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Association Between Cell Size and Cancer Stem Cell-Related Properties in

Breast Cancer Cell Lines

Tomoyuki Miyamoto, Taiki Yahara.

Cancer cell institute, Kyushu Univ. of Medical Sciences.

Abstract

Background:

Cancer stem cells (CSCs) are implicated
in tumor initiation, progression, and
recurrence. While CSCs are commonly
identified using cell surface markers,
their
remain insufficiently characterized. This

morphological  characteristics
study investigated whether cell size is
associated with CSC-related properties
in breast cancer cell lines.

Methods:
Human breast cancer cell lines MDA-
MB-231, MCF-7, and SK-BR-3 were
fractionated into small (S), medium (M),
and large (L) populations based on
scatter

forward intensity by

fluorescence-activated cell sorting.
Morphological features were evaluated
using cytological staining and image
analysis. Tumorigenicity, proliferative
capacity, and migratory ability were
assessed using soft-agar colony
formation assays, CCK-8 assays, and
wound healing assays, respectively.

Expression of hormone receptors,

proliferation markers, epithelial-

mesenchymal transition (EMT) markers,

and stemness-related genes was
analyzed by RT-PCR.

Results:

Image analysis demonstrated

significant differences in cell and

nuclear areas among size-defined
populations. Soft-agar assays revealed
that tumorigenic potential was enriched
in small-to-medium-sized cells in MDA-
MB-231 and MCF-7, and in medium-
SK-BR-3.

medium-sized cells showed increased

sized cells in Small-to-

migratory activity and enhanced
expression of EMT-related genes,
including SNAIL. In MCF-7 cells, these
exhibited

estrogen and

populations also higher
expression of

progesterone receptors and SOX2.

Conclusions:

CSCs are preferentially enriched in
small-to-medium-sized breast cancer
cells, suggesting that cell size may
serve as a simple morphological

indicator of CSC-associated properties.



Introduction
Breast cancer is one of the most
common malignant tumors worldwide
and represents the second leading
cause of cancer-related death among

Y. In recent

women years, the
incidence of breast cancer has also
been increasing in Japan, which is
attributed to westernization of dietary
habits, lack of  childbirth or
breastfeeding history, and an increase
in the age at first childbirth 2.

Based on biological characteristics,
breast cancer is broadly classified into
three major subtypes: estrogen
receptor (estrogen receptor; ER) and
progesterone receptor (progesterone
receptor; PR)-positive breast cancer,
human epidermal growth factor
receptor type 2 (HER2)-positive breast
cancer, and triple-negative breast
cancer (triple negative breast cancer;
TNBC), which lacks expression of ER,
PR, and HER2. While ER/PR-positive
and HER2-positive breast cancers are
generally associated with a favorable
prognosis, TNBC is characterized by an

aggressive clinical
3,4)

course and poor
prognosis
Hormone therapy is effective for ER/PR-
positive breast cancer, and molecular-
targeted therapy using trastuzumab
(Herceptin) is established for HER2-
positive breast cancer. In contrast,

there are currently no effective targeted

therapies for TNBC, and
prognosis highlights the urgent need for

its poor

the development of novel therapeutic
strategies >,

Accumulating evidence suggests that
cancer stem cells (cancer stem cells;
CSCs) play a critical role in tumor
recurrence and metastasis, which are
major determinants of poor prognosis
in breast cancer and other malignancies
), CSCs constitute a very small

subpopulation  within  tumors but

possess high tumorigenic potential and

enhanced invasive capacity through
epithelial-mesenchymal transition
(epithelial-mesenchymal transition;

EMT). These properties indicate that
CSCs are key contributors to cancer

progression,
7,8)

recurrence, and
metastasis
CSCs are characterized by stem cell-
like properties, including self-renewal
and differentiation capacity, and are
therefore involved in tumor growth and
maintenance. Moreover, CSCs exhibit
resistance to radiotherapy and
chemotherapy, making them attractive
candidates as novel therapeutic targets
and prognostic indicators 9.

