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Abstract

Cancer in childhood ages have significant differences from adult cancer in the incidence rate, type and location of cancer, pathophysiology,
progression of tumor, management plan and recurrence rate. Cancer stem cells (CSCs) theory hypothesize the presence of small subset
of cells within tumor mass that have the ability to renew them cells and differentiate to multiple cell types. In addition, these cells resist
conventional chemotherapy and give rise new tumor cells causing relapse and metastasis. We tried to study the expression of pluripotent
transcription factors in childhood cancer cell lines.

The pediatric cell line, SJ-GBM2 and LAN-5, were obtained from the Children's Oncology Group Cell Culture and Xenograft Repository. RNA
is extracted from confluent cultured cells. RT-PCR reaction from both cDNA was done for embryonic and adult stem cell markers. Proteins are
separated and western blotting of specific markers was carried out. In addition, inmuncytostaining was performed for some of these markers.

The main pluripotent stem cell markers OCT4, SOX2, Nanog and CXCR4 were detected in all samples. Adult stem cell markers were tested
as well. HGFR and CD117 were detected in both cell lines. While, heamopiotic stem cell markers, CD133, CD31 and CD34 were expressed
by SJ-GBM2 cell line only.

Embryonic pluripotent stem cell markers could be used to identify pediatric cancer stem cells. Selection of these cells will enable us to treat
them with targeted therapy to prevent or decrease the recurrence rate.
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to multiple cell types. In addition, these cells resist conventional chemotherapy

Introduction

Cancer stem cells (CSCs) theory hypothesize the presence of small subset of
cells within tumor mass that have the ability to renew them cells and differentiate
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and give rise new tumor cells causing relapse and metastasis. Identification
of CSCs hold hopes to develop new therapy that targeting the origin of tumor
cells and improve cancer patients. Most of the markers expressed in CSCs are
expressed also in tumor bulk cells or even in normal somatic tissue cells such as
CD133 and others [1].

For example, in human renal cell carcinoma cancer. Several general cell
surface markers were identified and suspected to be in cancer stem cells such
as CD105, CD133 (called Prominin-1), CXCR4 and CD44. Moreover, intracellular
molecules such as Heat shock protein (HSP) and Doublecontin-like kinase 1
(DCLK1) were implicated to maintain renal cancer stem cells which could be
used as a markers of renal cancer stem cells [2].

CD133 was also detected in glioblastoma (GBM) tumor cells as a marker
of cancer stem cells [3]. ATP-binding cassette transporter protein ABCG2 is a
marker of classical stem cells was detected earlier in gliomashpher cancer stem
cells [4]. Expression level of ABCG2 is positively associated with the increasing


mailto:hrturaifi@gmail.com

Alturaifi HR, et al.

J Cancer Sci Ther, Volume 15:4, 2023

pathological grade of glioma showing resistance chemotherapeutic drug [5].

Pluripotent transcription factors such as OCT4, SOX2 and Nanog, that
upregulated in embryonic stem cells in contrast to somatic cells, were detected
in various types of cancer tumors from adult patients. For example, the
expression of SOX2, but not OCT4 was related to colon adenocarcinoma [6].
While, both SOX2 and OCT4 were demonstrated significantly in non-small-cell
lung cancer [7]. Major transcription factors related to stem cell self-renewal and
differentiation, OCT4, SOX2 and Nanog, were detected in oral squamous cell
carcinoma (OSCC). In addition, SOX2 was related to early detection of OSCC [8].

Similar results have been found in cervical squamous cell carcinoma [9].
Expression of OCT4, SOX2, Nanog and other classical stem cell markers were
also detected in tissue samples of colon, prostate and bladder carcinomas as
well as cancer cell lines [10].

Results were repeated with samples from brain cancer, breast cancer,
colon cancer, ovarian cancer, oral squamous cell carcinoma, prostate cancer,
melanoma and many other cancers [11-17]. Pluripotent transcription factors
were associated with cancer stage, patient survival, cancer treatment and tumor
recurrence after chemo-radio-therapy [18,19].

