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Abstract

Introduction: Mesenchymal stem cells (MSCs) can modulate the tumor
microenvironment and influence cancer cell behavior by secreting various bioactive
factors. This study aimed to investigate the effect of MSC-derived secretions from chick
embryo lung tissue on the expression of the tumorigenic genes WNT4 and GLI2 and of
inflammatory factors in a human breast cancer cell line (MCF-7).

Materials and Methods: In this in vitro experimental study, cells were isolated and
cultured from 10-day-old chick embryo lung tissue. In the third passage, the supernatant
(CM; conditioned medium) obtained from MSCs was collected, and its effect on MCF-7
cells was examined. After 48 hours, CM was collected and filtered. ELISA measured the
levels of the inflammatory cytokines IL-6 and TNF-a, and qRT-PCR measured the levels
of the WNT4 and GLI2 genes. For statistical comparisons between groups, an
independent t-test was used. All analyses were performed using SPSS version 26, and
0.05 was considered the significance threshold.

Results: Treatment of MCF-7 cells with MSCs-CM resulted in a significant decrease in
the expression of WNT4 (P=0.0034) and GLI2 (P=0.0007) genes in the treatment group
compared to the control group. Also, the levels of IL-6 (P=0.0155) and TNF-a (P=0.0073)
in the treatment group showed significant decreases.

Conclusion: MSCs-CM can exert inhibitory effects on cancer cells by downregulating
key genes in tumorigenic signaling pathways and reducing inflammatory factors.
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Introduction

Breast cancer is the most common malignancy
among women worldwide and one of the
leading causes of cancer-related death in this
population [1-3]. The Hedgehog pathway,
essential for embryonic development and tissue
homeostasis [4-6], is aberrantly reactivated in
many malignancies [7,8]. GLI2, the terminal
transcriptional effector of this pathway, is
directly linked to cell proliferation, invasion,
metastasis, and drug resistance in breast cancer
[9,10]. WNT4, which normally plays a critical
physiological role in embryo implantation and
pregnancy, has been implicated in
gynecological  diseases—including  breast
cancer—as well as in the regulation of
mitochondrial metabolism in cancer cells when
its activity becomes dysregulated [11,12].
Growing evidence indicates that GLI2 and
WNT4 may act synergistically in breast cancer,
mutually reinforcing each other's tumorigenic
effects [13]. Mesenchymal stem cells (MSCs),
owing to their multilineage differentiation
capacity and their regulatory roles in immunity
and tissue repair, have become a major focus of
cancer research [14]. The secretome of these
cells—commonly referred to as conditioned
medium (CM)—contains a rich array of
cytokines, growth factors, and extracellular
vesicles [15,16]. Although numerous studies
have examined the anti-inflammatory and
immunomodulatory effects of MSC-CM on the
growth, proliferation, and migration of cancer
cells [17], the effect of MSC-derived secretions
from avian embryonic tissues—particularly
chick embryo lung tissue—on the Hedgehog
and Wnt pathways in human breast cancer had
not previously been investigated. The present
study determined the effect of MSC-CM
derived from chick embryo lung tissue on the
expression of two key genes, WNT4 and GLI2,
and on the inflammatory cytokines IL-6 and
TNF-a in the human breast cancer cell line
MCEF-7.

Methods

This in vitro experimental study was conducted,
following approval by the ethics committee of

Ahvaz Jundishapur University of Medical
Sciences (approval code
IR.AJUMS.HGOLESTAN.REC.1404.044),
using ten specific-pathogen-free  (SPF")
fertilized White Leghorn eggs and the MCF-7
cell line. Fertilized eggs were incubated for 10
days, after which, under strictly sterile
conditions, the lung tissue (the translucent
tissue flanking the heart) was isolated from the
10-day-old embryo. Following enzymatic
digestion with 0.25% trypsin-EDTA, the
resulting cells were cultured in DMEM/F12
medium supplemented with fetal bovine serum.
At the third passage, once cells reached 80—
90% confluence, the serum-containing medium
was replaced with serum-free basal medium;
after 48 hours of incubation, the supernatant
(CM) was collected, centrifuged, and filtered,
and its protein concentration (800-1200
pg/mL) was determined by the BCA method.
MCF-7 cells, obtained from the Iranian
Biological Resource Center, were cultured in
RPMI medium containing 10% FBS and
divided into two study groups: a control group
receiving serum-free basal medium only, and a
treatment group receiving CM diluted 1:2 in
basal medium for 48 hours (three biological
replicates per group). Protein levels of IL-6 and
TNF-a in the MCF-7 culture supernatant were
measured using human-specific sandwich
ELISA kits (Abcam) with absorbance read at
450 nm. Relative expression of WNT4 and
GLI2 was assessed by qRT-PCR following
total RNA extraction and ¢cDNA synthesis,
using gene-specific primers and SYBR Premix
Ex Taq™ II, with GAPDH as the reference
gene and the 2"-AACT method for
quantification. After confirming the normality
of the data using the Shapiro-Wilk test,
statistical comparisons were performed with an
independent-samples t-test in SPSS (version
26), with a significance threshold of 0.05.

