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Abstract. Colorectal cancer (CRC) is one of the most common
solid organ cancers prevalent worldwide causing, in spite
of advancing therapeutic methodology, high rate of patient
mortality, especially due to metastasis development. The
cancer stem cell (CSC) theory of tumor growth indicates that
CSCs within the tumor mass have great capacity to initiate
and sustain tumor growth. Following the suggestion that Fas
signaling can be engaged in apoptosis, tumor maintenance,
senescence or DICE (death induced by CD95 or CD95L elimi-
nation), the attempts to broaden the knowledge concerning the
relationships between CSCs features and FasR/FasL appeared
to be necessary. The most important advantage of our study
was the simultaneously analysis of CSCs from commonly
used CRC lines (HCT116 and HT29) and tumor fragments
collected from CRC patients. Moreover, the sphere-promoting
expansion of CRC lines brought a specific three-dimensional
specific environment for CSC exploration. We further inves-
tigated the function of Fas signaling in CRC lines depending
on the culture mode as we incubated HCT116 and HT29
cells with anti-FasR agonistic antibodies. It appeared to act
in a line-dependent and culture mode-dependent manner
and influenced some particular features of CSCs such as
spherogenicity, proliferation and phenotype. Additionally, the
analysis of mRNA level showed that disease progression is
associated with significantly increased expression of FasR
and/or FasL. In conclusion, our observation seems to confirm
that spherical model of cancer lines is more reliable for some
sophisticated analysis because of their greater resemblance
to the CSCs from human CRC samples in comparison to
commonly used adherent cells, at least according to aspects

Correspondence to: Dr Magdalena Szaryfiska, Department of
Histology, Medical University of Gdansk, Debinki 1, 80-210 Gdansk,
Poland

E-mail: mszarynska@gumed.edu.pl

Key words: cancer stem cells, FasL, FasR, colorectal cancer

of their biology analyzed in this study. That can be extended
to the resemblance of in vitro sphere forming conditions to
the in vivo environment. However, the greatest difference
concerns the level of apoptosis, thus, this issue require further
experiments.

Introduction

The cancer stem cell (CSC) model is an attractive hypothesis
that translates properties of normal stem cells into the cancer
field, and explains some of the most lethal features of cancer.
The CSC model proposes that the cells within the tumor are
hierarchically organized and predicts the existence of the
subpopulation of cells with high tumorigenicity that are able
to both self-renew and to generate differentiated cancer cells
(non-CSCs) (1,2). CSCs are thought also to be responsible
for relapses of disease, sometimes years after chemo- or
radiotherapy (3). Therefore, elucidating the mechanisms of
CSC maintenance is important for understanding tumor cell
persistence and relapses and may enable specific targeting of
CSCs as a potential therapeutic strategy to stably eradicate
cancer (4,5).

The most established pro-apoptotic activity of FasR (CD95,
Apo-1) is to mediate the apoptosis of either virus-infected cells,
useless/autoreactive T cells or cancer cells when engaged by a
CD8" cytotoxic T lymphocytes (6). The fact that almost all
known cancer cells express FasR, and the observation that the
most cancer cells are resistant to apoptosis induction, suggests
that stimulation of FasR may not be an effective approach to
eliminate cancer cells comprising the main mass of tumor. In
addition, stimulation of FasR could never be used in targeted
therapy because of major side effects such as massive apop-
tosis induced in the liver (7).

FasR signaling has also been reported to have non-
apoptotic activities (8,9), important, for example, for liver
regeneration (10), migration of renal epithelial cells (11) and
development of neurons (12,13). Functional evidence of a
pro-survival function of FasR/FasL signaling in normal stem
cells came from experiments which showed that the stimula-
tion of FasR in neuronal stem cells did not cause cell death
but rather increased cell survival. Additionally, deletion of
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FasR resulted in reduced neurogenesis. Because cancer stem
cells are supposed to originate from normal stem cells, FasR
was found to gain pro-survival functions within tumors,
improving growth, proliferation and invasion due to induction
of cancer-associated signaling pathways such as: NF-xB and
MAP-kinases (8,14,15).

The meaning of FasR/FasL signaling for CSC survival
and maintenance of their specific features was the goal of
experimental analysis conducted on various cancer cell lines,
including colorectal, breast, ovarian, glioblastoma and renal
cancer. The stimulation of FasR induced a conversion from
non-CSCs to CSCs what was suggested to depend on retro-
differentiation mechanism (16). Additionally, the inhibition of
FasR activity with recombinant trimerized FasL (CD95L-T4)
reduced cancer cell growth and metastasis after xenotrans-
plantation of pancreatic ductal adenocarcinoma collected
from 35 patients into a mouse model (17). The glioblastoma
tumor cells collected from patients show the correlation
between FasR expression and the presence of stem cell-like
markers. FasR"e" cells revealed high self-renewal in vifro and
high tumorigenic potential in vivo (18). CSCs were found to be
almost completely resistant to CD95-mediated apoptosis and
stimulation of FasR increased the number of CSCs and also
prevented differentiation of these cells, suggesting that FasR
expression on cancer cells maintains the CSC pool (6,16).

