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Abstract: The cancer stem cell (CSC) paradigm is one possible way to understand the genesis of cancer, and cervi-
cal cancer in particular. We quantified and enriched ALDH1"* cells within cervical cancer cell lines and subsequently
characterized their phenotypical and functional properties like invasion capacity and epithelial-mesenchymal transi-
tion (EMT). ALDH1 expression in spheroid-derived cells (SDC) and the parental monolayer-derived cell (MDC) line
was compared by flow-cytometry. Invasion capability was evaluated by Matrigel assay and expression of EMT-related
genes Twist 1, Twist 2, Snail 1, Snail 2, Vimentin and E-cadherin by real-time PCR. ALDH1 expression was signifi-
cantly higher in SDC. ALDHZ1* cells showed increased colony-formation. SDC expressed lower levels of E-cadherin
and elevated levels of Twist 1, Twist 2, Snail 1, Snail 2 and Vimentin compared to MDC. Cervical cancer cell lines
harbor potential CSC, characterized by ALDH1 expression as well as properties like invasiveness, colony-forming
ability, and EMT. CSC can be enriched by anchorage-independent culture techniques, which may be important for

the investigation of their contribution to therapy resistance, tumor recurrence and metastasis.
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Introduction

Cervical cancer remains high morbidity and a
major cause of mortality amongst women
worldwide especially in developing countries,
despite many steps that have been dedicated
to reducing the disease burden in the past
decades [1]. The cancer stem cell (CSC) para-
digm might be one possible way to understand
cervical carcinogenesis. The CSCs, as postu-
lated in the CSC theory, are held responsible for
the persistence or recurrence of the tumor
after conventional therapy [2]. This rare sub-
population of tumor cells exhibits stem cell
properties like self-renewal capacity, multilin-
eage differentiation and maintenance of a het-
erogeneous bulk tumor mass, increased motil-
ity, invasiveness, and heightened resistance to
apoptosis [3]. These characteristics are held
responsible for tumor maintenance and metas-
tasis and possibly also for resistance toward
chemotherapy and radiation therapy.

Epithelial-to-mesenchymal transition (EMT), a
trans-differentiation program that converts

adherent epithelial cells into individual migra-
tory cells, is a key event in metastasis [4]. The
EMT process disrupts E-cadherin mediated
cell-cell adhesion during embryonic develop-
ment and changes the cell phenotype into a
more loosely mesenchymal-like cell, leading to
the invasion of extracellular matrix [5]. Intensive
studies revealed that transcriptional factors,
such as Snail, Slug, and Twist, regulate EMT
process [6]. Accumulating evidences have
shown that cells with an EMT phenotype
induced by different factors are rich sources for
CSCs, suggesting the biological similarities
between CSCs and EMT-phenotypic cells [7].
Moreover, induction of EMT in tumor cells not
only promotes tumor cell invasion and metasta-
sis but also contributes to drug resistance, sug-
gesting that the molecular characterization of
these cells will allow the development of newer
therapies for complete eradication of tumors,
which will certainly improve the overall survival
of patients diagnosed with cancers.

In the present paper, we investigated whether
anchorage-independent cell culture techniques
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Table 1. Primer sequences used for RT-PCR in EMT-related genes

expression analysis (26)

oids were collected by filtra-
tion through a 40-ym mesh

Transcript .
Forward primer sequence

Reverse primer sequence

for the following experi-
ments. The cervical cancer

name

SNAIL1 GGCGCACCTGCTCGGGGAGTG GCCGATTCGCGCAGCA cell line SiHa never formed

SNAIL2  GGGGAGAAGCCTTTTTCTTG TCCTCATGTTTGTGCAGGAG any spheroids and was cul-
tured by replacing medium

Twist 1  GGAGTCCGCAGTCTTACGAG TCTGGAGGACCTGGTAGAGG

instead of passaging.

