immune tumorigenic functions, such as stimulating the EMT, tumor
angiogenesis, and the formation of premetastatic niches that are favorable to
tumor growth and metastasis (Cai et al., 2021; Cheng et al., 2021; Zhang et
al., 2023). Numerous studies have demonstrated that MDSCs may be useful
as prognostic markers for cancer progression and treatment response,
particularly as a predictor of response to immune checkpoint inhibitors
(Genova et al., 2021; Park & Youn, 2019; Salvia et al., 2024). Furthermore,
MDSCs are becoming recognized as potential therapeutic targets for cancer
therapy (Barry et al., 2023; Nourbakhsh et al., 2021; Okla et al., 2018).

The current study's results indicated that MDSCs were significantly elevated
in the BC prior to therapy when compared to the control group (P<0.001), as
illustrated in Table (1). This study aligns with multiple studies demonstrating
the enrichment of MDSCs in peripheral blood (Diaz-Montero et al., 2009;
Markowitz et al., 2013). Also, Foulds et al. (2018) demonstrated that an
increased percentage of immunosuppressive cells such as MDSCs was
observed in patients with BC (Foulds et al., 2018). Additionally, a separate
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study found that preoperative and recurrent breast cancer patients had
elevated levels of MDSC concentrations compared to postoperative,
chemotherapy-treated recurrent breast cancer patients and healthy controls
(Gonda et al., 2017). A further study shows a decrease in MDSCs levels in
the peripheral blood of patients with metastatic BC after chemotherapy
(Gonda et al., 2012).

In normal cells, MDM2 is necessary for maintaining cell viability; however,
when overexpressed in tumor cells, it interferes with the tumor-suppressive
activity of p53 (Lu et al., 2020). It accomplishes this in two main ways: first,
it binds to the transactivation domain of p53 and stops it from interacting
with DNA. Second, it serves as an E3 ubiquitin ligase, which speeds up the
ubiquitination and breakdown of p53 by the proteasome (Lu et al., 2020). In
addition, the key factor that initiates the development of blood vessels under
normal and abnormal conditions is Vascular endothelial growth factor
(VEGF) (Apte et al., 2019). VEGF benefits cancerous tissue in facilitating
angiogenesis within solid tumor. A close relationship between high levels of
VEGF and MDM2 has been determined by researchers. This implies that
MDM?2 is significant in angiogenesis mediated by VEGF (S. Zhou et al.,
2011). Moreover, it is also known that epithelial-to-mesenchymal transition
(EMT) plays a vital role in tumor metastasis and helps make tumor cells more
mobile and penetrating into the surrounding stromal tissue (Sun et al., 2023).
Researchers propose that MDM2 can promote EMT by increasing
transcription factors that can regulate it (Ou et al., 2021).

In the present research, findings revealed that the level of significant MDM2
as an oncogene prior to the therapy was high in the majority of the patients
with BC (P<0.05) as indicated in (Table 2). This research paper concurs with
a previous study that suggested that MDM?2 is commonly overexpressed in
BC, thus promoting tumor growth, invasiveness, and resistance treatment
(Haupt et al., 2017; Zhao et al., 2014). Additionally, it was also shown that
MDM?2 activity is required to keep healthy cells alive and its overexpression
in cancer cells hampers the tumor suppressor activity of p53 (Lu et al., 2020).
In another study, it was discovered that MDM2 overexpression enhances the
process of angiogenesis and forms a favorable angiogenic environment, thus
increasing the motility and invasiveness of tumor cells (Venkatesan et al.,
2018). Nevertheless, changes in the level of MDM2 expression may result in
uncontrolled proliferation (Zafar et al., 2023).

The current study utilized a cross-sectional design at a single time point
(prior to therapy). Consequently, we could not monitor how MDSC and
MDM2 levels fluctuate during or after treatment (e.g., chemotherapy or
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surgery), which could provide valuable prognostic information. Moreover,
Human MDSCs are highly heterogeneous and difficult to isolate due to a lack
of definitive markers. While our ELISA approach measured total MDSC
levels, it did not distinguish between specific subpopulations, such as
monocytic (M-MDSCs) or granulocytic (G-MDSCs). Detailed phenotypic
analysis using flow cytometry could provide deeper insights into their
specific immunosuppressive roles. Despite these constraints, this study
provides early evidence that MDSCs and MDM2 are promising non-invasive
indicators for the initial detection of BC in Iraqi patients.

Conclusion:

To sum up, the study has established that the difference between patients and
control groups in terms of serum MDSCSs was very significant among BC
patients prior to treatment. We also found high concentrations of MDM2 in
patients of BC, which we explained by the development of cancer.
Recommendations:

Further studies can determine the concentrations of MDSCs in
immunological microenvironment of BC patients even before treatment and
compare to serum levels. Separate evaluation of different MDSCs subtypes is
also recommended. This study proposes assessing p53 protein levels and their
correlation with MDM2 protein as potential indicators.

Ethical Considerations

The research received approval from the Ethics Committee in Biology
Research at the College of Science, Mustansiriyah University, Baghdad, Iraq,
as well as from the Iraqi Ministry of Health and Environment. Committee
number BCSMU/1024/00066Z.
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