Several methods have been established
to enrich and isolate CSCs for research
purposes. The most commonly used

approach involves fluorescence-

activated cell sorting (fluorescence-
activated cell sorter; FACS) based on

the expression of cell surface markers



such as CD133, CD44, and CD24.
Another widely used method employs
the DNA-binding dye Hoechst 33342 to
identify and isolate side population (SP)
cells, which are considered to be
enriched for CSCs 10-12). In addition,
FACS-independent
including sphere formation assays that

approaches,

exploit anchorage-independent growth
and in vivo transplantation assays using
mouse models, have also been reported
13).

However, the isolation and analysis of
CSCs require expensive equipment such
as FACS and are time-consuming,
making it difficult to detect CSCs in
routine clinical practice and to apply
them directly to diagnosis or prognostic
evaluation at present.

In this context, we focused on the
cellular morphology of CSCs. Although
numerous studies have investigated
CSCs using cell surface markers as

indicators, relatively few  have
examined their morphological
characteristics. If CSCs could be

identified based on morphological
features, this approach could contribute
to improved qualitative accuracy in
pathological diagnosis.

Therefore, in this study, we aimed to
elucidate the morphological
characteristics of breast cancer stem
cells by fractionating breast cancer cell
lines according to cell size and analyzing

the CSC properties of each cell

population.

Materials & methods

Cell lines and culture conditions

Human breast cancer cell lines MDA-
MB-231 (triple-negative; JCRB1559),
MCF-7 [ER/PR-positive; JCRB0134],
and SK-BR-3 [HER2-positive;
NIHS0735] were used. Cells were
cultured in high-glucose Dulbecco’s
(DMEM)

supplemented with 10% fetal bovine

modified Eagle’'s medium
serum (FBS), 1% non-essential amino
acids, and 1% antibiotic-antimycotic
solution at 37 °C
atmosphere containing 5% CO..

in a humidified

Cell sorting by size
Cells
trypsin—-EDTA, resuspended at 2-3 X
106 cells/mL, and stained with
iodide (PI) for
exclusion. After washing, cells were

were detached wusing 0.2%

propidium viability
resuspended in DMEM containing 2%
FBS and subjected to fluorescence-
activated cell sorting (FACSAria™ III;
BD Biosciences).

Cell populations were gated based on
forward scatter (FSC) signals. The
smallest and largest approximately 5%
of cells were defined as the small (S)
and large (L) fractions, respectively,
while the middle approximately 20%



was defined as the medium (M) fraction.

Sorted cells were collected by
centrifugation and used for subsequent

analyses.

Morphological analysis

For cytomorphological evaluation, 7.5 x
104 cells from each size fraction were
prepared as cytospin slides and stained
using May-Giemsa and Papanicolaou
methods following standard protocols.
After staining, 50 cells per fraction were
randomly selected and imaged at x100
magnification using a digital microscope
system. Cell area and nuclear area were
measured using Image] software.

Soft agar colony formation assay

Anchorage-independent growth was
assessed using a soft agar colony
formation assay. A base layer of 0.7%
agar in DMEM was prepared in 6-cm
dishes. Cells (5 x 103 cells/mL) from
each fraction were suspended in 0.35%
agar and layered onto the base agar.
Cultures were maintained for 5 weeks
at 37 °C with 5% CO2, and colonies
were counted under a light microscope.

Cell proliferation assay

Cell proliferation was evaluated using
the Cell Counting Kit-8 (CCK-8) assay.
Cells were seeded in 96-well plates at 3
x 103 cells/well and incubated for 24,
48, or 72 h. CCK-8 reagent was added

4 h prior to measurement, and

absorbance was measured at 460 nm
using a microplate reader.

