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Abstract 

The poor long term survival rate of head and neck squamous cell carcinoma is thought to 

partly be due to the high recurrence frequency caused by a small subset of cancer cells, the 

cancer stem cells. Several isoforms of CD44, a transmembrane protein, have been identified 

as possible cancer stem cell markers. In head and neck squamous cell carcinoma, the isoform 

of particular interest is CD44v6, which is expressed in the majority of malignancies. 

Therefore, characterization of head and neck cell lines is of increasing importance which is 

what brought about this project. Three cell lines; LK0412, UT45 and UT14, were 

characterized in regard to expression of CD44v6 under both normal and starvation conditions. 

The cell lines were also tested in different assays commonly used in research at the institution 

(Biomedicinsk Strålningsvetenskap), such as clonogenic assays. This was done in order to 

determine which of the cell lines would prove the most useful in future projects. The LK0412 

cell line displayed the highest expression of CD44v6 and performed well in all assays. 

Starvation assays were performed for each cell line and aside from clonogenic assays, the 

LK0412 cell line was advantageous to use in comparison with the UT45 and UT14 cell lines. 

In addition, several of the assay methods were optimized for each cell line during the course 

of the study, which will help obtain more precise results during future projects using these cell 

lines.  

 

Huvud- och halscancer är den sjätte vanligaste cancerformen i världen med en låg 

överlevnadsutsikt på 30-50% inom tre år. Den höga dödligheten beror bland annat på en hög 

tendens till metastaser och återkomst av sjukdomen. Studier tyder på att endast en liten del av 

cancerceller, de så kallade cancerstamcellerna, har förmågan att metastasera. I huvud- och 

halscancer har ett förhöjt uttryck av ytproteinet CD44v6 associerats med cancerstamceller, 

vilket lett till ökad fokus på just detta protein inom cancerforskning. I denna studie 

karakteriserades tre cellinjer; LK0412, UT45 och UT14, utifrån deras uttryck av CD44v6 

under både normala och svältförhållanden. Dessutom testades cellinjerna i olika experiment 

för att kunna etablera vilken av cellinjerna som skulle vara utav störst användning under 

framtida projekt på institutionen för Biomedicinsk Strålningsvetenskap. Den klart mest 

fördelaktiga cellinjen var LK0412. Cellinjen hade det högsta uttrycket av CD44v6 och 

producerade konsekvent bra resultat från övriga experiment. Det uppstod problem med både 

UT45 och UT14 i en del av experimenten trots försök till optimering av metoder och 

parametrar. I framtida projekt om CD44v6s betydelse för cancerstamcellsuttrycket i huvud- 

och halscancer, används därför med fördel cellinjen LK0412.  
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Introduction 

The long term survival rate of cancer of the head and neck remains low despite continuous 

advances in radiation– and chemotherapies. It is an aggressive disease with a strong tendency 

towards metastases in both locoregional and distant locations. At the moment, head and neck 

cancer is the 6th most common cancer in the world, with approximately 600,000 new cases a 

year and almost 130,000 deaths. The majority of the malignancies are head and neck 

squamous cell carcinomas (HNSCC)1. The mortality rate of HNSCC is high and for patients 

with advanced stages of the disease, the 3-year survival rate ranges between 30-50%.  Poor 

survival rate is partly due to the frequent recurrences of tumors despite complete tumor 

resections2.  

 

During the past two decades, the concept of cancer stem cells, i.e. tumorigenic cancer cells 

with stem cell-like behavior, has become a major focus of cancer research. Cancer cells 

identified as cancer stem cells (CSCs) play an important role in initiating migration, invasion, 

metastasis and growth of the malignancies. The CSCs are more resistant to chemo- and 

radiation therapies and are thought to be responsible for recurrences and metastases2. If CSCs 

can be identified and marked, it would become possible to target and treat the CSCs directly,  

reduce recurrences and metastases in HNSCC patients and improve the survival rate3–6. 

However, in order to treat CSCs, therapies that target them specifically need to be developed, 

the first step being the unequivocal identification of the CSCs.  

 

The transmembrane protein CD44 has been associated with cancer cells that exhibit cancer 

stem cell-like behavior in HNSCC4,7. The protein is expressed in its standard form, CD44s, as 

well as up to ten exon variant isoforms (CD44v1-10) and it is the primary receptor for the 

extracellular matrix (ECM) protein hyaluronic acid (HA). CD44s is expressed in most 

vertebrate tissues whereas the exon variants are more tissue specific4,8. CD44 exon variant 6 

(CD44v6) is expressed in a high percentage of HNSCC and is therefore of particular interest 

for research on CSCs of HNSCC and thus for purposes of this study. 

 

This paper comprises a study of three different HNSCC cell lines that have not previously 

been studied by the Head and Neck department at BMS (Biomedicinsk Strålningsvetenskap); 

LK0412, UT14 and UT45. The CD44v6 expression of each cell line is investigated and the 

cells will undergo starvation in order to increase the amount of cancer stem cells, and to 
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determine whether the CD44v6 expression is affected by and environment devoid of nutrients. 

The three cell lines work well in vivo and by characterizing their abilities to function in assays 

used in research at BMS, it will be possible to determine which of the cell lines will be 

suitable for participation in future projects. The study will also attempt to optimize the 

methods and parameters used in the assays for each cell line. 