It has been shown that the expression of FasR/FasL in
colorectal cancer (CRC) is associated with worse prog-
nosis, metastasis and recurrence of disease (19-24). It has
been presented that the elimination of either FasR or FasL
cause the cancer cells to die (in vitro and in vivo) through a
process termed as DICE (death induced by CD95 or CD95L
elimination). DICE is a necrotic form of mitotic catastrophe
characterized by cell swelling, ROS production causing DNA
damage and activation of caspase-2 following mitochondrial
outer membrane permabilization (6,25). The inhibition of
DICE seems to be hardly possible because many different
death pathways are induced. These observations suggest that
DICE is a naturally occurring antitumor defense mechanism,
which are able to eliminate cancer cells devoid of proper
pro-apoptotic FasR/FasL signaling. The activity of FasR as a
pro-survival factor seems to be mostly relevant to cancer stem
cells, since cancer cells rarely or even never have mutated
or deleted both alleles of FasR. Additionally, such potential
therapeutic strategy seems to be safe since it was shown that
none of the normal tissues during embryonic development in
FASR/FASL-knockout mice showed growth defects or signs
of cell death (6,25).

It is well accepted that spheroid cultures preserve more
faithfully the characteristics of original tumor, including
gene expression profiles, cellular heterogeneity, morphology
and distribution depending on the access to oxygen, nutrients
and growth factors, in comparison to adherent cultures (26).
Spheroids mirror more reliably the three dimensional cellular
context and relevant pathophysiological gradients of in vivo
tumor, however, to which extent sphere formation assays favor
the enrichment of CSCs is not fully clear yet. Spheres contain
also differentiated/differentiating tumor cells which after
leaving the original sphere cannot survive in in vitro environ-
ment and undergo anoikis related to cessation of epithelial-like
adhering properties.
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Importantly, most of the studies demonstrating CSC
properties expanded in a spherical form were conducted on
cancer cell lines of different origin, for example breast, lung,
ovarian and colon (26-31). Most of our attempts to characterize
spheroid cultures derived from fresh surgical CRC specimens
and to compare them with commercially available CRC
lines (HCT116 and HT29) seem to be very advantageous.
In our study we focused on the analysis of the presence of
both Fas ligand and its receptor on CRC stem cells in two
cell lines: HCT116 and HT29, which appeared to be very
useful for analyzing the resemblance of in vitro settings to
in vivo environment after we modified their expansion model
to SC-promoting. We wished to determine the relationships
between the expression of FASR/FASL and other CSC features
crucial/necessary for CRC stem cell success. Moreover, we
also examined the general expression of both proteins in CRC
samples to find the relationships between FASR/FASL mRNA
level and the disease progression level. We hoped to add to the
knowledge concerning the usefulness of cancer cell lines for
chemotherapeutics activity/effectiveness analysis for potential
clinical applications. FasR/FasL activity is still highly contro-
versial since it is suspected to be engaged in the regulation
of apoptosis, senescence and survival depending on the entire
niche environment (6,15,32). Further studies are, however,
needed to clarify the detailed signaling relationships between
proteins from FasR/FasL-induced pathways.

Materials and methods

All human samples used in the scope of this study were
donated freely and written informed consent was obtained
from the donor for the use of its sample in particular research
part. Ethics approval was obtained from The Independent
Bioethics Commission for Research of the Medical University
of Gdansk.

Isolation and expansion of CRC primary cell lines. Freshly
resected colon tumor tissue from 20 CRC patients from
Department of General, Endocrine and Transplant Surgery,
Medical University of Gdansk, Invasive Medicine Centre,
Gdansk, Poland was collected and immediately processed
in culture. All experimental chemicals were purchased from
Sigma-Aldrich, Poznan, Poland, except for growth factors,
which were purchased from R&D Systems, Biokom, Warszawa,
Poland. Tissues were washed several times in serum-free
Dulbecco's modified Eagle's medium (DMEM)-F12 supple-
mented with antibiotic-antimycotic agent. The specimens
were minced into 1-2-mm? pieces followed by incubation in
collagenase (20 ng/ml) and hyaluronidase (20 ng/ml) for 1.5 h
at 37°C. Single cell suspension was obtained by mixing every
15 min and by filtration through a 70-pm cell strainer. Primary
colon spheroid culture (SC) were maintained in serum-free
stem cell medium containing DMEM-F12 supplemented with
ITS Liquid Media Complement (1X), BSA (4 mg/ml), glucose
(3 ml/ml), HEPES (5 mM), L-glutamine (2 nM), progesterone
(20 nM), putrescine (9.6 ug/ml), heparin (4 ymg/ml), EGF
(20 ng/ml), bFGF (20 ng/ml), and antibiotic-antimycotic solu-
tion (1X). This medium will further be referred to as stem cell
medium (SCM). For the need of this study, we used only early
passaged SCs for analysis.
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Expansion of HCTI116 and HT29 cell lines in adherent and
spheroid cultures. The HT29 and HCT116 human colon
adenocarcinoma cell lines [obtained originally from the
American Type Culture Collection (ATCC), Manassas, VA,
USA] were employed in this study. The cells were cultured
routinely as a monolayer in Dulbecco's modified Eagle's
medium (DMEM), supplemented with 10% fetal bovine serum
and 1% penicillin-streptomycin and 2 mM L-glutamine and
incubated at 37°C under a humidified atmosphere of 5% CO,.
The cells were serially subcultured by trypsin treatment when
they achieved 80% confluency and the medium was renewed
2-3 times/week.