Cell migration assay

Cell migration was assessed using a
wound healing assay. Cells were seeded
into culture inserts placed in 35-mm
dishes and allowed to reach confluence.
After removal of the inserts, cells were
incubated, and wound closure was
monitored at 24-h intervals using
phase-contrast microscopy. Migration

areas were quantified using Imagel.

RNA extraction and RT-PCR

Total RNA was extracted from 1 x 105
cells per fraction using RNAzol® RT
manufacturer’s
DNA
(cDNA) was synthesized using oligo(dT)

according to the
instructions.  Complementary
primers and reverse transcriptase. RT-
PCR was performed using a standard
PCR master mix under the following
conditions: initial denaturation at 96 °C
for 3 min, followed by 35 cycles of 96 °C
for 15 s, 60 °C for 15 s, and 72 °C for
3 min. PCR products were analyzed by
electrophoresis on 2% agarose gels.
Primer sequences are listed in Table 1.

Statistical analysis

Statistical differences among the three
size fractions were analyzed using non-
repeated measures analysis of variance
(ANOVA). A P value < 0.05 was
considered statistically significant.



Results

Morphological analysis

To examine whether cancer stem cells
(CSCs) could be enriched based on cell
size, cells were fractionated into small
(S), medium (M), and
subjected to

large (L)
populations and
morphological analysis. May-Giemsa
staining revealed that size differences
among S, M, and L fractions were
microscopically distinguishable in MDA-
MB-231 cells, whereas discrimination
among size fractions was difficult in
MCF-7 cells. In SK-BR-3 cells, only the
L fraction could be clearly distinguished
from the other fractions (Fig. 1). In
contrast, size differences were not
readily recognizable in Papanicolaou-
stained specimens for any of the three
cell lines (data not shown). Quantitative
image analysis of May-Giemsa- and
Papanicolaou-stained images
demonstrated progressive increases in
cell area and nuclear area from S to L
fractions in all three cell lines. The mean
cell areas (um2) were 241 £ 55 (S),
365 = 88 (M), and 544 = 80 (L) in MDA-
MB-231; 247 £ 50 (S), 263 £ 75 (M),
and 394 £ 123 (L) in MCF-7; and 260
+ 60 (S), 305 £ 49 (M), and 472 £+ 95
(L) in SK-BR-3 cells. Mean nuclear areas
(um2) were 120 £ 34 (S), 210 £ 54 (M),
and 285 = 53 (L) in MDA-MB-231; 168
+ 33 (S), 183 +£ 48 (M), and 218 + 49

(L) in MCF-7; and 148 + 32 (S), 169 =+

32 (M), and 236 * 59 (L) in SK-BR-3
cells. Significant differences in both cell
and nuclear areas were observed
among all three size fractions in MDA-
MB-231 cells, between S-M and S-L
fractions in MCF-7 cells, and between
S-L and M-L fractions in SK-BR-3 cells
(Fig. 2). In contrast, no significant
differences were detected among size
fractions in Papanicolaou-stained
specimens for any cell line. Based on
image analysis, a difference in mean
cell diameter of approximately >11.4
reliable

Mm  was required for

microscopic  recognition  of  size

differences.

Tumorigenic potential

To determine which size fractions were
CSCs,
potential was evaluated using a soft

enriched  for tumorigenic
agar colony formation assay. A higher
number of colonies indicates greater
tumorigenic capacity. After 5 weeks of
culture, the numbers of colonies were
68 £ 6 (S), 57 £+ 4 (M), and 8 = 3 (L)
in MDA-MB-231; 148 = 8 (S), 127 £ 3
(M), and 42 £ 6 (L) in MCF-7; and 28
+7(S),63 £4,and 16 £ 4 (L) in SK-
BR-3 cells. In MDA-MB-231 and MCF-7
cells, S and M fractions formed
significantly more colonies than the L
fraction. In contrast, the M fraction of
SK-BR-3 cells formed significantly more
colonies than both S and L fractions (Fig.
3), indicating that CSCs were enriched



in small-to-medium-sized cells in MDA-
MB-231 and MCF-7, and predominantly
in medium-sized cells in SK-BR-3.

