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ARTICLE INFO Abstract

Background. Breast cancer progression is influenced not only by malignant cells but
Article History: also by the tumor microenvironment. Fibroblasts, as important stromal components,
Received: 14 Oct 2025 regulate cancer cell behavior through paracrine signaling. Although cancer-associated
Revised: 16 May 2026 fibroblasts are generally linked to tumor progression, the role of normal fibroblasts
Accepted: 19 May 2026 remains unclear. This study investigated the effects of conditioned medium derived
ePublished: 11 Jul 2026 from human normal fibroblasts on stemness characteristics in luminal and basal breast

cancer cell lines.
Keywords: Methods. MCF-7 (luminal) and MDA-MB-231 (basal) breast cancer cells were
e Cancer-associated cultured for 7 days in conditioned medium obtained from human foreskin fibroblasts

fibroblasts (HFF2). Stemness-related markers, including OCT4, SOX2, NANOG, ALDH1, and

e Cancer stem cells CD44+/CD24—, were evaluated using real-time PCR, Western blotting, and flow
e Luminal breast cancer cytometry. Additionally, mammosphere formation, morphological analysis, and
o Normal fibroblasts scratch wound-healing assays were performed to assess self-renewal ability and
» Basal breast cancer invasive potential.

Results. Treatment with fibroblast-conditioned medium significantly reduced the
expression of OCT4, SOX2, NANOG, and ALDHL1 in both cell lines, especially in the
basal subtype. The size and number of mammospheres decreased in MCF-7 cells,
while MDA-MB-231 cells formed smaller but more numerous mammospheres.
Morphological analysis showed a shift toward a more epithelial phenotype, and
scratch assays demonstrated reduced migration and invasion. The CD44+/CD24—
population increased, which is likely related to selective survival under stress
conditions.

Conclusion. The findings suggest that normal fibroblasts can suppress stemness and
invasive properties of breast cancer cells through paracrine mechanisms. These results
highlight the potential therapeutic importance of targeting stromal interactions and
fibroblast-mediated pathways in the treatment of breast cancer.

Practical Implications. These findings highlight the potential of targeting the tumor
microenvironment, particularly fibroblasts, as a novel therapeutic strategy in breast
cancer.
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Extended Abstract

Background

Breast cancer is one of the most common
malignancies worldwide and remains a major cause
of cancer-related mortality among women. In recent
years, increasing evidence has shown that tumor
progression is not only dependent on malignant
cells themselves but is also strongly influenced by
the tumor microenvironment. Among the various
stromal components, fibroblasts play an important
role in regulating cancer behavior through direct
interactions and paracrine signaling. While cancer-
associated fibroblasts are generally linked to tumor
progression and stemness, the role of normal
fibroblasts remains controversial. Cancer stem cells
are particularly important because they contribute to
tumor initiation, metastasis, recurrence, and
treatment resistance. Therefore, investigating the
effects of normal fibroblasts on stemness-related
properties in breast cancer cells may provide
valuable insight into potential therapeutic strategies.
This study aimed to evaluate the effect of
conditioned medium derived from human normal
fibroblasts on stemness characteristics of luminal
and basal breast cancer cell lines.

Methods

In this in vitro experimental study, the effects of
conditioned medium from human normal fibroblasts
were investigated on stemness and invasiveness of
breast cancer. Two breast cancer cell lines
representing different molecular subtypes were
selected: MCF-7 as a luminal subtype and MDA-
MB-231 as a basal subtype. Human foreskin
fibroblast cells (HFF2) were used to prepare
fibroblast-conditioned medium. Breast cancer cells
were cultured in this conditioned medium for 7 days
to evaluate the paracrine effects of fibroblast-
secreted factors. Several molecular and functional
assays were conducted to assess stemness-related
characteristics. The percentage of CD44+/CD24—
cells, which are recognized as cancer stem cell
markers in breast cancer, was measured using flow
cytometry. In addition, the expression of ALDH1,
another important stemness marker, was analyzed

by Western blotting. Quantitative real-time PCR
was also used to determine the expression levels of
stemness-associated genes, including OCT4, SOX2,
and NANOG. To evaluate self-renewal ability,
mammosphere formation assays were conducted in
both cell lines after treatment with fibroblast-
conditioned medium. Both the number and size of
mammospheres were assessed and compared with
untreated control groups. Morphological changes
were examined microscopically to identify shifts
toward epithelial or mesenchymal phenotypes. Cell
migration and invasion were evaluated using scratch
wound-healing assays. The extent of scratch closure
in treated cells was compared with control cells to
determine changes in invasiveness. Through these
combined analyses, the study aimed to
comprehensively investigate whether secretory
factors released by normal fibroblasts could alter
stemness and aggressiveness of breast cancer cells.

Results

Treatment with conditioned medium derived
from human normal fibroblasts produced significant
biological changes in both luminal and basal breast
cancer cell lines. One of the most important
findings was the reduction in the expression of
stemness-related genes, including OCT4, SOX2,
and NANOG, in both MCF-7 and MDA-MB-231
cells. The decrease was more evident in the basal
MDA-MB-231 cells, suggesting that basal breast
cancer cells may respond more strongly to
inhibitory factors secreted by normal fibroblasts.
Similarly, ALDH1 expression was reduced in both
cell lines following treatment, indicating
suppression of stem cell-like properties. However,
flow cytometry analysis demonstrated an increase in
the proportion of CD44+/CD24— cells after
treatment in both cell lines. This result appeared
inconsistent with the reduction observed in other
stemness markers. The authors suggested that
prolonged culture in conditioned medium may have
caused nutrient stress and selective survival of
resistant CD44+/CD24— cells, resulting in their
relative enrichment. Mammosphere formation
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assays demonstrated subtype-specific effects. In
MCF-7 luminal cells, both the number and size of
mammospheres decreased, indicating reduced self-
renewal capacity. In contrast, MDA-MB-231 basal
cells showed an increase in the number of
mammospheres, although sphere size decreased.
This finding may be related to the intrinsically
higher proliferative capacity of basal cells despite
suppression of stemness pathways. Morphological
evaluation indicated that treated cells acquired a
more epithelial and flattened appearance in both cell
lines. Importantly, no evidence of transition toward
a mesenchymal phenotype was observed. These
findings suggested inhibition of epithelial-to-
mesenchymal transition, a process associated with
cancer invasion and metastasis. Consistent with
these observations, scratch wound-healing assays
revealed significantly reduced scratch closure in
treated cells compared with controls, indicating
decreased migration and invasive potential. The
inhibitory effects observed in this study may result
from suppression of signaling pathways involved in
stem cell maintenance and tumor progression,
including IL6/STATS, TGF-B/SDF-1/PI3K,
WNT/B-catenin, HGF/c-MET, and SHH pathways.

Overall, the findings suggested that normal
fibroblast-conditioned medium can suppress the
expression of several stemness-associated genes and
invasive properties of breast cancer cells.

Conclusion

This study demonstrated that conditioned
medium derived from human normal fibroblasts can
reduce  important stemness and invasive
characteristics in both luminal and basal breast
cancer cell lines. Treatment suppressed the
expression of key stemness-related genes and
reduced migratory potential while promoting a more
epithelial cellular phenotype. The proportion of
CD44+/CD24— cells increased, which is likely
associated with selective survival under stress
conditions rather than enhanced stemness. Overall,
the results suggest that normal fibroblasts may exert
anti-tumorigenic  effects  through  paracrine
interactions within the tumor microenvironment.
These findings highlight the therapeutic potential of
targeting stromal interactions and fibroblast-
mediated signaling pathways in breast cancer
treatment.
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