Cancer in childhood ages have significant differences from adult cancer in
the incidence rate, type and location of cancer, pathophysiology, progression of
tumor, management plan and recurrence rate. We tried to study the expression
of pluripotent transcription factors in childhood cancer cell lines. Studying the
nature of cells within tumor tissue or cell line will illustrate the pathophysiology
of diseases and cancer relapse which help develop new targeted therapy for
children with cancer.

Methods

Cell lines requested from the Children's Oncology Group, Texas, USA
and shipped by FedEx directly. LANS5 cell line is Neuroblastoma from a male
child 5 months old. Cells are grown in a base medium of RPMI-1640 plus the
following supplements (to a final concentration): 10% Fetal Bovine Serum, 2 mM
L Glutamine.

SJ-GBM2, glioblastoma multiform, is solid tumor brain from female child 50
months old. Cells are grown in a base medium of Iscove’s Modified Dulbecco’s
Medium plus the following supplements (to a final concentration): 20% Fetal
Bovine Serum, 4 mM L Glutamine, 1 x ITS (5 pg/mL insulin, 5 pug/mL transferrin
and 5 ng/mL selenous acid).

Thawing frozen cells from liquid nitrogen by warming at 37°C water bath.
Then, cells will transfer to 50 ml Falcon tube and centrifuged at 1750 rpm for
3-5 minutes. Supernatant discarded and cells pellets are re-suspended in
appropriate medium. They grow at 37°C in a humidified atmosphere of 5% CO,.
Cells are passaged when they reached = 80% confluence in tissue culture flask.
Media is removed and cells are washed with phosphate buffer saline (PBS).
(PAA Laboratories. Cat No: H15-002. Austria). Cells are detached from tissue
culture flask by adding 2-4 ml f Puck’'s EDTA (140 mM NacCl, 5 mM KCI, 5.5 mM
Glucose, 4 mM NaHCO,, 13 uM Phenol Red, 0.8 mM EDTA and 9 mM HEPES)
and incubated for 5-15 minutes. Puck’s EDTA is neutralized by adding 10 mi
of complete medium. The mixture is centrifuge at 1750 for 3-5 minutes, the
supernatant is discarded and cells pellet is suspended in medium and dispensed
in new tissue culture flask or plate.

Cells are washed with Dulbecco's Phosphate-Buffered Saline (DPBS) is
purchased from Cambrex Sciences Verviers, B-4800, Belgium, centrifuged at
1750 rpm for 3 minutes and suspended in medium. Cells enriched fractions
are seeded in non-adherent T75 and cells of T25culture flask. The medium is
changed every 48-72 hours as required.

When the cells reached 80-90% confluence, they are washed with PBS
and incubated with 0.05% trypsin/0.5 mmol/L EDTA at 37°C. 10 ml of serum
supplemented medium is added to inactivate the trypsin. Cell suspension is then
transferred to a Falcon tube and centrifuged at 1750 rpm for 3 minutes. The cell
pellet is resuspended in medium and seeded again into flasks or plates.

Assessment of cells viability by trypan blue staining. The suspended cells
from three flasks are stained with 0.01% trypan blue (Sigma, No. T-0887, USA).
Viable cells exclude trypan blue dye, while died cells stained. Cells are counted
by using haemocytometer as follow: Total number of cells/mi=total cells in
haemocytometer field x 104.
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For optimum results, cells should be in growth with >90% viability at the time
of freezing. Cells should be frozen in a mixture of 50% FBS, 7.5% DMSO and
base medium (with no supplements) and stored in liquid nitrogen vapor.

Microscopic analysis of cultured cells

Cells are grown in tissue culture flasks and wells plates are visualized by
using inverted microscope.

RNA extraction

For these experiments, harvest a maximum of 5 x 105 cells, after harvesting,
cells should be immediately lysed in Buffer RLT (Add 350 pl) to prevent unwanted
changes in the gene expression profile then homogenize. If the cells are not used
immediately, they should be pelleted, frozen in -80 for short time or liquid nitrogen
for long term.

RNA is extracted from the pellet by using Genelut mammalian total RNA
Kit (Sigma) or RNeasy microkit 50 (cat No: 74004, Qiagen) according to
manufacturer’s instructions, depending on pellet size RNA from pancreatic tissue
is extracted after homogenisation in the lysis buffer (from Genelut mammalian
total RNA Kit) by using the Fast-Prep tissue homogenizer at 6.0 speed for 15
seconds. The product is quantified by Eppendorf Biophotometer. 1 ul of RNase
inhibitor (Promega, cat No 608-274-4330, Southampton, UK) is added in order to
protect the extracted RNA from enzyme destruction.