For the culture of spheroid forms of HCT116 and HT29
cell lines, they were grown in SCM characterized as indicated
above. These cultures were maintained under these conditions
for 5-6 passages before being used for experiments.

Cell death assay (7AAD). For cell death evaluation the 7AAD
Via Probe (BD Biosciences, USA) was used. After adding
10 ym of Via Probe samples were incubated for 30 min,
washed and resuspended in PBS prior to cytometric analysis.

Flow cytometric analysis of cell phenotype. CRC lines and cells
separated from human tumor fragments were stained with the
following cocktail of monoclonal antibodies purchased from
BD Biosciences: anti-CD29-APC (clone MAR4, IgGlx), anti-
CD44-FITC (clone C26, IgG2bk), anti-CD95-PE (clone DX2,
C3H/Bi IgGlx), anti-FasL Biotin (clone NOK-1, IgG1) coupled
with streptavidin-APC. Anti-CD133/2-PE (clone 293C3,
IgG2bk) monoclonal antibodies were purchased from Miltenyi
Biotec. After 30-min incubation in the dark, samples were
fixed with 1% PFA on ice and prepared for further analysis.
Flow cytometric analysis was performed using FACSCalibur
flow cytometer (BD Biosciences).

Measurements of cytokine concentrations. The level of
soluble FasL was analyzed in supernatants from cultures
of CRC lines and CSCs isolated from CRC patient tissues
using BD Cytometric Bead Array Flex Set system kits
(BD Biosciences) according to the manufacturer's instruc-
tions. Briefly, capture beads were transferred into all tubes
and samples were incubated for 1 h at RT. Afterwards, PE
detection reagent was added to all tubes, which were incu-
bated for 2 h at RT. The captured beads, detection reagent
(reporter antibodies) and samples were incubated together to
form sandwich complexes. After double washing the samples
were resuspended in washing buffer and analyzed in a flow
cytometer. Fluorescence intensity was proportional to the
amount of a given cytokine in a vial and estimated according
to the standard curves acquired after analysis of standard dilu-
tions. Data from cytometric analysis were transformed into
graphical and tabular formats using FCAP Array Software.
Finally, results were presented as pg/ml.

Analysis of apoptosis. Levels of cell apoptosis were measured
using an Annexin V-FITC Apoptosis Detection Kit™
(BD Biosciences), according to the manufacturer's instruc-
tions. Briefly, 5x10° cells were suspended in a staining mixture
comprised of 100 ul binding buffer, 5 ul Annexin V-FITC
and 5 pl propidium iodide. After 15-min incubation in RT,
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in the dark, samples were diluted in binding buffer and
prepared for further analysis. Flow cytometric analysis was
performed within 30 min using FACSCalibur flow cytometer
(BD Biosciences).

Incubation of cells with anti-FasR antibodies. Cells were
seeded into the wells and stimulated with the usage of
anti-FasR (BD, IgM, clone EOS9.1) or concomitant control
antibodies (Thermo Fisher Scientific) in the concentration of
200 ng/ml. The medium was replaced every 2-3 days to keep
the concentration of antibodies at equally high level. After
14 days of the culture the cells were analysed.

Quantification of sphere sizes. Analysis of sphere sizes
obtained from cells cultured in sphere-forming media after
2 weeks of continuous treatment with either anti-FasR mono-
clonal antibodies or IgM control antibodies with the using of
inverted microscope Olympus-CKX53 coupled with digital
camera Olympus SC50. At least 50 spheres of each experi-
mental option were measured.

Material used for real-time PCR. The specimens were obtained
from Department of General, Endocrine and Transplant
Surgery, Medical University of Gdansk, Invasive Medicine
Centre, Gdansk, Poland and Department of Hepatology and
Gastroenterology, Faculty of Medicine, Medical University
of Gdansk, Poland from 2012 to 2014. Clinical data were
collected at the time of enrollment (Table II). The study
included 65 patients with CRC; 32 males and 33 females (mean
age + SD 68.1£11.8; range, 31-91 years). The exclusion criteria
were: development of a second neoplastic disease, previous
chemo- and/or radiotherapy, tumors located in anal canal
and anus. The control group comprised 20 healthy subjects,
7 males and 13 females (mean age 57+14.2; range, 21-76 years)
who underwent colonoscopy as a part of a routine screening
for CRC. None of the sample donors suffered from inflamma-
tory bowel disease, had a family history of CRC or were taking
medications.

