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Abstract: Previous studies have demonstrated some tumors develop or 

maintain a small sub-population of cells with stem cell-like properties. 

This Cancer Stem Cells (CSC) may exhibit differential properties that 

allow their escape from traditional radiation or chemotherapy treatments 

and may therefore be responsible for cancer recurrence. Few studies have 

explored this phenomenon among oral cancer cell lines, therefore the 

objective of this study was to examine multiple oral cancer cell lines to 

determine if any or all contained subpopulations of CSCs. Multiple 

commercially available Oral Squamous Carcinoma Cell (OSCC) lines 

were obtained for this study, including SCC15, SCC25 and CAL27. Cells 

were cultured for CSC screening and isolation. RNA was isolated from 

any potential CSC isolates for biomarker screening and verification. All 

OSCC lines examined developed adhesion-independent tumor spheres 

(AiTS), a characteristic phenotype of oral CSC. Each AiTS was manually 

isolated for separate, independent culture and analysis. RNA extracted 

from the AiTS revealed differential expression of specific CSC markers, 

including CD44, CD133, ABCG, CXCR6 and NANOG. These 

biomarkers were not observed in RNA extracted from the remaining non-

CSC cell cultures. Although a previous study from this group successfully 

isolated AiTS from one cervical and one oral cancer cell line, this may be 

the first study to isolate CSC from multiple oral cancer cell lines and verify 

both cell-surface and intracellular CSC biomarkers. These results may 

suggest that many tumors and oral cancers could harbor AiTS and CSC 

and that screening for these sub-populations may provide guidance for 

treatment and therapy to improve oral cancer survival rates. 
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Introduction 

Previous studies have demonstrated some tumors 

develop or maintain a small sub-population of cells with 

stem cell-like properties (Chae and Kim, 2018; Tong et al., 

2018; Czerwińska et al., 2018). These Cancer Stem Cells 

(CSCs) have been identified in many of the most common 

cancers, including lung, breast, prostate and colon tumors 

(Wang et al., 2018; Celià-Terrassa, 2018; Wade and 

Kyprianou, 2018; Hamzehzadeh et al., 2017). Although 

the presence of CSCs may help to explain the 

chemoresistance and subsequent recurrence of these 

cancers, recent evidence has also revealed the presence 

of CSCs in less prevalence tumors arising from the 

bladder, pancreas, thyroid and even tumors of the oral 

cavity (Li et al., 2017; Polireddy and Chen, 2016; 

Hardin et al., 2017; Baillie et al., 2017). 

These cancer stem cells (CSC) may exhibit 

differential properties that allow their escape from 

traditional radiation or chemotherapy treatments and may 

therefore be responsible for cancer recurrence (Saini and 

Yang, 2017; Zhang et al., 2018). Most recently, evidence 

has suggested that specific therapies targeted towards the 

CSCs from specific tissue types may need to be 

developed to facilitate treatment and therapy (Ohnishi 

et al., 2017; Moharil et al., 2017; Bakhshinyan et al., 

2018). As more information becomes available 

regarding the properties and mechanisms of CSC 
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development in tumors, such as oral cancers, more 

effective treatments and therapies can be developed to 

improve survival and patient outcomes (Shang et al., 

2018; Rodini et al., 2017; Wolmarans et al., 2017). 

Despite the significance of these findings, few studies 

to date have explored this phenomenon among oral 

cancer cell lines, which could provide models for testing 

therapies and other treatment modalities (Felthaus et al., 

2011; Wang et al., 2017; Kaseb et al., 2016). Based upon 

the paucity of evidence, the objective of this study was to 

examine multiple oral cancer cell lines to determine if any 

or all contained subpopulations of CSCs. 