DNase treatment

All reagents are from Promega (Promega, cat No 608-274-4330,
Southampton, UK). RNA is pre-treated with DNase for 30 minutes at 37°C and
the reaction stopped with DNase stop solution at 65°C for 10 minutes. This will
produce DNA free RNA.

Reverse transcription

Two different RT kits are used to generate cDNA from RNA samples,
protocol of promega RT kit as fallow: 5 pl of DNA free RNA, 1 pl of oligo-dNTP
and 9 pl of nano-pure water are incubated at 70°C for 5 minutes. After that,
they are mixed with 5 pl reverse transcriptase (RT) enzyme, 1.25 pl dNTP and
are incubated at 42°C for 90 minutes to form cDNA which is stored at -80°C.
Manufacturer's guidelines are conducted to generate form ¢cDnA from mRNA by
using superscriptase @111 (invitrogen, cat No: 18080-04).

Polymerase Chain Reaction (PCR)

PCR s runin a 0.75 ml tube according to the following 25 ul mixture protocol:
16.25 pl of nano-pure water, 2.5 pl of PCR reaction buffer, 1.25 ul of Red Taq
polymerase (Sigma-Aldrish, D-5684), 1 . of 50 mM magnesium chloride, 1 pl
of 5°primer, 1 ul of 3'primer and 1 pl of cDNA or DNA free RNA. The primers
sequence and PCR programs (Tables 1 and 2).

Agarose gel electrophoresis

The products of PCR reaction from both ¢cDNA and DNA-free-RNA are
separated by running 10 pl of each through 1% agarose gel (Malford, UK) mixed
with ethedium bromide (Sigma-Eldrich, UK) at 100 voltages for 1 hour. The
results are visualized under UV light and images are captured.

Protein isolation

Cells are grown in T-75 flasks, reach ~90% confluent and washed two
times with DPBS. Add 1-2 ml of DPBS to the cells and scraped with cell scraper.
Then, transferred the suspension of scraped cells to micro-centrifuge tubes
and spun for 5 minutes at 13,000 rpm. The Supernatant is discarded and the
pellet is immediately processed or snapped in liquid nitrogen and freeze at
-80°C. Extraction of whole, cytoplasmic and nuclear protein: The cell pellet will
be resuspended in 200 pl of buffer A (10 mM Hepes pH 7.9; 10 Mm KCI; 0.1
mM EDTA pH 8.0; 0.1 mM EGTA pH 8.0; 1 mM DTT and 3% Complete Inhibitor
Cocktail. The suspension is going to be incubated on ice for 15 minutes. To
isolate whole cell protein, 12.5 ul of 0.1- 10% triton or IN NaOH will be added
and mixed by vortexing for 30 seconds and centrifuged for 45 seconds. The
supernatant is sinocated 3times/5 sec on ice. The supernatant which contained
whole cell protein will be removed and stored at -80°C. 1N NaOH: Resuspend the
pellet with 100 pl of Buffer A wait 2-15 min. Then add 1 pl of IN NaOH to 10 pl
of the sample. To isolate cytoplasmic protein, after incubation in ice, 12.5 pl of
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Table 1. Primer pairs used for PCR.