All steps regarding sample collection and proceeding
were previously described (33). Briefly, CRC samples were
obtained during surgical hemicolectomy (5x5x5 mm), whereas
control group specimens were collected during colonoscopy
(2x2x2 mm). Collected material was divided for histopatho-
logic examination and molecular studies and tissues were
processed within 20 min. after tumor resection. In control
patients, one biopsy (2x2x2 mm) was fixed in 10% buffered
neutral formalin for routine histological examination, whereas
two specimens from the nearest location were collected for
nucleic acid analyzes. Both tumor samples and mucosal
biopsies were immediately placed in sterile vials containing
RNAlater (Ambion-Life Technologies, Grand Island, NY,
USA), left for 6 h at 4°C and then stored at -25°C until further
analyses.

Nucleic acids extraction and reverse transcription. Total RNA
was extracted from part of tumor samples (3x5x5 mm) and
whole-sized mucosal biopsies of control patients using Total
RNA kit (A&A Biotechnology, Gdynia, Poland) according
to the manufacturer's protocol. Isolated RNA was quantified
by spectrophotometry (Nanodrop ND 1000; Thermo Fisher
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Figure 1. The phenotype of HCT116 and HT29 cells expanded in adherent and spherical form (n=14 for each cell population) and cancer cells isolated from

human CRC fragments (n=20). y-axis presents cells of the given phenotype frequency (%). Bars and whiskers represent mean = SEM (" or

*, statistical signifi-

cance p<0.001 and p<0.05, respectively; ANOVA Kruskal-Wallis test). (A) The count of cells according to the presence of CD133 marker on their surface.
(B) The count of cells from patient samples divided according to the average value of CD133* cell proportion (64%). (C and D) Detailed phenotypic analysis

of all experimental sets.

Scientific, Fitchburg, WI, USA). DNA was digested with
RNase-free DNase I (Fermentas; Thermo Fischer Scientific,
Fitchburg, WI, USA) for 30 min at 37°C; afterwards DNase
was inactivated by addition of EDTA and incubation at
65°C for 10 min. Before storing at -85°C, RNA integrity was
analyzed by agarose gel electrophoresis. Total RNA (2 ug)
were reverse-transcribed using 0.5 g oligo(dT)18 primers
(Sigma-Aldrich, Munich, Germany) and 200 U of RevertAid
M-MuLV Reverse Transcriptase (Fermentas; Thermo Fischer

Scientific) in a total volume of 20 yl and resulting cDNA was
stored at -25°C.

Quantitative PCR assay for FASL and FASR mRNA level.
Quantification of FASL and FASR gene expression was carried
out using StepOne Plus (Applied Biosystems, CA, USA) with
SYBR® Green I as a fluorophore. FASL and FASR expression
rates were determined by the comparative method 2-2%°T (34)
in relation to the geometric mean of the expression level of
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PGK1 gene (normalization study results have not been
published yet). QPCR conditions were validated, showing
90-100% efficiency for all assays. The amplification primer
pairs were: 5-GTTGACCGAATCACCGACCTCTC and
5-AGAACAGAACATCCTTGCCCAGC for PGK1, 5-TTCC
ACCTACAGAAGGAGCTGGC and 5'-AGGTGTCTTCCC
ATTCCAGAGGC for FASL, 5-GTGAACACTGTGACCCTT
GCACC and 5'-CCTCTTTGCACTTGGTGTTGCTG for
FASR, respectively.

The reaction mixture (15 pl) included 0.15 pl of four times
diluted reverse transcription product (cDNA), 0.2 uM forward
and reverse primers each, and SensiFast NoRox SYBR Green
(with EvaGreen fluorophore) (BioLine, London, UK). All
reactions were performed in duplicate. For the studied genes
the amplification profile was: 300-sec denaturation at 95°C,
followed by 38 cycles of 5-sec denaturation at 95°C, 10 sec
annealing at 58°C for 10 sec, elongation at 72°C for 15 sec and
5 sec fluorescence reading at 77-80°C. Dynamic melt curve
analysis was applied to all reactions. Data were automatically
collected and analyzed by StepOne Plus software ver. 2.2
(Applied Biosystems).

Statistical analysis. All data obtained during the study were
analyzed with the use of GraphPad Prism ver. 6.05 (GraphPad
Software, San Diego, CA, USA) and the software Statistica 12
(Statsoft, Poland) according to some non-parametric tests:
U Mann-Whitney, Kruskal-Wallis ANOVA, Fisher's 2x2 exact
test, Spearman's correlation. Values of p<0.05 were considered
as statistically significant. The results are presented as average
value + SD.

