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Basal cell carcinoma stem cells exhibit osteogenic and chondrogenic

differentiation potential
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Abstract: Specific cell subpopulations identified as cancer stem cells (CSCs) can be found in basal cell carcinoma (BCC).

Generally, CSCs have a marked trans-differentiation potential that could potentially be used in differentiation therapies.

However, there are no studies regarding BCC CSCs multipotency. The aim of the study was to analyze the characteristic of

CSCs of BCC with emphasis on their differentiation potential upon specific induction. Specific staining and cell

morphology were used for differentiation confirmation, along with the expression analysis of osteogenic (ALP, BSP,
Runx2, OCN, BMP2), chondrogenic (COL1 and COL2A1), adipogenic (PPAR-y) and neurogenic (Nestin and MAP2)
markers. BCC CSCs differentiated into osteogenic and chondrogenic lineages, as judged by staining and high

expression of specific markers (from 2-to 92-fold higher upon induction). Concomitantly with differentiation, the

levels of cancer stem cell markers decreased in the cultures. Adipo-differentiation and neuro-differentiation were

unsuccessful. In conclusion, BCC CSCs exhibit the capacity to trans-differentiate, a characteristic that may potentially

be useful in the development of new strategies for the treatment of aggressive BCCs.

Introduction

The renewal of the entire epidermis under normal
conditions has been attributed to a single type of self-
renewing progenitor cell (Clayton et al., 2007), and it is
known that disruption of its renewal mechanisms can
lead to various skin diseases, including cancer (Colmont
et al, 2012). Basal cell carcinoma (BCC), a slowly
progressive skin cancer with propensity to be locally
destructive, accounts for almost 80% of all non-melanoma
skin cancers worldwide (Alter ef al., 2015; Raasch et al.,
2006). Early treatment of BCC is curative in the vast
majority of cases; after 5-year follow up, the total
recurrence rate is around 4-5% (Kyrgidis et al., 2010).
Based on recurrence after treatment, BCC can be
classified as low or high risk. For most patients with high-
risk lesions surgery and radiotherapy are the treatment of
choice (Bath-Hextall et al., 2004).
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Studies show that cells at the origin of BCC are long-
term resident progenitor cells from the hair follicle,
interfollicular epidermis and the upper infundibulum of
the skin (Peterson et al, 2015). When the normal stem
cells are hit by oncogenic mutations at an immature or
less-differentiated stadium, they could transform into
cancer cells (Sancho et al., 2004).

Cancer stem cells (CSCs) exhibit characteristics similar
to those of normal stem cells, i.e., they have high proliferative
and self-renewing capacity. That specific cell subpopulation,
responsible for tumor initiation, development, progression,
metastasis and recurrence, has been described in many
solid tumors such as breast (Al-Hajj et al., 2003), pancreas
(Bailey et al., 2014; Mohammed et al., 2013), brain (Singh
et al, 2004), colon cancer (O’Brien et al., 2007; Ricci-
Vitiani et al., 2007) and also BCC (Gailani and Bale, 1997;
Milosevic et al., 2018). Studies suggest that CSCs have also
a marked trans-differentiation potential and can
differentiate into multiple cell types (Reya et al, 2001;
Singh et al., 2004). Although this feature could potentially
be exploited for novel therapeutic modalities in the
treatment of aggressive BCC, there are no studies
confirming the multipotency of BCC stem cells.
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In a previous study of BCC by our group, a thorough
characterization of BCC CSCs was performed and a high
expression of embryonic (Oct4, Sox2 and Nanog) and
tumor (CD44 and CD73) stem cell markers were showed.
Also, the propensity to form tumorispheres-A feature of
CSCs, which increased during passages, was demonstrated
along with their migration and clonogenic capacity and
resistance to anti-neoplastic agents (Milosevic et al., 2018).
However, no differentiation experiments have been carried
out at that time. Hence, the aims of the present study were
(a) to analyze BCCs cells in terms of their multipotency, i.e.,
capacity of osteogenic, chondrogenic, adipogenic and
neurogenic differentiation, upon induction; and (b) to
analyze the status of Sonic Hedgehog (SHH) signaling, a
master regulator of embryonic cell differentiation and
crucial factor in the pathogenesis of BCC.