Twist 2 AGCGACGAGATGGACAATAAGATGACC CGGTCCGGAGGTGGGTGGCG

Vimentin  ACAACCTGGCCGAGGACATC

AGAGACGCATTGTCAACATCCTG

Multicolor flow-cytometric

allow the generation of spheroid from 3 cervical
cancer cell lines and whether these cultures
were enriched for cells with CSCs-like or EMT
function and phenotype.

Material and methods
Cell lines and cell culture

Three human cervical cancer cell lines SiHa,
HelLa and CaSki, were purchased from the
American Type Culture Collection (Manassas,
VA). All cell lines were maintained in Eagle’s
Minimum Essential Medium (EMEM) obtained
from Sigma Chemical Co. (St. Louis, MO), sup-
plemented with 10% fetal bovine serum (FBS;
Biochrom, Berlin, Germany), and 1% Penicillin
and Streptomycin (10,000 U/ml and 10,000
mg/ml, respectively; Biochrom) at 37°C in 5%
CO,.

Spheroid cell formation assay

Adherent monolayer cells were cultured in nor-
mal 10 cm? culture flasks (BD Sciences,
Franklin Lakes, USA) in DMEM containing 10%
heat inactivated FBS and 1% Penicillin/
Streptomycin, until 70-75% density. Culture
medium was discarded and cells were washed
with PBS without Ca?'/Mg?*. PBS was aspired
and 1 ml Trypsin/EDTA (Biochrom AG, Berlin,
Germany) was added. Cells were shaken off by
tapping the plate, resuspended in Quantum
263 medium (Biochrom AG, Berlin, Germany),
supplemented with 10 ng/mL Epidermal
Growth Factor (EGF) and 10 ng/mL base
Fibroblast Growth Factor (bFGF) (Biochrom AG,
Berlin, Germany). To generate spheroids, single
cells were plated in Corning* Ultra-Low
Attachment flasks (Corning, New York, USA) at
a specific density of 2 x 10% cells/ml. Cells were
kept in the incubator at 37°C in humidified
atmosphere with 5% CO,,. After 5-7 days, spher-
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analysis and sorting (FACS)

The identification of aldehyde dehydrogenase 1
(ALDH1) activity from spheroid-derived and
monolayer-derived cells was conducted by
using the ALDEFLUOR assay (StemCell
Technologies, Durham, NC, USA). Spheroids
were disaggregated into single cells by Trypsin/
EDTA digestion. The single cell suspension was
washed twice in PBS buffer then suspended in
ALDEFLUOR assay buffer containing ALDH sub-
strate (BAAA, 1 mol/L per 1 x 10° cells) and
incubated for 40 min at 37°C. As a negative
control, for each sample of cells an aliquot was
treated with 50 mmol/L diethylaminobenzalde-
hyde (DEAB), a specific ALDH inhibitor.

For FACS, cells were resuspended in PBS buffer
at 1 x 107 cells per mL and separated on an
Aria cell sorter (BD Biosciences). The sorted
cells could not be assessed for purity by reanal-
ysis due to the low numbers of cells obtained.
The sorting gates were established, using as
negative controls the cells treated with DEAB.

Clone formation assay

Freshly sorted ALDH1 positive and ALDH1 neg-
ative cells were inoculated into Ultra-low attach-
ment 96-well plates at a density of 1000 cells/
mL in Quantum 263 medium supplemented
with 10 ng/mL EGF and 10 ng/mL bFGF. Culture
medium was replaced every three days. After 2
weeks, the colonies contained in each well
were counted and photographed.

