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Abstract

Introduction: The tumor microenvironment and factors secreted by adjacent cells play a
crucial role in the progression or inhibition of cancer. This study was designed to
investigate the effect of supernatant from chick embryo hepatocytes on the protein levels
of the inflammatory (IL-6) and anti-inflammatory (IL-10) factors, as well as the
expression of cell cycle-related genes, in a breast cancer cell line (MCF-7).

Methods: In this in vitro experimental study, hepatocytes were isolated from chick
embryo livers on the 10th day of incubation and cultured in DMEM/F12 medium
containing 10% fetal bovine serum (FBS). After 48 hours, the supernatant was collected
and filtered. MCF-7 cells were divided into two groups: control (treated with basal
medium) and intervention (treated with supernatant), and incubated for 48 hours. IL-6
and IL-10 cytokine levels in the supernatant of MCF-7 cells were assessed using ELISA,
and relative expression of cyclin D1 and P53 genes was assessed using Real-Time PCR.
Data analysis was performed using SPSS version 26, and an independent t-test was
conducted at a significance level of 0.05.

Results: Treatment of MCF-7 cells with hepatocyte supernatant significantly increased
the protein levels of IL-10 (P=0.015) and IL-6 (P=0.013) in MCF-7 cells. Also, in these
cells, P53 expression increased significantly (P=0.002), and Cyclin D1 expression
decreased significantly (P=0.045).

Conclusion: Hepatocyte cell supernatant can exert regulatory and potential antitumor
effects on the MCF-7 cell line by inducing IL-10 expression, activating the P53-
dependent pathway, and inhibiting Cyclin D1 expression. However, the concomitant
increase in inflammatory factor IL-6 requires further mechanistic studies.
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Introduction

Breast cancer remains the most common
malignancy among women worldwide and
the second leading cause of cancer-related
death in this population (1); even with
adjuvant chemotherapy, five-year survival
in metastatic disease remains below 30%
(2). Tumor behavior is shaped not only by
cell-intrinsic ~ genetic and  epigenetic
alterations arising from mutations in genes
such as Breast Cancer Gene 1/2 (BRCA1/2)
but also by hormonal, lifestyle, and
environmental exposures. However, it is
increasingly recognized as being modulated
by paracrine signals originating from the
surrounding and even distant non-
malignant tissue microenvironment.(3).
Two processes central to malignant
progression are cytokine-driven
remodeling of the tumor immune milieu
and dysregulation of apoptosis. Interleukin-
6 (IL-6) promotes invasion, metastasis, and
angiogenesis via vascular endothelial
growth factor (VEGF) induction (4),
whereas interleukin-10 (IL-10) is a
pleiotropic anti-inflammatory cytokine that
suppresses pro-inflammatory mediators
such as tumor necrosis factor- a (TNF-a),
interleukin-6 (IL-6), and interleukin-1f
(IL-1B) (5). In parallel, Cyclin D1, which is
overexpressed in 34-81% of breast cancers
and associated with more favorable
prognostic features, drives G1-to-S phase
progression  through cyclin-dependent
kinases4/6 (CDK4/6) complexes under
estrogenic stimulation (6), while p53
functions as the principal guardian against
unchecked proliferation, triggering cell-
cycle arrest or apoptosis in response to
cellular stress.

Hepatocyte cultures are known to secrete a
broad range of cytokines and signaling
molecules capable of modulating immune
responses (7)Whether the secretome of a
distant, non-malignant tissue, such as
embryonic liver, can influence breast tumor
cell behavior has not previously been
examined. This gap in the literature
motivated the present investigation into
chick embryo hepatocyte-derived
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conditioned medium (CM) as a paracrine
modulator of the Michigan Cancer
Foundation-7 (MCF-7) breast cancer cell
line.