Results

Cytometric analysis of CRC cells. We evaluated the CSC
enrichment of CRC lines cultured under two distinct modes:
spherical and adherent with the use of cytometric analysis of
commonly used stem cell surface markers. We could observe
that the adherent HCT116 and HT29 lines contained 100% of
CD133* cells, whereas the conversion of culture conditions
from adhering into sphere-forming was accompanied by the
decrease of the CD133* cell proportion to 70+11 and 41+4%
for mentioned CRC lines, respectively. Our analysis revealed
that spherical HT29 cells presented higher content of CD133"
cells in comparison to HCT116 line. Generally, adherent cells
were more enriched in CD133*CD44+*CD29* CSCs, whereas
their spherical counterparts presented major heterogeneity, so
HCT116 contained more CD133*CD44*CD29* (61+8%) and
HT29 more CD133-CD44 CD29" (41%=8) in general popula-
tions (Fig. 1). Additionally, adherent CRC lines (HCT116 and
HT?29) presented higher proportion of cells carrying FasR and
FasL on their surface in comparison to their spherical coun-
terparts (Fig. 2).

Because of high diversity of patient-derived spherical
cultures, which appeared to contain varying proportion
of CD133* cells (ranging from 9 to 98%), we divided our
samples according to CD133 average number (average
value was 64%) into 2 groups: with high (85£10%) and low
(28+1.4%) CD133* cells proportions. We found these groups
significantly different (Fig. 1B). Further analysis indicated the
strong correlation between the time of their survival in vitro
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Figure 2. The analysis of FasL (A) and FasR (B) presence on the surface of
HCT116 and HT29 cells expanded in adherent and spherical form (n=14 for
each cell population) and cancer cells isolated from human CRC fragments
(n=20). y-axis presents cells of the given phenotype frequency (%). Bars and
whiskers represent mean = SEM (" or 7, statistical significance p<0.001 and
p<0.05, respectively; ANOVA Kruskal-Wallis test).

(R=0.9) and the number of CDI133* cells. The cells expanded
in vitro for at least 5 passages revealed to be highly enriched in
CD133" cells in contrast to short-lasting expansions (p<0.001,
Kruskal-Wallis ANOVA) which we could maintain only for
2-4 days in vitro.

It has been shown that FasL can be found in two different
forms: a membrane-bound (mFasL) and a soluble form (sFasL)
that is generated through cleavage of mFasL by metallopro-
teinases (35). To test that issue in our experimental settings, we
evaluated the presence of sFasL in tumor conditioned media
from tumor cells expanded in vitro of both CRC lines and
patient-derived samples. Surprisingly, we found that none of
the analyzed cell populations released soluble FasL, whereas
control leukocytes released up to 120 pg/ml of sFasL, repre-
senting unambiguous proof of methodological effectiveness.

The cytometric analysis of cell death and/or apoptosis.
Because the Fas signaling in its canonical form is pro-
apoptotic, we decided to correlate the dying/apoptosis rate
with all previously presented parameters. The proportion
of dying/apoptotic cells was assessed with the use of flow
cytometric methodology utilizing different dyes: 7AAD and
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Annexin V-FITC+PI (Fig. 3). The cell death was quantified
during each passage to test if it changed along the expan-
sion time. Our analyses confirmed that HCT116 and HT29
cells expanded in adhering forms had much lower tendency
for apoptosis as we found up to 5% of 7AAD™ cells. The
increase of both Anexin*/PI* and 7JAAD* cell proportion
during sphere-forming culture was ranging from 60 to
76%. Although, a substantial number of cells died, the
overall cell number maintained at the same level or even
slightly increased as we were measuring at each passage.
Surprisingly, when we compared the CSC-enriched cultures
derived from patient samples, we found that these cells were
resistant to apoptosis thus the proportion of dying/apoptotic
cells was very low and was ranging from 2 to 5% (Fig. 3). The
number of patient-derived cells undergoing apoptosis was
statistically significantly lower in comparison to HCT116 and
HT-29-derived spherical cultures (p<0.001, Kruskal-Wallis
ANOVA). We found some significant correlations between
the proportion of cancer cells CD29* and the proportion of
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Table I. Correlations between the proportion of cells carrying
different surface markers measured during each passage of
spherical cells of both CRC lines (HCT116, HT29, n=14 for
each line) and cells from CRC patients (n=11) (Spearman's
rank correlation coefficients, p<0.05).

Correlated markers R-values p-values
p<0.05
FasR
CD133 0.8 0.001
CD44 0.7 0.001
CD29 -0.8 0.0191
FasL.
CD133 03 0.0351
CD44 046 0.0020
CD29 0.6 0.001
7AAD
CD133 -0.6 0.001
CD44 00 0.87
CD29 09 0.001
FasR -0.7 0.001
FasL 03 0.0280

dying cells during expansion in all experimental sets, the
highest correlation was observed for SC (R=0.8) (Table I). At
the same time, the presence of FasR significantly negatively
correlated with CD29* cancer cells (R=-0.8) (Table I).