Invasion assay

Cells cultivated in a monolayer or in a spheroid-
culture were separated into single cells by care-
ful trypsin digestion and resuspended in 1%
BSA-DMEM culture medium. Cells (5 x 10%)
were seeded into the upper compartments of
BD BioCoat™ Matrigel Invasion Chambers (BD
Bioscience), and DMEM supplemented with
10% FBS was added to the lower compartment
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Figure 1. Spheroids generated from cervical cancer cell lines in serum-free medium have self-renewing capacity.
Example of SDC formed by CaSki (A), HeLa (B), and MRIH215 (C) in suspension cultures in defined serum-free me-
dium supplemented with bFGF and EGF after 7-10 days in culture(magnification x 200). (D) Spheroid adhering and
growing to confluence after replating into flasks coated for tissue culture.

according to manufacturer’s instructions. The
invasion chamber was kept for 24 h at 37°C in
a humidified atmosphere containing 5% CO,.
After incubation, the non-invading cells were
removed from the upper surface of the mem-
brane by gentle scrubbing, and the cells on the
lower surface of the membrane were stained
with crystal violet. Cell counting was facilitated
by photographing the membrane through the
microscope and 3 fields per membrane of tripli-
cate membranes were counted under 200 x
magnification  (Axiovert, Axiovision, Zeiss,
Germany).

Immunofluorescence staining

For immunofluorescence staining, spheroids
were fixed in 4% paraformaldehyde and blocked
in medium containing 10% FCS and 0.5% Triton.
Cells were stained over night at 4°C with the
pluripotency markers Sox2 (monoclonal anti-
body, Epitomics, Abcam, USA), OCT4 (monoclo-
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nal antibody, Abcam) and Nanog (monoclonal
antibody, Abcam). Alexa Fluor 488 (Invitrogen)
antibodies were used as secondary antibodies.
Excess antibodies were washed away by PBS
and then cells were fixed again using 4% para-
formaldehyde. Cells were finally mounted in
VECTASHIELD® Mounting Medium with DAPI
(Vector Laboratories). All staining were exam-
ined under a fluorescence microscope (Nikon,
Japan).

Quantitative real-time PCR

Real-time RT-PCR analysis was also conducted
to measure the expression level of EMT related
genes: Twist 1, Twist 2, Snail 1, Snail 2, Vimentin
and E-cadherin (Table 1). Briefly, 1 ug of total
RNA from each sample was subjected to
reverse transcription using the High-Capacity
RNA-to-cDNA Kit (Applied Biosystems) accord-
ing to the manufacturer’s protocol. Real-time
PCRs were then carried out in a total of 25 uL
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Figure 3. Clone formation assay with FACS-sorted
and cloned cells. Mean values + SD of three determi-
nations. Statistically significant differences are *P <
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reaction mixture (2 pL cDNA, 12.5 pL of 2 x
SYBR Green PCR Master Mix from Applied
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analyze statistical significance of the data.
Results
Spheroid formation of cervical cancer cell lines

Spheroid culture is widely used as it provides
an in vitro 3-dimensional (3D) model to study

Int J Clin Exp Pathol 2015;8(1):847-855
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proliferation, cell death, differentiation, and
metabolism of cells derived from tumors and
the response of tumor cells to radiotherapy and
chemotherapy. Furthermore, it is also easier to
enrich CSC populations when compared to
other methods. The ability of purified CSCs to
grow anchorage independently and to form
spheres in cell culture has been demonstrated
for breast, prostate, colon, head and neck, pan-
creatic, and melanoma derived CSCs. Here, we
selected spheroid culture as an essential step
to enrich for CSC-like populations from our cer-
vical cancer cell lines.

Cells from three cervical cancer cell lines were
grown in suspension at low density in defined
serum-free medium with bFGF and EGF for 7-14

851

300- SDC

Figure 4. ECM inva-

sion assay. Represen-
* tative figures of SDC
and MDC in lower
chamber in transwell
invasion assay. Mag-
nification in all figures:
x 200 (A). Boxplot
of the transwell inva-
sion assay results.
Mean values + SD of
three determinations
(B). Statistically signif-
icant differences are
*P < 0.05; (Student’s
t test).

days. The spheroid formation usually started at
the first day after starting suspension culture
and the size became progressively larger. At
days 3-5 an initial spheroid formation could be
observed. After 4-7 days the morphology of
spheroids would not change in size, but the
number of spheroids still continued to grow.
CaSki formed spheroids which were highly com-
pact (Figure 1A). HeLa formed only loose aggre-
gates of cells (Figure 1B). SiHa never formed
any spheroids (Figure 1C). When the spheroids
were transferred back to a regular tissue cul-
ture flask coated for monolayer cell culture, the
spheroids adhered to the flask and cells grew
out from the spheroid and formed a confluent
monolayer. The phenotype of these cells was
identical to the parental cell lines (Figure 1D).