Materials and Methods

Tumor specimens

Five tumor specimens and their corresponding distant
resection margins (>5 mm from the edge of the tumor),
used as controls, were obtained from patients treated at the
Clinic for Maxillofacial Surgery of the School of Dental
Medicine, University of Belgrade. All samples were
examined by a pathologist and the diagnosis of BCC was
confirmed as well as the status of the margins (labeled as
“clear”). The age of the patients was 73 + 17 years, three
were males and two were females. The localization of BCCs
was as follows: two in the temporal region, two on the
nose and one was periauricular. Histologically, three were
nodular, one was superficial and one infiltrative, with
average size 18 + 1.2 mm. Patients were informed of the
study and signed informed consent. The study
was approved by the institutional Ethical Committee
(N 36/30) University of Belgrade, Republic of Serbia, in
accordance with the Declaration of Helsinki. All the
experiments were performed in accordance with relevant
guidelines and regulations.

Cell cultures

Tissue samples from tumors and healthy distant margins used
as controls were cut with blades into small pieces and seeded
onto T75 cell culture flasks in complete medium (DMEM
supplemented with 10% FBS and 100 U/mL penicillin-
streptomycin solution), as previously described (Milosevic et
al, 2018). In brief, cells were cultivated under standard
conditions in humidified atmosphere with 5% CO, at 37°C.
Contaminating fibroblasts were removed using 0.125%
trypsin, 0.02% edetic acid (Grando et al, 1996). The
medium was changed every 2-3 days, and after cells reached
80% of confluence, passage was done, and 5 x 10° cells were
plated for the next passage. The number and viability of
cells were recorded using Countess™ Automated Cell
Counter (Thermo Fisher Scientific, Waltham, USA).

The experiments on differentiation into four different
lineages and relative gene expression analyses were done
using the 5™ passage tumor cells (TU P5). All experiments
were done in triplicate, repeated two times. Distant margin
cells were used as control.

MAJA MILOSEVIC et al.

Differentiation of primary BCC CSCs

Tumor and control (distant margin) cells of fifth passage were
seeded onto 24-well culture plates (8 x 10* per well for
osteogenesis and chondrogenesis and 1 x 10> cells per well
for adipogenesis experiments) and cultured in complete
medium (DMEM supplemented with 10% FBS and
100 U/mL penicillin-streptomycin solution). After reaching
approximately 80% culture confluence (for adipogenic) or
100% (for osteogenic and chondrogenic differentiation) cells
were cultivated in appropriate medium for 14 days
(adipogenic differentiation) and 21 days (chondrogenic and
osteogenic differentiation); commercially available osteogenic,
chondrogenic, and adipogenic differentiation medium were
used (Life Technologies, USA).

Separate cultures were prepared for cell staining and for
RNA extraction. Cells were incubated under standard
conditions and the medium was changed every third day.
After being fixed in paraformaldehyde, cells were stained using
Alizarin Red for osteogenic differentiation (Lin et al, 2001;
Yunze et al, 2020), Safranin for chondrogenic (Engle et al,
2012), and Oil Red for adipogenic differentiation (Hausman,
1981). The quantification of staining was done as described
previously (Carrino et al., 1991; Saeed et al., 2017; Sekiya et al,
2002). For neurodiferentiation, cells were seeded in 6 well
plates at the density of 2 x 10* per well and incubated for 24
h under standard conditions. After that period medium was
discarded and cells were incubated in neural preinduction
medium- DMEM with 100 mM betamercaptoethanol which
was, after 4 h of incubation, replaced with neural induction
medium DMEM/F12 supplemented with 100 U/mL
streptomycin and penicillin, 20 ng/mL human epidermal
growth factor (EGF, Thermo Fisher Scientific, USA),
20 ng/mL basic fibroblast growth factor (bFGF Thermo Fisher
Scientific, USA), 20 ng/mL neural growth factor (NGF,
Thermo Fisher Scientific, USA) and 2% B27 (Thermo Fisher
Scientific, USA). Medium was changed every 3-4 days. After 7
days the morphology of cells was analyzed and photographed
under inverted microscope (BIB-100/T, BOECO, Germany).