This study aimed to determine, in an in vitro
model, whether the secretome of primary
hepatocytes isolated from day-10 chick
embryos alters (i) the inflammatory (IL-6)
and anti-inflammatory (IL-10) cytokine
profile secreted by MCF-7 cells, and (ii) the
expression of the cell-cycle regulators
Cyclin D1 and P53 in this same cell line.
The principal contribution of this work is
proof-of-concept  evidence that a
heterologous, non-malignant, non-stem-
cell secretome derived from differentiated
avian embryonic hepatocytes, rather than
from mesenchymal stem cells, which
dominate the existing paracrine-oncology
literature, can simultaneously reprogram
proliferative and immunological signaling
pathways in a human breast cancer model.
This extends the conceptual framework of
tumor-microenvironment paracrine
modulation beyond stem-cell secretomes to
differentiated somatic cell sources.

Materials and Methods

Following approval by the institutional
ethics committee of Ahvaz Jundishapur
University of Medical Sciences (approval
code
IR.AJUMS.HGOLESTAN.REC.1404.03),
ten specific-pathogen-free fertilized (SPF")
White Leghorn (Gallus gallus domesticus)
eggs were obtained from a commercial
farm and incubated for ten days (embryonic
day 10, E10) under standard hatchery
conditions, in accordance with institutional
Laboratory Animal Care and Use
guidelines. The embryonated eggs were
then removed from the incubator and
transferred to a laminar flow hood. The
eggshells were thoroughly washed with
warm water, and their surface was
disinfected with 70% alcohol. Under a
stereo microscope, brown liver tissue in the
abdominal area was separated and
transferred to a microtube containing buffer
and antibiotics, and then cut into small
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pieces with a sterile blade or scissors.
0.25% trypsin-EDTA (Sigma, USA) was
used for 10 minutes to digest the pieces.
The cells were quenched with 10% FBS-
supplemented medium, pelleted by
centrifugation (1000 rpm, 5 min), and
expanded in DMEM/F12 supplemented
with FBS. After 2-3 days of incubation,
phase contrast microscopy revealed
hexagonal hepatocytes forming large and
monolayer colonies. Once cultures reached
a density of 2x10° cells/mL, they were
switched to serum-free medium for 48
hours to generate CM. The CM was then
centrifuged and filtered to remove cellular
debris and stored at —80°C; protein
concentration, measured by Thermo Fisher
Scientific, Pierce™ BCA assay, ranged
from 800-1200 pg/mL.

MCEF-7 cells (obtained from the Iranian
Biological Resource Center) were cultured
in RPMI/Glutamax medium with 10% FBS
at 37°C, 90% humidity, and 5% CO:. At
85% confluence, cells were randomly
assigned to a control group (serum-
containing basal medium only) or an
intervention group (treated with CM for 48
hours). IL-6 and IL-10 protein levels in
MCF-7 cell supernatants were quantified
by sandwich ELISA (Abcam human-
specific kits) in technical triplicate,
following the manufacturer’s protocol, with
quantification against a standard curve at
450 nm. Cyclin DI and P53 mRNA
expression was assessed by qRT-PCR
(SYBR Premix Ex Taq II reagent, ABI
StepOne instrument) using GAPDH as the
housekeeping  gene,  with  relative
expression calculated by the 2 AACT
method (REST software).

All assays were performed with 3-5
biological replicates per group. Data
normality was assessed using the Shapiro-
Wilk test; between-group comparisons
were performed using an unpaired t-test
(GraphPad Prism 9.0), with statistical
significance set at p<0.05.

Results
Hepatocytes isolated from EI10 chick
embryo livers formed broad, confluent

monolayer colonies within two to three
days of culture. Individual cells displayed
the characteristic polygonal (five- to six-
sided) morphology, prominent nucleoli,
and peripheral cytoplasm typical of
differentiated, functional hepatocytes,
confirming both the wviability and
phenotypic identity of the secretome
source.