Cell proliferation

Because CSC-enriched fractions were
mainly observed in small-to-medium-
sized cells, cell proliferation was
subsequently examined using the CCK-
8 assay. At 24 h, absorbance values for
MDA-MB-231 cells were 0.453 + 0.004
(S), 0.474 £ 0.018 (M), and 0.569 =
0.037 (L), and at 72 h were 1.316 £
0.026 (S), 1.404 = 0.018 (M), and
1.578 £ 0.122 (L). For MCF-7 cells,
absorbance values at 24 h were 0.393
+ 0.018 (S), 0.391 + 0.006 (M), and
0.347 £ 0.006 (L), and at 72 h were
0.938 + 0.046 (S), 0.999 £ 0.049 (M),
and 0.748 = 0.053 (L). For SK-BR-3
cells, absorbance values at 24 h were
0.381 +£ 0.022 (S), 0.459 + 0.025 (M),
and 0.415 £+ 0.032 (L), and at 72 h
were 0.785 £ 0.051 (S), 0.997 £ 0.026
(M), and 0.708 £ 0.032 (L). Large cells
exhibited significantly higher
proliferative activity in MDA-MB-231,
whereas small-to-medium-sized cells
showed higher proliferation in MCF-7

and SK-BR-3 cells (Fig. 4).

Cell migration

Cell migration was assessed by wound
healing assays, as CSCs are reported to
exhibit enhanced migratory capacity.
Wound closure was quantified at 24-h

intervals. In MDA-MB-231 cells, wound
closure at 24 h was 55.3 £ 0.074% (S),
80.0 £ 0.004% (M), and 68.3 %
0.053% (L), and complete closure was
observed in all fractions by 48 h. In
MCF-7 cells, wound closure at 24 h was
16.5 £ 0.040% (S), 17.8 £ 0.032% (M),
and 11.5 £ 0.017% (L); at 48 h, 59.8
+ 0.126% (S), 60.5 + 0.028% (M), and
36.3 £ 0.058% (L); at 72 h, 97.7 %
0.033% (S), 95.4 + 0.043% (M), and
73.3 £ 0.077% (L). Complete closure
was achieved at 96 h in S and M
In SK-BR-3 cells,
closure remained incomplete even after

fractions. wound
72 h, with no marked differences
among size fractions. Medium-sized
exhibited

migratory activity

cells significantly  higher
in MDA-MB-231,
whereas small-to-medium-sized cells
showed higher migration in MCF-7 cells.
No significant differences in migration
were observed among size fractions in

SK-BR-3 cells (Fig. 5).

MRNA expression analysis

To evaluate differences in gene

expression among size fractions, RT-

PCR was performed for hormone
receptors, proliferation markers,
epithelial-mesenchymal transition

(EMT) markers, and stemness-related
factors. ER and PR expression was not
detected in any size fraction of MDA-
MB-231 or SK-BR-3 cells. In MCF-7 cells,
ER expression was detected in all size



fractions, whereas PR expression was
observed in S and M fractions only.
Analysis of proliferation-related genes
revealed higher expression of Cyclin E1
and Ki-67 in S and M fractions across all
three cell lines. EMT marker analysis
demonstrated strong expression of E-
cadherin and SNAIL in S and M fractions
of MDA-MB-231 and MCF-7 cells, while
SK-BR-3 cells showed strong SNAIL
expression in S and M fractions. N-
cadherin expression was not detected in
any cell line. Stemness-associated gene
expression analysis showed that OCT4,
SOX2, and cMYC were not detected in
MDA-MB-231 cells. In MCF-7 cells,
SOX2 expression was detected in S and
M fractions, whereas in SK-BR-3 cells,
CcMYC expression was detected only in
the S fraction (Figs. 6-8).