Materials and Methods 

Oral Cancer Cell Lines and Culture 

The cell lines used in this study were human oral 

cancer cell lines purchased from American Type Culture 

Collection (ATCC; Manassas, VA). These included 

SCC15 (CRL-1623), SCC25 (CRL-1628) and CAL27 

(CRL-2095), which have all been characterized as oral 

squamous cell carcinomas (OSCC). Cells were cultured 

in Dulbecco’s Modified Eagle’s Medium (DMEM) with 

4.0 mM L-glutamine, modified with 3.7 g/L sodium 

bicarbonate, 4.5 g/L glucose, 110 mg/L sodium pyruvate 

and 10% Fetal Bovine Serum (FBS). In addition, media 

was supplemented with antibiotics, which included 

Penicillin (10,000 units/mL) and Streptomycin (10,000 

ug/mL) from HyClone (Logan, UT). All cultures were 

maintained in a humidified cell culture incubator at 37C 

with 5% CO2 and all experiments were performed in an 

approved Biosafety Level -2 (BSL2) cabinet, as previously 

described (Osafi et al., 2014; Moody et al., 2012).  

Microscopy and AiTS Isolation 

Microscopy was accomplished using an Axiovert 40 

inverted microscopy from Zeiss (Gottingen, Germany) 

and images were captured at 200X magnification using a 

PowerShot G6 digital camera from Canon (Tokyo, 

Japan) and processed using Adobe Photoshop (San Jose, 

CA). Isolation of potential CSC isolates was 

accomplished by culturing the OSCC cell lines to 100% 

confluence and allowing subsequent overgrowth. 

Adhesion-independent tumor spheres (AiTS) were 

isolated manually using micropipettes from the Z-plane 

(upwards) without firm adhesion to the deposited 

extracellular matrix (ECM) or cell-cell X- and Y-plane 

attachments. Multiple passages of each cell line were 

required to obtain sufficient cells for subsequent analysis. 

RNA Isolation and Analysis 

RNA was isolated from the OSCC cell cultures and the 

AiTS isolates from each of the experimental lines using 

the Total RNA Isolation Reagent from ABgene (Surrey, 

UK) according to the procedure recommended by the 

manufacturer, as previously described (Osafi et al., 2014; 

Moody et al., 2012).  

Approximately 1.5×10
7
 cells from each cell culture 

and AiTS isolate were processed and the RNA 

concentration were determined using UV spectroscopy. 

Quantity and quality of RNA were determined using the 

absorbance of diluted RNA samples (1:50 dilution) 

suspended in nuclease-free water, pH 7.0) measured at 

260 and 280 nm. RNA purity was determined using the 

ratio of A260:A280, which should be 1.65 or higher for 

RT-PCR analysis. Concentration was determined using 

A260 multiplied by the extinction coefficient (RNA in 

nuclease free water = 40) and the dilution factor (50): 

 

RNA standard: A260 (absorbance) = 0.75 

Concentration = 40 (extinction factor) x 50 (dilution 

factor) x 0.75 = 1,500 ug/mL RNA 

 

Reverse Transcription Polymerase Chain Reaction 

(RT-PCR) Screening 

To determine the expression (or lack of expression) 

of CSC-specific mRNA markers, RT-PCR was used to 

screen total RNA isolated from the OSCC cell lines and 

AiTS. Screening was accomplishing using the ABgene 

Reverse-iTOne-Step RT-PCR Kit and Mastercycler 

gradient thermocycler from Eppendorf (Hamburg, 

Germany) with the following primers, synthesized by 

SeqWright (Houston, TX). 

Positive Control Human mRNA standards: 

 

c-myc FORWARD: 

TCCAGCTTGTACCTGCAGGATCTGA; 25 nt, 52% 

GC, Tm 72C 

c-myc REVERSE:  

CCTCCAGCAGAAGGTGATCCAGACT; 25 nt, 56% 

GC, Tm 72C 

Optimal Tm: Lower annealing temperature – 5C = 68C 

 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 

GAPDH FORWARD: 

ATCTTCCAGGAGCGAGATCC; 20 nt, 55% GC, 66C 

GAPDH REVERSE: ACCACTGACACGTTGGCAGT; 

20 nt, 55% GC, 70C 

Optimal Tm: Lower annealing temperature – 5C = 61C 

 

CSC Cell Surface Markers: 

 

CD44 FORWARD: 

GAAAGGCATCTTATGGATGTGC; 22 nt, 45% GC, 

64C 

CD44 REVERSE: CTGTAGTGAAACACAACACC; 20 

nt, 45% GC, 61C 

Optimal Tm: Lower annealing temperature – 5C = 56C 

CD133 FORWARD: 
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CTCATGCTTGAGAGATCAGGC; 21nt, 52% GC, 65C 