Gene Direction Sequence ¢DNA Product Size (bp)
Human GAPDH Forward ATCACCATCTTCCAGGAGCGA 101
Reverse TTCTCCATGGTGGTGAAGACG
Human OCT4 Forward GAA GCT GGA GAAGGA GAAGCT G 919
Reverse CAA GGG CCG CAG CTTACACAT GTTC
Forward ACATGT GTAAGC TGC GGC C
OCTA4A Zangrossi rwar 293
Reverse GTT GTG CATAGT CGC TGC TTG
Human Forward CGC CCC CAG CAGACTTCACA 169
SOX2 Reverse CTCCTCTTTTGCACC CCTCCCATTT
Forward GTCTTCTGCTGAGATGCCTCACA
Human Nanog 387
Reverse CTTCTGCGTCACACCATTGCTAT
Human Forward GCG TAC GCAAAT TAAAGT CCAGA 302
Rex1 Reverse CAG CAT CCT AAACAG CTC GCAGAAT
Human ABCG2 Forward AGT TCCATG GCACTG GCCATA 187
Reverse TCAGGTAGG CAATTG TGA GG
F
Human CXCR& orward CGT GCC CTC CTG CTGACTATT 132
Reverse GCC AAC CAT GAT GTG CTG AA
Forward AGT GAAGTG GAT GGC TTT GG
Human HGFR 162
Reverse GGG CAG TATTCG GGT TGTAG
Human CD117 Forward AGATGC TCAAGC CGAGTG C o84
Reverse ACTATC GCT GCAGGAAGACTCC
Human CD133 Forward CGACTC TAG CTC GATGCTCTTG 210
Reverse GAG CGC AAAGAC TAC CTGAAG A
F
Human CD3A orward AAATCC TCT TCC TCT GAG GCT GGA 915
Reverse AAG AGG CAG CTG GTG ATAAGG GTT
F
Human CD31 orward ATCATT TCTAGC GCATGG CCT GGT 158
Reverse ATT TGT GGA GGG VGA GGT CAT AGA
Table 2. PCR cycle programmes for each primer pairs.
. ) Stage2a . . .
Primer Stage 1 (Temp/ Time) - Stage2b (Temp/Time)  Stage2c (Temp/Time) (Cycle No.) Stage3 (Temp/Time)
(Temp/Time)
4-Oct
95°C/ 10m 94°C/30s 62°C/45s 70°C/1m 32 72°C/Tm
SOX2
ABCG2
CXCR4
HGFR 95°C/ 10m 94°C/30s 56°C/45s 66°C/1m 32 72°C/Tm
OCT4A(2)
Rex1
CD34 95°C/ 10 94°C/30s 60°C/45s 68°C/1m 32 72°C/Tm
CD31
GAPDH
Nanog 95°C/ 10m 94°C/30s 60°C/45s 68°C/1m 32 72°C/Tm
CD133
cb117 95°C/ 10m 94°C/30s 56°C/45s 66°C/1m 32 72°C/Tm

Temp: temperature. No: number. S: seconds. M: minutes.

10% NP40 will be added and mixed by vortexing for 30 seconds and centrifuged
for 45 seconds. The supernatant which contained cytoplasmic protein will be
removed and stored at -80°C. To isolate nuclear protein; The remaining pellet will
be resuspended in 50 pl of buffer C (20 mM HEPES pH 7.9; 400 mM NaCl; 0.1
mM EDTA pH 8.0; 0.1 mM EGTA pH 8.0; 1 mM DTT; 5% glycerol and Complete
Inhibitor Cocktail in nanopure water) and incubated at 4°C on shaker for 1 hour.
Then, tubes will be centrifuged for 30 minutes. The supernatant which contained
nuclear protein will be removed and stored at -80°C.

To determine protein concentration, we will use Bradford protein assay.
Working solution will be prepared from stock solution of Bio-Rad protein dye (Bio-
Rad, 500- 0006) in the proportion of 4:1 water to dye.

Add 10 pl of each standard concentration in triplicate in a 96 well plate. Add
100 pl of protein Assay Reagent to each well. Incubate the plate for 5 minutes
at room temperature for the color stabilize, absorbance will be measured at 595
nm by MRX plate reader. Standard curve will be calculated and samples protein
concentration will be determined.
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Western blotting

Proteins will be separated according to their size by electrophoresis. Prepare
cells lysis: Cells are grown in T-75 flasks, reach ~80-90% confluent and washed
two times with DPBS. Aspirate and wash the cells with 1-2 ml of DPBS. Add 600
ul lysis buffers to each well (lysis buffer + complete inhibitor cocktail 1:100) on
ice. Scraped with cell scraper and transferred the suspension of scraped cells to
micro-centrifuge tubes. Centrifuge for 5 minutes at 13,000 rpm in 4°C and take
the Supernatant 550 pl. Take 50 pl of the Supernatant in small tube then start
Bradford Assay. Take 10 pl of the sample and freeze the rest immediately. The
500 pl that left should be stored in -20 or -80°C for long time. Prepare sample
Buffer: Take sample you prepared from previous step and Calculate sample
buffer (LDS) and lysis buffer volume from Bradford Assay.