Discussion

To date, cancer stem cells (CSCs) have
been extensively investigated using cell
surface markers such as CD133, CD44,
and CD24, and breast cancer CSCs are
known to exhibit a CD44*/CD24-

phenotype 19121

. Although previous
studies in squamous cell carcinoma and
prostate cancer have suggested that
higher CSC

properties, few studies have focused on

smaller cells possess

the relationship between cell

morphology and CSC characteristics in

breast 16)

cancer Therefore, the
present study aimed to clarify the
morphological features of breast cancer
stem cells by analyzing breast cancer

cells fractionated according to cell size.

Flow cytometric analysis of MDA-MB-
231, MCF-7, and SK-BR-3 cell lines
revealed heterogeneous cell
populations with distinct size
distributions, which could be separated
into small (S), medium (M), and large
(L) fractions. Morphological evaluation
using May - Giemsa-stained
preparations demonstrated that size-
based discrimination was visually
feasible in MDA-MB-231 cells, whereas
it was difficult in MCF-7 and partially in
SK-BR-3 cells. However, image-based
revealed

quantitative analysis

statistically  significant  differences
among the size fractions in all cell lines.
These findings suggest that a certain
minimum difference in cell diameter is
required for reliable visual
discrimination under microscopy. In
contrast, Papanicolaou-stained
preparations failed to show clear size
differences, likely due to differences in
fixation methods *”'®. Given that May-
Giemsa staining preserves a flattened,
two-dimensional cellular morphology, it
may be more suitable for morphological
CSC-enriched

populations in cytological specimens.

identification of



Tumorigenic potential, a key biological
characteristic of CSCs, was evaluated

using a soft agar colony formation assay.

In MDA-MB-231 and MCF-7 cells, S and
exhibited
higher colony-forming ability than L

M fractions significantly
fractions, whereas in SK-BR-3 cells, the

M fraction showed the highest

tumorigenic potential. These results

indicate that CSCs are preferentially

enriched in small-to-medium-sized cells.

This observation is consistent with
previous reports demonstrating that
exhibit

tumorigenicity in other cancer types

smaller  cells enhanced
and in undifferentiated cell populations,
including induced pluripotent stem cells
1619 In contrast, studies of normal
mammary glands have reported higher
stemness in larger cells, suggesting
that morphological characteristics of
CSCs may differ from those of normal
tissue stem cells 20).

Analyses of cell proliferation and
migration revealed cell line-dependent
patterns. In MDA-MB-231 cells, Sand M
fractions—enriched in CSCs—exhibited
low proliferative activity but high
migratory capacity, consistent with
previously reported CSC characteristics
) In contrast, S and M fractions of
MCF-7 and SK-BR-3 cells showed
relatively higher proliferative activity,
suggesting the presence of actively

cycling CSCs 21). Poor adhesion and

in L
fractions, particularly in MCF-7 and SK-

reduced proliferation observed

BR-3 cells, may reflect cellular swelling
associated with cell death, such as
necrosis 22.

Gene expression analysis revealed size-
dependent differences in hormone
receptor expression. In MCF-7 cells, ER
expression was detected in all size
fractions, while PR expression was
in S and M

fractions, indicating enhanced hormone

preferentially observed

dependency in smaller cells. Given that
CSCs were enriched in these fractions,
CSCs in ER/PR-positive breast cancer
exhibit
responsiveness, which could contribute

may increased  hormone

to endocrine therapy resistance.
Regarding cell

Cyclin El
predominantly observed in S and M

cycle-related genes,
expression was

fractions across all cell lines, suggesting
enhanced proliferative signaling in
smaller cells. However, discrepancies
between Cyclin E1 expression and
proliferation
MDA-MB-231

additional

assays, particularly in
indicate  that

cyclins and

cells,
regulatory
pathways may contribute to cell cycle
progression.