The analysis of cells after incubation with anti-FasR anti-
bodies. After we exposed cancer lines to anti-FasR agonistic
antibodies which were supposed to activate canonical apop-
totic signaling, we expected this treatment would significantly
eradicate FasR* cells in particular culture type. However, along
the incubation time of adherent cells, according to the analysis
conducted at each passage, we found that anti-FasR stimulation
did not induce any significant differences concerning pheno-
type except the higher proportion of CD133*CD44-CD29*
cells in comparison to control cells (Fig. 4B). The analysis
of apoptosis rate did not show either any significant influ-
ence of such incubation (Fig. 5). Despite the luck of major
phenotypic differences the anti-Fas stimulation seemed to
inhibit the proliferation of both CRC cell lines in the adherent
form (Fig. 6A).

When we examined the features of SCs we observed that
HCT116 and HT?29 cells behaved in distinct, line-specific
way. Although we found that such prolonged FasR stimulation
resulted in expansion of CD133* cells during SCs, the only
difference for HCT116 was statistically significant. Moreover,
the detailed phenotypic analysis presented altered number of
cells bearing other CSC-like markers nevertheless the change
had opposite direction for the cell lines (Fig. 4B and C). HT29
cells answered more effectively to our stimulation since the
proportion of specific cell populations significantly changed.
Additionally, anti-FasR treatment seemed to preferentially
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influence CD44* cells since the lowered count of these cells  anti-FasR antibodies could not influence the apoptosis suscep-
among both CD133* and CD133" was observed. Using flow tibility of cells during SCs. At the same time such stimulation
cytometry to analyze dying cells we confirmed that the increased spherogenicity of CRC cells as the significantly
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Table II. Clinicopathological characteristics of CRC patients included into the real-time PCR analysis of FASL and FASR mRNA

levels.

FASL
n (% of all CRC patients)

FASR
n (% of all CRC patients)

CRC patients, n=65 Subgroups  Low (<0.985) High (>0.985) P-value® Low (<2.99) High (>2.99) P-value®
Control, n=20
Age (years) <68 n=26 5 (8) 21 (32) 0.39 15 (23) 11.(17) 0.40
68.1+11.06
(Mean = SD) >68 n=39 10 (15) 29 (45) 20 (31) 19 (29)
Range, 31-91
Sex Female 8 (12) 25 (38) 1.00 18 (18) 15 (23) 1.00
n=33
Male
n=32 7(11) 25 (38) 17 (26) 15 (23)
Tumor size (cm) <5cm 12 (18) 27 (42) 0.08 23 (35) 16 (25) 0.32
n=39
>5 cm 3 (5 23 (35) 12 (18) 14 (22)
n=26
Histological G2 13 (21) 37 (61) 043 28 (46) 22 (36) 0.73
differentiation G stage n=50
G3 1 (2 10 (16) 5 (8) 6 (10)
n=11
TNM stages
Non-metastatic TNM I=I1 6 (9 28 (43) 0.38 17 (26) 17 (26) 0.62
n=34
Metastatic TNM IV 9 (14) 22 (34) 18 (28) 13 (20)
n=31

*The comparison of FASR/FASL mRNA expression between groups of patients divided according to the used threshold based on the median
mRNA ratios of either FASL or FASR in control groups (low versus high). "p-values were calculated by Fisher's 2x2 test between groups referred

as low versus high.

increased spheres were found in comparison to control
culture (Fig. 6B).

The expression of the FASL and FASR genes at the mRNA
level. As shown in Fig. 7A, the FASL mRNA expression ratio
was approximately 80 times higher in tumor CRC samples in
comparison to level in 20 biopsies taken from control group
of non-CRC patients. Although we observed a tendency for
elevated mRNA ratio of FASR gene in tumor samples, the
difference was not statistically significant (Fig. 7B). When
mRNA median ratios of either FASL or FASR in control
groups were taken into consideration as the threshold, we
found that 50 of 65 tumor CRC samples shown increased
FASL mRNA content; for FASR such difference was not
statistically significant (in 30 samples we found increased and
in 35 decreased FASR mRNA ratio, Table II). Interestingly,
we observed positive correlation between mRNA levels of
FASL and FASR in tumor samples of CRC patients (R = 0.54,
p<0.05, Fig. 8).

Furthermore, regarding the clinicopathological data, we
found that patients with advanced CRC (TNM stages III
and IV) were characterized by ~10-fold increased FASL
mRNA content in comparison to patients with early CRC
(TNM stages I and I, Fig. 1C). We found no statistically signif-
icant differences between the expression of FASR in biopsies
from CRC in I and IT TNM stages in comparison to samples
collected from CRC patients in III and IV stages. When we
compared the data to the FASR expression in healthy tissue we
also found no significant difference.