CD133 REVERSE: CGTTGAGGAAGATGTGCACC; 

20 nt, 55% GC, 66C 

Optimal Tm: Lower annealing temperature – 5C = 60C 

 

CSC Intracellular Markers: 

 

ABCG-2 FORWARD: 

AGTTCCATGGCACTGGCCATA; 21 nt, 52% GC, 

69C 

ABCG-2 REVERSE:  

CAGGTAGGCAATTGTGAAGG; 21 nt, 485 GC, 65C 

Optimal Tm: Lower annealing temperature – 5C = 60C 

 

NANOG FORWARD: 

GCTGAGATGCCTCACACGGAG; 21 nt, 62% GC, 

71C 

NANOG REVERSE:  

TCTGTTTCTTGACTGGGACCTTGTC; 25 nt, 48%, 

69C 

Optimal Tm: Lower annealing temperature – 5C = 64C 

 

CXCR6 FORWARD: 

ATGGCAATGTCTTTAATCTCGACAA; 25 nt, 36% 

GC, 64C 

CXCR6 REVERSE: 

TGAAAGCTGGTCATGGCATAGTATT; 25 nt, 40% 

GC, 66C 

Optimal Tm: Lower annealing temperature – 5C = 59C 

 

In brief, mRNA positive control standards were used 

to establish the minimum threshold cycle (CT) and 

saturation cycle (CS) for RT-PCR and to confirm the 

successful isolation of RNA from each isolate and cell 

line. Signal detection above background was observed 

above ten (10) cycles or CT10 with saturation observed 

at forty (40) cycles or CS40. Using this information, RT-

PCR was performed at thirty (30) cycles, above the 

threshold detection limit but below the saturation point. 

In brief, one (1) ug of template (total) RNA was used 

for each screening reaction, with reverse transcription set 

for 30 min at 47C, followed by denaturation for two (2) 

minutes at 94C. Thirty (30) amplification cycles were 

performed, using the template of denaturation at 94C for 

twenty (20) seconds, annealing at the optimal annealing 

temperature or Tm (primer specific) for thirty (30) 

seconds and extension for an additional five (5) minutes. 

Products were subsequently separated using gel 

electrophoresis using Reliant NuSieve Agarose gels and 

visualized by UV illumination of ethidium bromide-

stained gels and captured using a Gel Logic 100 Imaging 

System and 1D Image Analysis Software from Kodak 

(Rochester, NY).  

Statistical Analysis 

Differences in RNA concentration and purity 

between OSCC cell lines and the corresponding AiTS 

isolates were determined using two-tailed t-tests, which 

are appropriate for use with parametric data. Statistical 

significance was set at an alpha level of a=0.05 and 

descriptive statistics were provided along with the 

appropriate p-value.  

Results 

Oral Squamous Cell Carcinoma (OSCC) cell lines 

SCC25, SCC15 and CAL27 were cultured and passaged 

to screen for the presence of potential oral Cancer Stem 

Cells (CSC) (Fig. 1). These experiments demonstrated 

that each cell line produced adhesion-independent tumor 

spheres (AiTS) that grew into the Z-plane after the cell 

line becoming confluent. Micropipette isolation of these 

AiTS for SCC25 (Fig. 1A and 1B), SCC15 (Fig. 1C and 

1D) and CAL27 (Fig. 1E and 1F) revealed these 

microstructures had developed sufficient intercellular 

cell-cell adhesion (Fig. 1A, 1C, 1E) to maintain this 

configuration during isolation and manual micropipette 

transfer (Fig. 1B, 1D, 1F). 

RNA was isolated from each cell line and the AiTS 

separated from each corresponding cell line (Table 1). In 

brief, the RNA derived from the OSCC cell lines had 

an overall average concentration of 370.7 ng/uL with 

a range from 311.4- 412.6 ng/uL, while the RNA 

isolated from the AiTS had a lower overall average 

concentration of 256.3 ng/uL that ranged from 243.3 

to 266.3 ng/uL. The purity of RNA isolated from the 

OSCC cell lines averaged 1.73 and ranged between 

1.68 and 1.77, while the AiTS had an overall higher 

average purity of 1.88 that ranged from 1.84 to 1.91. 