EMT-related gene expression analysis
SNAIL
predominantly in S and M fractions,

demonstrated expression



suggesting enhanced invasive potential
in smaller cells. These findings were
largely consistent with migration assay
results and support previous reports
linking CSCs with EMT activation 823723,
SK-BR-3
discrepancies between gene expression

However, in cells,
and functional assays were observed,

indicating the need for further

investigation.

Analysis of stemness-associated genes
revealed SOX2 expression in S and M
fractions of MCF-7 cells and cMYC
expression in the S fraction of SK-BR-3
maintenance of

cells, suggesting

stemness in small-to-medium-sized
cells. SOX2 expression in MCF-7 cells
correlated with increased proliferation
and EMT-related gene expression,
consistent with previous reports linking
SOX2 to tumor aggressiveness and

therapy resistance 227,

In conclusion, the present study
suggests that CSCs are preferentially
enriched in small-to-medium-sized

breast cancer cells. Morphological
evaluation using May-Giemsa staining
may facilitate the identification of CSC-
enriched populations and contribute to
improved diagnostic accuracy in
cytopathology. Future studies involving
additional cancer types will be essential
these

to determine whether

morphological characteristics represent

a common feature of CSCs.

Conclusion

Our results demonstrate that breast
cancer stem cell-associated properties
are preferentially enriched in small-to-
medium-sized cells across multiple
breast cancer cell lines. Cell size
correlates with tumorigenic potential,
migratory activity, and expression of
EMT- and stemness-related markers,
suggesting that morphological
assessment based on cell size may
serve as a simple and complementary
approach to conventional marker-based

CSC analysis.
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Table 1. Primer sequences used for RT-PCR analysis.

Gene Forward primer (5° —3" ) Reverse primer (5° —3" )

GAPDH AGTCAACGGATTTGGTCG GGGATTTCCATTGATGACAAGC

ER GGCATTCTACAGGCCAAATTCAG CATTTTCCCTGGTTCCTGTCCAAGAGC
PR CAACTACCTGAGGCCGGATTCAGA GTTGTTGACAAGATCATGCAAGTTATC
Cyclin E1 CTGCCTGTACTGAGCTGGGCAAATAGAG GCTCGGGCTTTGTCCAGCAAATCCA
p27 GATGTCAAACGTCGAGTGTCTAACGGG CATATCTTAATTCGAGCTGTTTACGT
Ki-67 GAAAATCATCAAGGAACAGCCTCAACC GAACACATTTCCTCCAAAACCTCTG
E-cad GAAAACAGCAAGGGCTTGGA TTAGGGCTGTGTACGTGCTG

N-cad ATCGAAGGATGTGCATGAAGG TGGCCACTGTGCTTACTGAA

SNAIL TAGCGAGTGGTGTTCTCTGCG CATTCGGGAGAAGGTCCGAG

OCT4 AGAGAGGGGTTGAGTAGTCCCTTCGCA CAAGAGCATCATTGAACTTCACCTTC
SOX2 CACAGCGCCCGCATGTACAACATGATGG GAGTGGGAGGAAGAGGTAACCACAGG
cMYC GTGGAAAACCAGCAGCCTCCCGCGAC GTTCTCCTCAGAGTCGCTGCTGGTG

12
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Figure 1. May-Giemsa-stained images of size-fractionated breast cancer cells
(objective magnification x100).