Discussion

Colorectal cancer is one of the most common solid organ
cancers prevalent worldwide causing, in spite of advances in
therapeutic methodology, high rate of patient mortality, espe-
cially due to metastasis development. The cancer stem cell
theory of tumor growth indicates that CSCs within the tumor
mass have great capacity to initiate and sustain tumor growth.
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According to current state of knowledge, CSCs are said to be
responsible for metastasis, recurrence, relapse and resistance
to conventional chemotherapy. Taking all these pessimistic
facts the CSC biology decipherment seems to be necessary to
find some new efficient therapeutic strategies (36).

The crucial role of FasR/FasL signaling for the regulating
of cancer cell death/fate has been revealed recently since it
was associated with not only pro-apoptotic pathways but also
with some death-independent activities. Despite the canonical
apoptotic pathway is well described, the signaling of opposite
activities is less understood. Especially DICE (death induced
by CD95 or CD95L elimination) deserves special attention,
as it seems to be a unique protecting mechanism of immune
system against cancer cells devoid of FasR (6). Conversion
of non-CSCs into CSCs resulted in a loss of sensitivity to
Fas-mediated apoptosis and a concomitant increase in the
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sensitivity of cells to DICE (16). In fact, DICE was found to
preferentially target CSCs demonstrating that HCT116 cells
with the use of tetracycline analog (Dox) knocked down FasR
and decreased the spherogenicity (16). Similar results were
achieved with the human breast cancer MCF7 and T4F7,
ovarian cancer HeyA8 and mouse colon cancer CT26L cell
lines (16,25). When DICE was induced in the mentioned
cancer cell lines, the number of CSCs and effectiveness of
sphere formation were lowered and finally CSCs became
depleted from experimental populations (37).

In this study we demonstrated that the level of FasR was
significantly reduced in cells cultured under sphere-forming
conditions in comparison to cells expanded in adherent form of
both examined cell lines. This observation suggested that the
decreasing of FasR level (96 to 16% for HCT116 and 92 to 1%
for HT29) (Fig. 1) must have the association with the culture
mode and higher diversity of cells since the strong (R=0.8)
correlation between CD133 and FasR was found. Moreover,
the lower level of FasR in SCs seemed to confirm the higher
resemblance of 3D culture system to in vivo environment of
tumor development. CSC maintenance depends on the pres-
ence of FasR on their surface at a minimal level sufficient to
promote their optimal growth (6,9,16,25), although, the lower
FasR proportion can be interpreted in the context of adaptation
of cancer cells to co-existence with immunological cells to
reduce the risk of undergoing apoptosis while benefiting from
tumorigenic activities.

We demonstrated that spherical forms of CRC lines dimin-
ished the level of FasL to similar level as CSCs isolated from
tumor fragments of CRC patients (Fig. 1), although only for
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HT?29 cells that change were statistically significant. FasL
was described as a positive prognostic marker for colorectal
carcinoma (19,20,22,38) and the vast majority of reports
show that disease progression is associated with progressively
increasing expression of FasL. and/or FasR what seems to be
in agreement with some of our results. Taking into consider-
ation that HCT116 cells originate from a poorly differentiated
(high-grade, more aggressive) colon cancer, whereas HT29
cell line is derived from well-differentiated (low-grade, less
aggressive) CRC, the higher proportion of FasR* HCT116
cells in comparison to HT29 cells (15+9 versus 1+0.5,
respectively) in their spherical forms seemed to confirm such
attitude, whereas the analogous difference was not found

for FasL (87+6 versus 94+5, respectively). The analysis of
FASR/FASL expression profiles showed their compatibility
with our in vitro experimental data. The increased expression
of both genes was found in tumor tissue in comparison to
healthy control samples, however, only for FASL the differ-
ence reached statistically significant level. Additionally,
depending on the progression status of CRC the elevated level
of FASR/FASL expression was shown (Fig. 2). The samples
collected from patients representing higher-grade tumor
(TNM I and IV) indicated higher expression of both genes,
but only for FASL this difference was statistically significant,
however, FASR revealed substantial tendency.

The cytometric analysis of phenotype indicated some inter-
esting relationships between measured protein markers on the
surface of analyzed cell populations. Decreasing of the FasR
and/or FasL was suggested to be associated with the elevating
number of 7AAD-positively stained cells and decreasing of
CD133*CD29*CD44* CSC proportion. The only exception
were CD29* cells (CD29*CD133-CD44°) which proportion
increased after the culture conditions were modified and that
was accompanied by markedly increased apoptosis rate. We
concluded that CD133 marker is indirectly associated with
maintenance and higher proliferative properties of cells, and
CD29- with higher differentiation and/or dying as we found
the significant phenotypic correlations (Fig. 1 and Table I).
Moreover, the level of CD133 and CD44 (Table I) strongly
correlated with the presence of FasR on the SCs cell surface
(R=0.7 and R=0.8, respectively), whereas we could not find
such correlations for adherent cells.
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The phenotypic changes observed in our experimental
settings suggested that the death type possessed some
features of DICE because DICE was earlier demonstrated to
preferentially target CSCs (6,16). We found significant decline
of CD44* cells when expanded in spherical form in comparison
to their adherent counterparts (Fig. 1) and lowered proportion
of CD44* cells after blockade of the FasR by agonistic
antibodies (Fig. 4). As previously shown (16), DICE is able
to eliminate CD44* CSCs of breast cancer MCF-7 and T47D
cells. We could observe during cytometric analysis that cells
of the highest values of FSC and SSC parameters represented
simultaneously cells with higher proportion of apoptosis
(60 versus 85% for FSC"¥SSC"™" cells and FSCrehSSChish,
respectively, data not shown) this seemed to confirm the
presence of swelling cells characteristic for DICE (6,25).
Significant correlations were found between FasR and
some CSC-like markers, which seem to indicate the cancer
progression promoting role of FasR/FasL signaling, however
the correlations for FasL were not so substantial (Table I).