These differences between each OSCC cell line and 

the corresponding AiTS isolate were statistically 

significant, as were the differences between the 

combined averages of the OSCC when compared with the 

averages of the AiTS isolates (p<0.01). 

 

Table 1: RNA Isolation and Analysis 

 RNA RNA purity Statistical 
 concentration (A260:A280) analysis 

SCC15 311.4 ng/uL 1.73 Two-tailed t-test 

SCC15-AiTS 266.3 ng/uL 1.88 p<0.01 
SCC25 412.6 ng/uL 1.68 Two-tailed t-test 

SCC25-AiTS 243.3 ng/uL 1.91 p<0.01 

CAL27 388.2 ng/uL 1.77 Two-tailed t-test 
CAL27-AiTS 259.2 ng/uL 1.84 p<0.01 

OSCC average 370.7 ng/uL 1.73 Two-tailed t-test 
AiTS average 256.3 ng/uL 1.88 p<0.01 

OSCC range 311.4 – 412.6 ng/uL 1.68 – 1.77 

AiTS range 243.3 – 266.3 ng/uL 1.84 – 1.91 
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Fig. 1: Isolation of Adhesion-Independent Tumor Spheres (Potential Cancer Stem Cells) from Oral Cancer Cell Lines. Commercial 

oral cancer cell lines developed adhesion-independent tumor spheres or aggregates, which were isolated using micropipettes 
and subsequently documented using photo microscopy (A-F). Several AiTS were isolated for SCC25 (A, B), SCC15 (C, D) 
and CAL27 (E, F), which were then cultured for RNA isolation. Most AiTS identified for transfer (A, C, E) retained cell-cell 
adhesion during and post transfer (B, D, F). 

 

 
 
Fig. 2: RT-PCR screening of RNA isolates. RNA from OSCC and the corresponding AiTS was screened using RT-PCR and primers 

specific for both cell surface (CD44, CD133) and intracellular markers (NANOG, ABCG, CXCR6) 
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To determine whether any of the AiTS isolates from 
the OSCC cell lines expressed any biomarkers 
characteristic of cancer stem cells, the RNA isolated 
from each cell line was screened for mRNA using both 
intracellular and cell-surface targets (Fig. 2). This 
screening revealed that mRNA from the OSCC cell lines 
did not express mRNA for the intracellular markers 
NANOG or CXCR6, with variable low-level expression 
of ABCG (Fig. 2A). In contrast, all the AiTS expressed 
mRNA for CXR6 and NANOG, as well as ABCG.  

In addition, RNA was also screened for cell surface 
markers CD44 and CD133 (Fig. 2B). This analysis 
revealed no evident mRNA expression among the OSCC 
cell lines, with weak expression among two of the three 
AiTS isolates (SCC15 and SCC25). 

Discussion 

Few studies to date have assessed the potential for 

subpopulations of CSC to exist among oral cancer cell 

lines, which could provide models for testing therapies 

and other treatment modalities (Felthaus et al., 2011; 

Wang et al., 2017; Kaseb et al., 2016). Based upon the 

paucity of evidence, the objective of this study was to 

examine multiple oral cancer cell lines to determine if 

any or all contained subpopulations of CSCs. The results 

of this pilot study revealed that each OSCC cell line 

harbored a subpopulation of adhesion-independent tumor 

spheres that exhibited both intracellular and some cell-

surface biomarkers that indicate the presence of CSCs. 

Conclusion 

These findings are critically important as more 
evidence accumulates that suggest subpopulations of 
CSC may be critical factors in determining the treatment 
strategy and overall prognosis in oral cancer patients 
(Ravindran et al., 2015; Mohanta et al., 2017; He et al., 
2014). In fact, new evidence suggests that metastatic 
potential and invasiveness may be heavily dependent 
upon these CSC subpopulations, therefore more 
information regarding their properties and survival in 
well-characterized systems will be critical to further our 
understanding of these phenomenon (Rodrigues et al., 
2018; Shah et al., 2018; Chen et al., 2018). As more studies 
evaluate the role of CSC in oral cancer, more accurate and 
predictive models of therapy and prognosis will be needed 
to more effectively treat and manage patient care (Teixeira 
and Corrêa, 2018; Castilho et al., 2017).  
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