MCEF-7 cells adhered and began spreading
within 24 hours of plating and, by 72 hours,
formed confluent, high-density monolayers
with fibroblastoid/epithelioid morphology
consistent with the known invasive and
rapidly proliferative phenotype of this line,
providing a suitable and reproducible
substrate for testing the intervention.
Following 48-hour exposure to hepatocyte-
derived CM, MCF-7 cells showed a
statistically significant increase in P53
mRNA expression relative to control cells
(P=0.0018) and a statistically significant
decrease in Cyclin DI expression
(P=0.0446). In parallel, both cytokines
assessed were significantly elevated in the
CM-treated group relative to control: IL-10
protein levels increased (P=0.0153), as did
IL-6 protein levels (P=0.0134). Taken
together, hepatocyte CM concurrently
activated a p53—Cyclin D1 axis consistent
with cell-cycle arrest and induced a mixed
cytokine response combining an anti-
inflammatory signal (IL-10) with a pro-
inflammatory one (IL-6).

Discussion

The concurrent rise in p53 and fall in Cyclin
D1 provides complementary molecular
evidence of an anti-proliferative, likely G1-
arrest-inducing, effect of hepatocyte-
derived secretory factors on MCF-7 cells.
By analogy with Noori et al., who showed
that the natural compound tehranolide
induces G1 arrest and apoptosis in MCF-7
cells via suppression of the PI3K/Akt
pathway upstream of Cyclin DI
transcription (8). The pattern observed here
is compatible with inhibition of this same
signaling axis by hepatocyte CM, although
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downstream pathways were not directly
interrogated in the present study.

The increase in IL-10 parallels prior reports
that paracrine secretomes from
mesenchymal stem cells. For instance,
Wharton’s  jelly-derived stem  cells
similarly modulate the cytokine output of
MCEF-7 cells (9), lending support to a
broader principle that secretory factors
from diverse normal-tissue sources,
whether stem or fully differentiated, can
substantially reprogram tumor cytokine
signaling networks.

The simultaneous increase in IL-6, a
cytokine generally associated with tumor
promotion, appears at first paradoxical
alongside an otherwise anti-proliferative
molecular  signature. One plausible
interpretation is that IL-6 elevation reflects
an adaptive cellular stress response,
potentially engaging IL-6/JAK/STAT3
survival signaling as an escape mechanism
against p53-mediated growth suppression.
This dual pattern differs from that reported
by Kostolomova et al., who found that
chick-embryo-cell supernatant exerted a
uniformly anti-inflammatory effect
(reduced IL-6, TNF-a, and IL-1; increased
IL-4 and IL-5) in an animal model of
parasitic infection (10). This divergence
underscores that the direction of cytokine
modulation by hepatocyte-derived
secretome is highly context-dependent.
Within an already pro-inflammatory tumor
microenvironment, such as that of MCF-7
cells, the same secretome elicits a mixed,
rather than uniformly anti-inflammatory,
response.

This study has several limitations. Reliance
on a single breast cancer cell line (MCF-7)
and two-dimensional culture does not fully
capture tumor heterogeneity or the
complexity of in vivo microenvironmental
interactions.  Future  studies  should
incorporate multiple hepatocyte cell lines
and 3D spheroid/organoid models better to
mimic tumor heterogeneity and the in vivo
microenvironment.

Our assessment was restricted to four
molecular markers (IL-6, IL-10, Cyclin D1,
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and P53) without direct interrogation of
downstream signaling pathways such as
PI3K/Akt, JAK/STATS3, or NF-xB, which
limits mechanistic certainty. Finally, the
xenogeneic (avian) origin of the secretome
and the absence of in vivo validation
warrant caution in extrapolating these
findings to human physiology.

Conclusion

Chick embryo hepatocyte-derived
secretome exerts a dual, context-dependent
effect on MCF-7 breast cancer -cells:
activation of a p53-dependent, Cyclin D1-
suppressing anti-proliferative  program,
occurring alongside a mixed cytokine
response marked by increases in both IL-10
and IL-6. These findings support a potential
regulatory and antitumor relevance of this
secretome while highlighting the need for
further mechanistic work to clarify the
concurrent IL-6 elevation, ideally through
three-dimensional culture models, omics-
based profiling of the active secretome
constituents, and validation in in vivo
breast cancer models.
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