In parallel, for all four experiments, tumor cells were
cultured with standard growth medium (DMEM, 10% FBS
and 100 U/mL penicillin-streptomycin solution), without
the addition of any differentiation agent. The same
procedure of staining and RNA isolation was carried out.

RNA extraction

Total RNA was extracted from the cultured cells with TRIzol
Reagent (Invitrogen, Thermo Fisher Scientific, Waltham,
Massachusetts, USA) and first-strand cDNA was synthesized
from 2 pg of total RNA wusing Oligo d (T) primer
(Invitrogen, USA) and Revert aid (Thermo Fisher Scientific,
Waltham, Massachusetts, USA).

Gene expression analysis of markers of differentiation

For PCR analysis, cDNA was amplified by Taq DNA
polymerase. Subsequent Real-time PCR analysis was
performed in Line Gene-K Fluorescence Real-time PCR
Detection System (Bioer, China) using Maxima™ SYBR
Green/ROX qPCR Master Mix (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). The expression of markers of
osteogenic (ALP, BSP, Runx2, OCN, BMP2), chondrogenic
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(COL1, COL2A1l), adipogenic (PPAR-y) and neurogenic
(Nestin, MAP2) differentiation and tumor markers (CD44,
CD73) were analyzed under the same conditions. The
housekeeping gene GAPDH was used as reference. Fold-
induction values were calculated using the 27" method.

Gene expression analysis of CSC markers
After differentiation, in tumors and controls, the levels of
major cancer stem cell markers CD44 and CD73 were
analyzed by the same qPCR protocol as mentioned above.
In order to check the status of Sonic Hedgehog (SHH)
signaling cascade, mRNA expression of two members of this
pathway (PTCHI1 and GLII genes), was also examined,
before and after induction of differentiation.

The sequences of all primers used in the experiments are
given in Tab. 1.

Statistical analysis
Student’s t-test was performed in the study. Statistical

significance was set at P < 0.05. Software package SPSS ver.
20 was used for the analyses (SPSS Inc., Chicago, USA).

TABLE 1

Primers with corresponding sequences used in the study

Product Sequences (5’>3’)

name

ALP Forward CCACGTCTTCACATTTGGTG
Reverse ATGGCAGTGAAGGGCTTCTT

BSP Forward AAAGTGAGAACGGGGAACCT
Reverse =~ ACCATCATAGCCATCGTAGCC

RUNX2 Forward ACAAACAACCACAGAACCACAAGT
Reverse GTCTCGGTGGCTGGTAGTGA

BMP2 Forward CACTGTGCGCAGCTTCC
Reverse CCTCCGTGGGGATAGAACTT

COL1 Forward AGCAGGTTCACTTACACTGTT
Reverse GATGTCCAAAGGTGCAATATCA

COL2A1 Forward TTCAGCTATGGAGATGACAATC
Reverse AGAGTCCTAGAGTGACTGAG

PPAR-y Forward GCTGTGCAGGAGATCACAGA
Reverse GGCTCCATAAAGTCACCAA

Nestin Forward AACAGCGACGGAGGTCTCTA
Reverse TTCTCTTGTCCCGCAGACTT

MAP2 Forward TTCTCTTGTCCCGCAGACTT
Reverse TCTTTCCGTTCATCTGCCA

CD44 Forward AAACGAGGACCTTCATCCCAGTGA
Reverse  ATTTCCTGAGACTTGCTGGCCTCT

CD73 Forward GAGTGGGTGGTCAGAAAATA
Reverse =~ TGCACACTGTTTTTAAGGTG

PTCH1 Forward GGGTGGCACAGTCAAGAACAG
Reverse =~ TACCCCTTGAAGTGCTCGTACA

GLI1 Forward GAAGACCTCTCCAGCTTGGA
Reverse GGCTGACAGTATAGGCAGAG

GAPDH  Forward TCATGACCACAGTCCATGCCATCA
Reverse CCCTGTTGCTGTAGCCAAATTCGT

OCN Forward GTGCAGAGTCCAGCAAAGGT
Reverse = TCAGCCAACTCGTCACAGTC
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Results