Int J Clin Exp Pathol 2015:8(1):847-855



Epithelial-mesenchymal transition in cancer stem-like cells

DAPI SOX2 Merge

DAPI Oct4 Merge

DAPI Nanog Merge

Figure 5. Analysis of the expression of SOX2, Nanog and Oct4 expression by immunofluorescence staining in MDC

versus SDC.

ALDH1 expression in cervical cancer cell lines

We measured ALDH1 enzymatic activity of the
SDC (spheroid derived cell) of 3 cervical cancer
cell lines and their matched MDC (monolayer
derived cell) to verify the presence of a stem
cell-like population. As control cells incubated
with ALDEFLUOR substrate (BAAA) together
with the specific ALDH inhibitor (DEAB) were
used to establish the background fluorescence
and to define the ALDH1 positive population
(Figure 2A).

As it is shown in Figure 2B, MDC and SDC of
CaSki showed the highest expression of ALDH-
positive cells (MDC: 6.70 £ 1.59%, SDC: 22.70
+ 3.57%) (P < 0.05) as compared to HeLa (MDC:
3.25 £ 0.97%, SDC: 7.56 + 1.77 %) (P < 0.05)
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and SiHa (MDC: 5.11 + 1.53%, SDC: 10.79 +
3.27%) (P < 0.05). The data showed that SDC
from all 3 cell lines had a significantly increased
frequency of ALDH expressing cells as com-
pared to parental MDC.

ALDH1* cells in cervical cancer cell lines
exhibit higher clonogenic ability than ALDH1
cells

In order to determine the clonogenic ability of
ALDH1 sorted cells in vitro, a clone formation
assay was conducted. After 14 days of culture,
the colonies that formed were quantified mac-
roscopically (Figure 3). The ALDH1" subpopula-
tion in CaSki and HelLa cell lines have a higher
clone formation efficiency as compared to the
ALDHZ1 subpopulation (**P < 0.05).

Int J Clin Exp Pathol 2015;8(1):847-855
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SDC exhibit increased invasion capacity over
MDC in vitro

We compared the invading capacity of cells
either raised in spheroid or monolayer culture
by transwell invasion assay. SDC from all three
tested cell lines showed a significantly
increased invasion capacity of 2.3 to 7.4 fold
over the parental control (Figure 4).

Intracellular localization of Sox2, Oct4 and
Nanog in spheroid-forming cells

To examine the subcellular localization of
embryonal proteins Sox2, Oct4 and Nanog in
spheroid-forming cells, immunofluorescent
staining of Sox2, Oct4 and Nanog was per-
formed. Sox2, Oct4 and Nanog proteins were
positively stained within the perinuclei and
cytoplasm of the spheroid-forming cells (Figure
5).

Overexpression of EMT-associated genes in
SDC

SDC from all 3 cervical cancer cell lines dis-
played characteristics of EMT by displaying
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Figure 6. Quantitative PCR analysis of mMRNA expres-
sion of EMT-related genes. Mean values + SD of
three determinations. Statistically significant differ-
ences are *P < 0.05; (Student’s t test).

lower expression levels of E-cadherin and
increased levels of Twist 1, Twist 2, Snail 1,
Snail 2 and Vimentin compared to MDC (Figure
6). These results further support the link
between EMT and the acquisition of stem cell
properties.

Discussion

CSCs are thought to be responsible for tumor
maintenance, progression, and relapse of the
disease due to, in part, an exhibition of multiple
resistance mechanisms to chemotherapy and
radiotherapy [8]. To date, the existence of CSCs
has been documented in a number of human
cancers, such as leukemia, breast cancer,
prostate cancer, bladder cancer, lung cancer,
head and neck cancer, liver cancer, ovarian
cancer, colon carcinoma, malignant melanoma,
cervical cancer, pancreatic cancer and Ewing
sarcoma [9-20].