Cytospin

Cells in suspension were centrifuged. Supernatant was discarded. Cells
pellet is resuspended in PBS at concentration of 1 x 106 cells/ml. 100-200 ul
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Table 3. Primary antibodies and dilutions.

Antibody Raised in Clonality Specificity Dilution Supplier
Anti-Oct4 Rabbit polyclonal HM 1:50 Abcam Ab18976
Anti-Sox2 Rabbit polyclonal HM 1:50 Abcam Ab15830
Anti-Nanog Rabbit polyclonal HM 1:50 Abcam Ab18976
Anti-CD31 Mouse Monoclonal H 1:50 Dako M0823
Anti-ABCG2 Rat Monoclonal HM 1:50 Abcam Ab24115
Anti-CD133 Mouse Monoclonal HM 1:100 Cell Signalling Technology
Anti-Nanog Goat polyclonal H 1:1000 RD AF1997
Anti-B actin Rabbit polyclonal H.M.R 1:200 Invitrogen PA 1-183

GP: Guinea Pig, H: Human, M: Mouse, R: Rat

Table 4. Secondary antibodies and dilutions.

Antibody against Raised in Conjugation Specificity Dilution Supplier

Mouse Goat FITC 18G 0.25 Jackson InmunoResearch 115-095-005
Mouse Goat TR 18G 0.25 Jackson InmunoResearch 115-075-008
Mouse Goat TRIC 18G 0.25 Sigma. T-6653
Mouse Chicken TR 18G 0.25 Abcam. Ab6812

GP Rabbit FITC 18G 0.25 Sigma. F-7762

GP Donkey FITC 18G 0.25 Jackson InmunoResearch 706-076-148
Goat Rabbit FITC 18G 0.25 Sigma. F-7367

Goat Donkey TR 18G 0.25 Jackson InmunoResearch 705-095-003
Rabbit Donkey TR 18G 0.25 Jackson InmunoResearch 711-076-152
Rabbit Goat FITC 18G 0.25 Sigma. F-0382

FITC: Fluorescein Isothiocyanare, TRITC: Tetramethylrhodamine Isothiocyanate, TR: Texas Red

of cells solution are loaded into apparatus composed of funnel placed in Poly-
L-Lysine coated slides apparatus are centrifuged at 1000 rpm for 5 minutes by
Shadon Cytospin 4 centrifuge (Thermo scientific).

Immunoflourescent staining of cells

Cells are grown on sterile coverslips in six, twelve or twenty-four well plates.
When the cells became confluent, they are washed 3-4 times in DPBS and

treated.

Cells to be stained with all other primary antibodies were fixed with 4%
paraformaldehyde (Sigma-Aldrich, F-1268, Germany) at 25°C for 20 minutes
and permeabilized by 1% t-octylphenoxy-polyethoxyethanol (Triton, Sigma-
Aldrich, Germany). For OCT4 and CD31 staining, slides were incubated in pre
chilled methanol at -20°C for 10 minutes after paraformaldhyde fixation and then
permeabilized with 1% triton. Slides were washed with DPBS after each step. To
block non-specific binding, the slides were treated with blocking buffer (Roche
Applied science, East Sussex, UK, cat. N0.11096176001) for 1 hour at 25°C.
Primary antibody diluted in blocking buffer, as the concentration given in Table
3, was then added to the sections except those for negative control which are
maintained in blocking buffer. The slides were incubated overnight in a humid
chamber at 4°C. After three washes of 20 minutes each with wash buffer (Blocking
buffer diluted 1:5 in DPBS), secondary antibodies were applied for one hour at
room temperature in the dark (Table 4). The slides were washed again as above
and air dried. Then, the sections were mounted using Vectashield containing 4',
6-diamidino-2-phenylindole (DAPI blue, Vector Laboratory Inc. cat. No. 94010,
Burlingame) which stain nuclei with fluorescence blue, slides were covered with
cover slips and were sealed with nail varnish.

Results

Cells of LAN-5 cell line were grown in media with teardrop-shaped with
processes adhered with flask mostly in cluster. While, SJ-GBM2 cells were flat,
epithelial-like adherent cells with processes.