Results

Microscopic examination showed that the lung-
derived mesenchymal cells exhibited the
characteristic spindle-shaped morphology of
MSCs, proliferated rapidly, and maintained

19(3):37-51


https://ijbd.ir/article-1-1234-en.html

[ Downloaded from ijbd.ir on 2026-10-03 ]

19(3):37-51

viability consistently above 90% before culture.
MCEF-7 cells, after 72 hours of culture,
exhibited the expected epithelial morphology
and grew as dense, confluent monolayers,
confirming the intrinsically invasive, highly
proliferative behavior of this cell line.
Treatment of MCF-7 cells with CM resulted in
a statistically significant reduction in WNT4
expression relative to control (P=0.0034), and
an even more pronounced reduction in GLI2
expression (P=0.0007), indicating that CM is
capable of simultaneously suppressing the Wnt
and Hedgehog signaling pathways. In parallel,
levels of both pro-inflammatory cytokines
examined were significantly reduced in the
treatment group: IL-6 (P=0.0155) and TNF-a
(P=0.0073).

Discussion

The findings of this study demonstrate, for the
first time, an inhibitory effect of chick embryo
lung-derived MSC supernatant on the Wnt and
Hedgehog pathways in human breast cancer
cells. The concurrent decrease in WNT4 and
GLI2 aligns with the findings of Visweswaran
et al. (2017) [18], who reported that adipose
tissue-derived MSC supernatant inhibited the
Wnt/B-catenin pathway (accompanied by
decreased Cyclin D1 and Bcl-xL) in MCF-7
cells. Likewise, the reduction in IL-6 and TNF-
a observed here is consistent with the anti-
inflammatory effects of adipose-derived MSC
supernatant reported by Li et al. (2017) [19] in
inflammatory models, indicating that MSC-
secreted factors can target both inflammatory
and growth-signaling pathways independent of
direct pharmacological intervention.
Mechanistically, given prior reports (Massah et
al., 2021) [20] that estradiol stabilizes ERo—
GLI3 nuclear complexes and enhances
Hedgehog target gene expression, it is plausible
that CM silences Hedgehog pathway activity in
MCF-7 cells by disrupting this estrogen
receptor—GLI interaction or by suppressing
downstream effectors. Additionally, given the
established role of WNT4 in regulating
mitochondrial metabolism in breast cancer cells
(Sottnik et al., 2024) [12], reduced WNT4
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expression may also induce metabolic
dysregulation, offering a plausible explanation
for the observed reduction in cell proliferation
or survival following CM
Comparison with related studies—including
Yu et al. (2023) [21] on the anti-inflammatory
effects of MSC-CM in acute lung injury, Canals
et al. (2022) [22] on the reduced malignant
phenotype of lung cancer cells exposed to
human embryonic lung  mesenchyme-
conditioned medium, and Pashaei-Asl et al.
(2022) [23] on p53-dependent apoptosis
induced by amniotic fluid MSC supernatant—
suggests that the anti-tumor and anti-
inflammatory  effects of mesenchymal
secretions represent a relatively consistent and

exposure.

reproducible phenomenon, regardless of the
tissue or species of origin (human or chick
embryo). This consistency, together with the
high conservation of transcription factor
binding motifs between avian and mammalian
species [24], provides biological justification
for using avian-derived cell secretions in
studies of human cancer cells. Nevertheless,
this study has several limitations that constrain
the interpretation of its findings. First, because
species-specific antibodies cross-reactive with
chicken cell-surface antigens were unavailable,
MSC identity was confirmed solely by
morphological criteria and viability, without
flow cytometric verification of standard
markers (CD44/CD90*/CD457/CD34").
Second, baseline cytokine levels in CM alone
(without MCF-7 cells) were not assessed,
limiting precise attribution of the observed
cytokine changes to a genuine cellular response
rather than to baseline CM content. Third, the
absence of a cell viability assay, such as MTT,
limits the ability to fully distinguish specific
signaling pathway inhibition from non-specific
cytotoxic effects.

Conclusion

The supernatant of mesenchymal stem cells
derived from chick embryo lung tissue exerts
multi-target anti-tumor potential on MCF-7
cells by concurrently suppressing WNT4 and
GLI2 gene expression and reducing the
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inflammatory cytokines IL-6 and TNF-a. These
results provide a foundation for further studies
aimed at identifying the bioactive components
of this secretome, elucidating the downstream
signaling pathways involved, and evaluating its
efficacy and safety in preclinical in vivo
models—ultimately ~ working toward a
minimally invasive, biologically derived
adjunctive approach for breast cancer therapy.
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Figure 1: Isolation and culture of MSCs derived from chicken embryo’s lung tissue and transfer of the supernatant to
breast cancer cells
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Figure 2: Chart comparing the expression levels of Wnt4 and GLI2 genes in MCF-7 cells between the control and
treatment groups
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Figure 3: Chart comparing the secretion levels of IL6 and TNFa in MCF-7 cells between the control and treatment

groups
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