Differentiation potential

One of the CSCs characteristics is their ability to undergo
multilineage differentiation. Tumor and control cells were
induced by appropriate osteo-, chondro-, adipo-, neuro-
medium to differentiate into the four lineages. Osteogenic,
chondrogenic and adipogenic induction were confirmed by
specific staining, followed by products’ quantification, while
neurogenic differentiation was assessed by morphological
analysis, using light microscopy.

Osteocyte formation was confirmed by the detection of
extracellular calcium deposits using Alizarin red staining
(Fig. 1A). Chondrogenic differentiation, ie., cartilage
formation was detected by staining cell cultures with
Safranin (Fig. 1D). Intracellular lipid vesicles that
characterize adipocytes could not be detected by standard
Oil Red O staining (Fig. 1G). Also, no characteristic
morphological changes typical of neuro-differentiation could
be observed in cell culture after 7 days of neuroinduction
(Fig. 1]). Quantifications of osteogenic, chondrogenic and
adipogenic staining are given in Figs. IM-10, respectively.

Gene expression of differentiation markers
Lineage specific gene expression was analyzed by qPCR. The
following genes were wused to demonstrate osteo-
differentiation: ALP, BSP, Runx2, OCN and BMP2; chondro-
differentiation: COL1 and COL2A1; adipo-differentiation:
PPAR-y; neuro-differentiation: Nestin and MAP2 (Fig. 2).
The expression of all genes related to osteogenesis was
significantly higher in induced cells compared to un-
induced and control cells and showed the following
increase compared to un-induced cells: ALP 5.5-, BSP
92.0-, Runx2 6.7-, OCN 30-, and BMP2 3.3-fold (P < 0.05)
(Figs. 2A-2E). Similarly, levels of COL1 and COL2Al
mRNA were higher in induced than in un-induced (2.0-
and 10.0-fold, respectively) and control cells (Figs. 2G and
2H). However, PPAR-y expression did not show a
statistically significant difference between cells grown in
adipogenic medium, un-induced and control cells (Fig. 2F).
Similarly, after neuro-induction there was no statistically
significant difference of expression of neural markers
Nestin and MAP2 between induced, un-induced and
control cells (Figs. 21 and 2]).

Gene expression of CSC markers
In order to verify whether differentiation led to the decrease of
CSC markers, we selected one successfully (chondrogenic)
and one unsuccessfully (adipogenic) induced cell lineage. It
appeared that the differentiation into chondrogenic lineage
was accompanied by the decrease of tumor markers
expression. Namely, both CD44 and CD73 levels were
significantly lower compared to un-induced cells (P < 0.05)
and similar to the control. After unsuccessful adipo-
induction the cells continued to express higher level of both
markers (CD44 and CD73) than controls (P < 0.05) and
when compared to un-induced cells, markers’ levels
remained unchanged (Figs. 3A and 3B).

Finally, given the importance of Sonic Hedgehog (SHH)
signaling cascade in the pathogenesis of BCC, the mRNA
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FIGURE 1. Osteogenic, chondrogenic, adipogenic and neurogenic differentiation potential of BCC CSCs. Induced (A) and un-induced (B)
tumor cells and control cells (C) in successful osteogenic induction experiments; induced (D) and un-induced (E) tumor cells and control
cells (F) in successful chondrogenic induction experiments; induced (G) an un-induced (H) tumor cells and control cells (I) in
unsuccessful adipogenic induction experiments; induced (J), un-induced (K) and control cells (L) in unsuccessful neuro-induction
experiments. Quantitatification of staining showed statistically significant differences between osteogenically (M) and chondrogenically (N)
induced cells compared to un-induced and control cells. Quantification did not show differences between adipo-induced and un-induced
tumor cells (O). Asterisks * and ** designate P-values lower than 0.05 and 0.01, respectively.