The spheroid formation assay is widely used to
define CSC subpopulations. The stem cell-like
characteristics of these cells were analyzed by
comparing surface antigen expression and the
expression of embryonal transcription factor

Int J Clin Exp Pathol 2015:8(1):847-855
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that are markers of stemness. ALDH1 has been
considered to be a marker for CSCs. As exem-
plified in breast cancer, for example, Ginestier
et al. [21] reported that cells with high ALDH
activity contain the tumorigenic cell fraction,
are able to self-renew and to recapitulate the
heterogeneity of the parental tumor. In our
study, we found that SDC from all three cervical
cancer cell lines contained a significantly high-
er number of ALDH1 positive cells than their
corresponding MDCs. Cancer and normal stem
cells (SCs) share proliferative properties of self-
renewal and expression of key transcription
factors. Nanog, Oct4, and Sox2 are the core
regulators of mouse embryonic stem cell pluri-
potency and they cooperatively maintain the
regulatory network responsible for self-renewal
and pluripotency [22]. In our study, Oct4, Sox2,
and Nanog were highly expressed in SDC
derived of the three cervical cancer cell lines,
which demonstrates that spheroids subculti-
vated from cancer cell lines exhibit CSC charac-
teristics and are therefore useful for CSC
research.

The spheroid-forming ability was found to cor-
respond to expression of established CSC
markers. However, it is reported that the spher-
oid-forming ability was not always reflected in
tumor-initiating properties in vivo. In our experi-
ments, we found that the three cervical cancer
cell lines showed varying ability to form spher-
oids. The cervical cancer cell line SiHa that
never formed any spheroids, also showed, after
anchorage independent growth under culture
conditions for spheroids, along with the
increase of ALDH1 positive population when
compared with adherently grown MDCs.

EMT plays a role in the generation of high-grade
invasive cells with cancer stem cell-like proper-
ties [23]. This correlation between EMT and
CSCs may provide a direct link between the
CSCs and the metastatic potential of cancer.
Characteristic changes during EMT include
down-regulation of epithelial markers such as
E-cadherin and up-regulation of mesenchymal
markers like Vimentin. The EMT process is initi-
ated by suppression of E-cadherin expression
by the major EMT regulators, such as Snail and
Twist [24]. The zinc-finger transcriptional
repressors Snail 1 and Snail 2 and the basic
helix-loop-helix (bHLH) transcription factor-
Twist 1 were shown to induce EMT through
repression of E-cadherin expression [25]. In our
study, a significant decrease of E-Cadherin
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expression could be demonstrated in SDC. In
addition, the expression of Twist 1, Twist 2,
Snail 1, Snail 2 and Vimentin were up-regulated
in SDC in the three cervical cancer cell lines.
These suggest that cervical cancer SDC display
EMT characteristics which together with their
capacity to migrate through the basal mem-
brane (invasion assay), are necessary for
metastasis. We believe that cells derived from
spheroids, which had undergone a transition to
a mesenchymal phenotype, maintained CSC-
characteristics such as expressing a high level
of the CSC marker ALDH1, increased invading
capacity, and elevated protein levels of stem
cell-related transcription factors such as
Nanog, Sox2, and Oct3/4.

In summary, in this study we provide an anchor-
age independent culturing method of cervical
cancer cell lines suitable for the enrichment of
cells with cancer stem cell properties and of
cells undergoing EMT. Functionally, SDC from
all three cervical cancer cell lines showed sig-
nificantly higher invasion capability than their
corresponding monolayer cells. FACS sorted
ALDH1" cells displayed higher colony forming
efficiency than ALDHZ cells. Our findings may
prove it useful to uncover the characteristics of
EMT in vitro and thus support in vivo studies
that investigating the role of CSC and EMT in
the spread of cervical cancer.
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