RNA was extracted from both cell lines to obtain around 10.00 pg/ml. cDNA
were generated to obtain at least 70 pg/ml. Samples either used immediately
or stored at -80°C. GAPDH was used as a reference housekeeping gene which
is detected in all samples. The main pluripotent stem cell markers OCT4 was
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detected in both cell lines. OCT4 A isoform (Zangrossi), which is responsible
about pluripotency properties of embryonic stem cells, also detected. SOX2,
Nanog and CXCR4 were detected in all samples, while Rex1 was not detected
(Figure 1). Important embryonic stem cell markers (ABCG2) was detected only in
SJ-GBM2 cell line, but not in LAN-5 (Figure 1).

G

Adult stem cell markers were tested as well. HGFR and CD117 were detected
in both cell lines. CD133, CD31 and CD34 were expressed by SJ-GBM2 cell line,
while they were not detected in LAN-5 (Figure 1).

RNA expression was confirmed by protein blotting. Western blot was done
for the main embryonic stem cell markers. Beta actin used as a reference marker.
OCT4 and SOX2 proteins were blotted clearly in samples from both cell lines. The
membrane-associated protein encoded by ABCG2 was detected in SJ-GBM2 cell
line. Heamopiotic cell surface proteins, CD31 and CD133, were detected in SJ-

BM2 cell line (Figure 2).

Immunoflorescent staining of cells showed the expression of OCT4
transcription factor in nucleus of both cell lines (Figure 3). SOX2 was detected
almost in all cytoplasm of cell with few cells showed nuclear localization in SJ-
GBM2 cell line. ABCG2 expressed clearly in the cytoplasm of cells. In addition,
CD133 was detected on SJ-GBM2 cells (Figure 4).

Discussion

neuroblastoma children [27].

Pediatric cancer described as a cancer that effect children between birth and
14 years old [20]. The incidence rate of pediatric cancer was 140.6 per million
annually [21]. The second most common type of pediatric cancer was nervous
tumors [21]. Even though the cure of children cancer considered generally
very high (80%) in high-income countries [22], cancer is the second leading
cause of die of children. The incidence of recurrence of paediatric cancer was
4.4%, 5.6% and 6.2% at 10, 15 and 20 years, respectively [23]. Brain tumors
including Glioblastoma, now are the leading cause of paediatric cancer morbidity
due to the high incidence rate of recurrence [24]. Similar finding was reported
of paediatric neuroblastoma. 15% of children died from cancer were suffering
from neuroblastoma [25]. The long survivor rate of children with neuroblastoma
less than 40% [26]. The percentage of relapse cases exceed 50% of high-risk
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Figure 1. RNA expression profile of SJ-GBM2 and LAN-5 cell line (GAPDH (reference gene). Tir na nog (Nanog), Octamer 4 (OCT4), OCT4Aisoform (OCT4z), Sex determining region
Y-related HMG box 2 (SOX2), Zinc finger protein 42 homolog (Rex1), CXC chemokine receptor 4 (CXCR4), ATP-hinding cassette transporter protein (ABCG2), Hepatocyte growth

factor receptor (HGFR), CD31, CD34 and CD117).

SJ-GBM2

LAN-5

CD31

CD133

ABCG2

SOX2

OCT4

B-Actin

Figure 2. Western blot of a reference gene (g-Actin), Octamer 4 (OCT4), Sex determining region Y-related HMG box 2 (SOX2), ATP-binding cassette transporter protein

(ABCG2), CD133 and CD31 in SJ-GBM2 and LAN-5 cell lines.
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Figure 3. (A) OCT4 immunostaining of LAN-5 and (B) SJ-GBM2 Nuclear localization showed in part of cells.

Figure 4. Immunostaining of SJ-GBM2. SOX2 (A) and Nanog (B) showed nuclear pattern, while ABCG2 (C) localized in the cytoplasm.
Cancer stem cells are implicated on tumors onset, expansion, resistance, that used in this fields are expressed by normal adult stem cells and somatic cells

recurrence and metastasis after therapy [28]. Characterization of cancer stem as well [2,3]. Thus, they are not exclusive markers of cancer stem cells within
cells were the main obstacle to identify them. Common adult stem cell markers tumor tissue.
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