expression of two members of this pathway (PTCHI gene and
GLI1 gene), was also examined in tumor cells of the fifth
passage, before and after induction of differentiation as an
additional test of phenotype reversion. The levels of PTCHI,
lower in BCC cultures compared to control (P < 0.05),
started to increase during transdiffentiation into
chondrogenic lineage (P < 0.05). At the same time, levels of
GLI1 which were higher before induction compared to
control cells (P < 0.05), decreased during chondrogenic

differentiation (P < 0.05), showing that normal SHH
signaling was being restored (Fig. 4).

Discussion

The aggressive behavior of some cancers is attributed to the
existence of specific cell subpopulations called cancer stem
cells. Our previous investigation has already shown the
existence of such a population in BCCs (Milosevic et al, 2018).
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FIGURE 2. Gene expression analysis of differentiation markers. The mRNA levels of osteogenic markers ALP, BSP, OCN, Runx2 and BMP2
were significantly higher in induced tumor cells compared to un-induced and control cells (A, B, C, D, E); adipogenic marker PPARy had
similar expression levels in induced and un-induced tumor cells and control cells (F); the expression of COL1 and COL2A1 mRNAs was
significantly higher in induced tumor cells than in un-induced and control cells (G, H); the neurogenic markers Nestin and MAP2 levels
of expression (I, J) were lower in induced cells when compared to un-induced and control cells but without statistical difference. Error

bars represent standard error calculated from experiments. Asterisks

Extensive proliferative and self-regeneration potential are
fundamental characteristics of CSCs (Gailani and Bale,
1997). In vitro, CSCs grow faster than normal cells and
have high colony formation ability (Faustino et al., 2013).
As reported, CSCs markers such as Oct4, Sox2, CD44,
with an essential role in stemness maintenance and cell

* and ** designate P-values lower than 0.05 and 0.01, respectively.

migratory capacity, are expressed in BCC (Milosevic
et al., 2018).

This is the very first study dealing with the differentiation
capacity of BCCs stem cells, and, importantly, it shows that the
process of differentiation was accompanied by substantial decrease
of cancer stem cell markers and restoration of SHH signaling.



1548 MAJA MILOSEVIC et al.
A CD 44
Rk %
0,16 ' BT ! * % 1
|
.E 0.14
v
g 012
g
= 0.10
]
g 008
&
% 0.06
2
€ 0.04
)
& 0.02
. Adipoinduced Un-induced Control Chondroinduced Un-induced Control
B CD 73
2.0 o — e
= % —
o r 1
.i 1 5 * % ]’
i : T FIGURE 3. The effect of differentiation
z on tumor markers expression. The
% 1.0 level of expression of CD44 (A) and
:’3 CD73 (B) markers in tumor cells
& decreased after successful chondrogenic
% 0.5 differentiation, unlike in cells exposed
& to adipogenic medium where there was
T no differentiation. Asterisks ** and ***
0.0 —— —— designate P-values lower than 0.01 and
Adipoinduced Un-induced Control Chondroinduced Un-induced Control 0.001, respectively.
" = — : osteocalcin) in this study was in agreement with the results of
1 . . .
: - * ) Zhang et al. (2013) although in their study protein
0.0025 - T expression, not mRNA, was analyzed. The expression
pattern of type 1 (COL1) and type 2 collagen (COL2A1) was
0.002 - also in concordance with the reports of Ding et al. (2016)
WPICHI and Zhau ef al. (2011) who demonstrated increased levels of
0.0015 - COL1 in lung and ovarian cancer after CSC differentiation
GLi induction.
ST o PPARYy, the master transcription regulator for adipogenic
differentiation was similarly expressed in treated cells
v compared to un-treated and control cells, indicating the lack
of adipo-differentiation potential of BCC CSCs. This in
G -e = contrast with some other studies that showed the ability of
Tu P5 " Induced ' Control ovarian and lung cancer stem cells, for instance, to

FIGURE 4. The effect of differentiation on Sonic hedgehog marker
expression. The level of expression of PTCHI in tumor cells
increased while Glil marker decreased after successful
chondrogenic differentiation. Asterisks * and ** designate P-values
lower than 0.05 and 0.01, respectively.