We further investigated the function of Fas signaling in
our CRC lines depending on the culture mode as we incubated
HCT116 and HT29 cells with anti-FasR agonistic antibodies.
We found that adherent cells only slightly answered to that
stimulation (Figs. 4 and 5), except the markedly decreased
proliferation rate (Fig. 6A). That seems to proof the engage-
ment of FasR in the senescence induction accompanied by the
cell cycle arrest as was suggested earlier by Raats er al (32).
Surprisingly, the Raats group (32) correlated the presence
of wild KRAS gene with FasR inhibitory effects. Although
HCT116 cells are known to have mutated form of KRAS
(according to ATCC specification) (39), they answered effi-
ciently to anti-FasR antibodies during expansion. Thus the
relationships between Fas signaling cytoplasmic effectors must
be much more complex and require more efforts. The lower
number of cells could not be linked to increased apoptosis as
the cytometric analysis did not show any significant differences
in comparison to control cells, anyway some minor tenden-
cies could be seen (Fig. 5). The assessment of SCs revealed
that the effects are cancer line-dependent and additionally
the prolonged incubation with anti-FasR antibodies could
induce different effects in comparison to these observed for
adherent cells. We found that such FasR stimulation resulted
in increased expansion of CD133* cells during SC indicating
specific clonal selection of cells sensitive to Fas-mediated
supporting stimulation. During SC with anti-Fas antibodies no
substantial apoptosis rate increase was observed, similarly to
data obtained during adherent cultures. Our results are in line
with findings of other groups suggesting that the Fas pathway
have rather pro-survival activity inducing growth, invasion
and metastasis of cancer cells, especially CSCs (16,25,32 ,40).
The increased sphere sizes following 2-week incubation with
anti-FasR antibodies agreed with mentioned tumor-promoting
activity of Fas signaling (Fig. 6B) because that feature might
be directly associated with increased spherogenicity and, by
extension-aggressiveness of tumor cells.

Recently it has been demonstrated that expression of
FasL by apoptosis-resistant tumor cells enables a powerful
‘counterattack’ against antitumor immune effectors which
are themselves sensitive to Fas-mediated apoptosis (41,42).
However, while there is some evidence for the occurrence of
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this counterattack, its existence remains controversial (6,41,43).
The reported increased concentration of soluble FasL (sFasL)
in the serum of many cancer patients was often interpreted
in the context of the FasL counterattack theory and would
suggest a possible immunosuppressive role of this molecule.
However, the generalized immune suppression that would be
expected from this situation could not be confirmed in cancer
patients; thus, perhaps the increased FasL expression in tumor
tissues has a more direct tumor promoting role (6,41,43). The
negative results concerning sFasL in media from over the
expanded CRC cells from our experiments were surprising
in this context; the more so because that was shown to be a
prognostic factor for different types of cancers (44,45). The
levels presented in the mentioned manuscripts (from 0.16-0.17
to 21 ng/ml) were much higher that the sensitivity level of our
methodology which was 2.6 pg/ml therefore this issue needs
deeper analysis.

In conclusion, FasR/FasL signaling as the target of CRC
therapy is not utilized nowadays because of its toxic side
effects especially observed in liver. Moreover, since DICE
was suggested being a naturally-occurring antitumor defense
mechanism, which enable elimination of CSCs devoid of FasR/
FasL (6), it is reasonable to broaden our knowledge concerning
Fas-signaling and its cytoplasmic effectors. Our study hope-
fully enriched the knowledge concerning this issue. The next
advantage of our study seems to be the comparison of different
modes of expansion of cancer cell lines and contrast these data
with information obtained from analysis of cancer cells sepa-
rated from CRC patients. Our observation seems to confirm that
spherical model of cancer lines is more reliable for some sophis-
ticated analysis because of their greater resemblance to the
CSCs from human CRC samples in comparison to commonly
used adherent cells, at least according to aspects of their biology
analyzed in this study, and can be extended to the resemblance
of in vitro sphere forming conditions to the in vivo environment.
However, the greatest difference concerns the level of apoptosis
thus this issue require further experimental analysis.
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