To assess whether size differences among sorted cells could be visually recognized
under light microscopy, size-fractionated cells were stained with May-Giemsa and
compared. In MDA-MB-231 cells, differences among small (S), medium (M), and
large (L) fractions were readily distinguishable. In contrast, size-based
discrimination was difficult in MCF-7 cells. In SK-BR-3 cells, size differences were
visually apparent only in the L fraction. A total of 50 cells were evaluated per fraction
(n = 50).
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Figure 2. Statistical analysis of nuclear area and cell area based on image analysis.
Image-based quantitative analysis revealed significant differences in both cell area
and nuclear area among the size-fractionated cells, including differences that were
not readily discernible by visual inspection under light microscopy. Nuclear area
showed a pattern similar to that of cell area. P < 0.01 (non-repeated measures
ANOVA, n = 50).
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Figure 3. Tumorigenic potential of size-fractionated breast cancer cells.
Tumorigenic potential was evaluated using a soft-agar colony formation assay. In
MDA-MB-231 and MCF-7 cells, the small (S) and medium (M) fractions exhibited
significantly higher colony-forming ability than the large (L) fraction, whereas in SK-
BR-3 cells, the M fraction showed the highest tumorigenic potential. These findings
indicate enrichment of cancer stem cell-like properties in the small-to-medium
fractions of MDA-MB-231 and MCF-7 cells and in the medium-sized fraction of SK-
BR-3 cells. P < 0.05, P < 0.01 (non-repeated measures ANOVA, n = 3).
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Figure 4. Cell proliferation analysis of size-fractionated breast cancer cells.

Cell proliferation was assessed using the Cell Counting Kit-8 (CCK-8) assay, in which
absorbance correlates with cell number. The large (L) fraction of MDA-MB-231 cells
exhibited significantly higher proliferative activity, whereas the small (S) and
medium (M) fractions of MCF-7 cells and the M fraction of SK-BR-3 cells showed
significantly increased proliferation. P < 0.05, P < 0.01 (non-repeated measures
ANOVA, n = 3).
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Figure 5. Cell migration analysis of size-fractionated breast cancer cells.

Cell migratory activity was evaluated using a wound healing assay (WHA). Medium-
sized (M) MDA-MB-231 cells and small-sized (S) MCF-7 cells exhibited higher
migratory capacity, whereas no clear size-dependent differences were observed in
SK-BR-3 cells, all of which showed low migratory activity (n = 3).
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Figure 6. Gene expression analysis of size-fractionated MDA-MB-231 cells.

Gene expression of hormone receptors, cell proliferation markers, epithelial-
mesenchymal transition (EMT) markers, and OSKM factors was analyzed by RT-PCR.
Expression of Cyclin E1, E-cadherin (E-cad), and SNAIL was detected in the small
(S) and medium (M) fractions, suggesting enhanced proliferative and invasive
potential in these cells. In contrast, ER, PR, p27, N-cadherin (N-cad), OCT4, SOX2,
and cMYC were not detected in any size fraction (n = 3).

P, positive control; N, negative control; RT, reverse transcription.
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Figure 7. Gene expression analysis of size-fractionated MCF-7 cells.

Gene expression of hormone receptors, cell proliferation markers, epithelial-
mesenchymal transition (EMT) markers, and OSKM factors was analyzed by RT-PCR.
Stronger expression of ER, PR, Cyclin E1, Ki-67, E-cadherin (E-cad), SNAIL, and
SOX2 was observed in the small (S) and medium (M) fractions, while p27 expression
was detected predominantly in the M fraction. These findings suggest enhanced
hormone dependence, proliferative and invasive potential, and maintenance of
stemness in small-to-medium-sized cells. In contrast, N-cadherin (N-cad), OCT4,
and cMYC were not detected in any size fraction (n = 3).

P, positive control; N, negative control; RT, reverse transcription.
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Figure 8. Gene expression analysis of size-fractionated SK-BR-3 cells.

Gene expression of hormone receptors, cell proliferation markers, epithelial-
mesenchymal transition (EMT) markers, and OSKM factors was analyzed by RT-PCR.
Expression of Cyclin E1, Ki-67, and SNAIL was detected in the small (S) and medium
(M) fractions, while cMYC expression was observed exclusively in the S fraction.
These results suggest enhanced proliferative and invasive potential in small-to-
medium-sized cells and maintenance of stemness in small-sized cells. In contrast,
ER, PR, p27, E-cadherin (E-cad), N-cadherin (N-cad), OCT4, and SOX2 were not
detected in any size fraction (n = 3).

P, positive control; N, negative control; RT, reverse transcription.
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