We demonstrated the potential of these cells to
differentiate into osteogenic and chondrogenic but not
adipogenic and neurogenic lineages. Zakaria et al. (2015)
showed that lung CSCs were capable of differentiation
into three lineages. Similar results were also obtained with
ovarian CSCs while Ding et al. (2016) and Zhau et al.
(2011) observed osteogenic and adipogenic differentiation
of prostate cancer cells. The expression pattern of
osteogenic markers (alkaline phosphatase, Runx 2 and

differentiate into adipocytes (Ding et al., 2016; Zakaria et al.,
2015). Lipid drops were also detected in prostate cancer
stem cells after 7 days of induction (Ding ef al., 2016). In
our study, 21 days after seeding, the Oil Red color did not
show the presence of lipid vesicles in the cells.

Negative results were also obtained when attempting to
induce BCC CSCs into neuro-lineage. Namely, cells did not
show typical neuron-like morphology with long, slender
projection, nor did they express typical markers of neuro-
differentiation (Nestin and MAP2). However, in the study of
Zhang et al. (2013) neuro-differentiation could be observed
in the case of small cell lung cancer stem cells induced with
neurogenic medium.

As already stated, the process of differentiation was
accompanied by the loss of cancer stemness characteristics.
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Namely, in the case of successful chondrogenic differentiation,
two tested cancer stem cell markers, CD44 and CD73,
considered as crucial CSC markers in several solid tumors
(Spychala, 2000; Thapa and Wilson, 2016), showed
markedly lower levels.

Bearing in mind the importance of SHH signaling
cascade in the pathogenesis of BCC and its deregulation in
this tumor, as an additional test of CSC phenotype
reversion, mRNA levels of two members of this pathway
(PTCHI1 gene and GLI1 gene), were also examined in cells
of the fifth passage, before and after induction of
differentiation. The tumor suppressor gene PTCHI,
normally downregulated in BCC cells, increased during
trans-differentiation. At the same time GLI1, a transcription
factor upregulated in BCC and related to poor prognosis in
solid malignancies, decreased after differentiation, pointing
to a possible mechanism of normalization of SHH signaling
(Cheng et al., 2016).

A limitation of the present study is that the
differentiation capacity was tested on the entire tumor
population. In the future, experiments should be performed
only after separating stem cells from non-stem cancer cells.
However, the capacity of differentiation is a characteristic of
stem cells, hence, most probably, the obtained results are
basically due to changes occurring in BCC CSCs. In
addition, it must be emphasized that in the course of cell
passaging, cultures are enriched with CSCs. In our previous
study we demonstrated that the proportion of CSCs (CD44
positive) increased from 5% in the first passage, to 26% in
the fifth passage, making CSCs a substantial proportion of
the whole culture (Milosevic et al., 2018).

Therapies based on the inhibition of various pathways
involved in tumorigenesis are constantly emerging.
However, these therapies are moderately efficient and are
often accompanied with adverse effects (Bliss et al., 2018;
Silapunt et al., 2016). Instead, future therapies should inhibit
CSCs proliferation and induce terminal differentiation
and/or apoptosis (Meng et al, 2012; Seigel, 2011).
Differentiation therapy approach implies agents or methods
that are able to induce terminal differentiation of CSCs (Sell,
2006). This therapeutic modality was successfully applied in
chronic myeloid leukemia wusing imitinab, and acute
promyelocytic leukemia using retinoids (Song et al., 2014).
To date, no differentiation-inducing agents have been
reported to have a comparable effect in solid tumors.

The present study suggests that cancer stem cells in
primary BCC cultures exhibit the capacity to differentiate
into osteoblast and chondroblast-like cells. Although BCC
CSC capacity was limited, the finding may however be
valuable for future strategies in the treatment of aggressive
forms of this malignancy.
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