 

Cancer stem cells 

The classical cancer concept, where any of the malignant cells are capable of forming new 

tumors contradicts the existence of CSCs where only the CSCs are capable of tumorigenesis3–

6. Tumors and malignancies are comprised of a heterogeneous cell population including 

epithelial, mesenchymal and immunal cells4. Though part of the heterogeneity is due to 

ongoing mutations and varying stages of differentiation, the primary reason for the 

heterogeneity is the CSCs ability to self-renew and generate differentiated progeny4–6. The 

CSCs can be viewed as a pool of self-sustaining cells that self-renew or differentiate into the 

non-self-renewing cancer cells that make up the bulk of a tumor. They enter mitosis 

infrequently and are therefore more resistant to therapies that target the rapidly dividing tumor 

cells, making the search for CSC markers essential for the continued improvement of HNSCC 

therapies4. In HNSCC as well as several other cancer types, the CD44 protein family has been 

identified as possible CSC markers. Elevated levels of the proteins have been associated with 

cells that display the ability to not only induce new tumors but exhibit increased migratory 

and invasive capabilities as well2,3,7–9.  

 

CD44 – a family of innovative individuals 

The CD44 protein is a single chain, single-pass, transmembrane glycoprotein7. The gene 

contains 19 exons and up to ten of the exons are subject to alternative splicing, creating 

different CD44 exon variants7,8,10. All of the variable proteins are translated from a single 

gene of 50-60 kb and the size of the proteins vary between 80-200 kDa8,11,12. The standard 

version, CD44s, is the most commonly expressed of the proteins and can be found on most 

vertebrate cell surfaces4,8. It is also the smallest of the proteins (~85 kDa), containing none of 

the variable exons8,10. The protein has seven extracellular domains which bind to extracellular 

matrix-proteins, as well as a transmembrane and cytoplasmic domain. Between the 

extracellular domains and the transmembrane domain lies a short stalk-like region. This 

region can be enlarged through insertion of variably spliced exons which then contribute to 

further ligand binding8.  
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The cytoplasmic domain plays an important role in the interaction between  CD44 and its 

ligands as well as in CD44 signal transduction8. CD44 signal transduction is involved in a 

number of processes associated with cancer progression, namely tumor cell migration, 

invasion, metastases, growth promotion, survival and angiogenesis2,7,8,10,13. The diverse nature 

of the protein variants as well as the multifaceted signal transduction that follows 

CD44/ligand-binding are credited with the many processes and functions associated with the 

CD44 receptor family2,8. 

 

CD44 general signal transduction 

There are at least two ways in which CD44 isoforms interact with the cytoskeleton, both of 

them indirect;  

1. The cytoplasmic domain binds to cytosolic proteins such as ankyrin and the ERM 

proteins; ezrin, radixin and moesin. 

2. By building a complex with the epidermal growth factor receptor (EGFR)2,10,13. 

The interaction between ankyrin and CD44 is direct, as ankyrin is a membrane-associated 

cytoskeletal protein. It binds to the cytoplasmic domain of CD44 and activates other cytosolic 

proteins such as ERMs, causing reorganization of the cytoskeleton2. However, there are 

multiple effects of the CD44/ankyrin-interaction, one of the most important being the release 

of intracellular stores of Ca2+, causing calmodulin-dependent activation which promotes 

tumor cell migration. The HA induced activation of ankyrin through CD44 also leads to tumor 

cell invasion of the surrounding tissue through degradation of the ECM10. The degradation is 

induced through the recruitment of leukemia-associated Rho guanine nucleotide exchange 

factor (LARG) which induces LARG-specific RhoA downstream signaling in HNSCC. The 

RhoA signaling activates Rho kinase (ROK) which phosphorylates adducin and other 

cytosolic proteins and promotes the secretion of matrix metalloproteinases 2 and 9 (MMP-2 

and MMP-9). MMP-2 and MMP-9 degrade the ECM and thereby enhances tumor invasion of 

surrounding tissue2,10. In addition to ROK, RhoA signaling activates phospholipase C (PLC), 

a key facilitator of intracellular Ca2+ mobilization. Once engaged, PLC starts a cascade of 

events, hydrolyzing phosphatidylinositol 4,5-bisphosphate (PIP2) into inositol-triphosphate 

(IP3) and releasing Ca2+ from intracellular stores. The released Ca2+ induces cytoskeletal 

changes as well as proliferation of the cell2. ERM proteins are linkers between membrane 

molecules such as CD44 and the cytoskeleton; ezrin is a key regulator of tumor metastases 
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and moesin causes degradation the ECM and invasion of the adjacent  tissue2. CD44 exon 

variants rather than CD44s associate and interact with ERM proteins8. 

 

The formation and activation of the complex between CD44/EGFR has numerous 

downstream effects, all of which are regulated by EGFR effectors and promote cell growth, 

tumor survival and increased chemoresistance2,10; 

- Activation of PI-3 kinase which transforms PIP2 to PIP3. PIP3 in turn activates all 

three subtypes of Akt (protein kinase B). Once activated, Akt suppresses the apoptotic 

potential of the cell, causing an increase in proliferation and tumor cell survival.  

- Initiation of Ras, which promotes Raf-1 phosphorylation and as a result, activates 

mitogen activated protein kinase (MAPK) which induces growth. 

- Activation of both RhoA and ROK signaling which activates PLC and leads to 

secretion of MMPs and degradation of the ECM, resulting in increased invasive 

capabilities2.  

- Activation of protein kinase C (PKC), resulting in PKC signaling involving Akt and 

Rac1. The activation induces an increase in focal adhesion kinase (FAK) 

phosphorylation, which is necessary for cell motility13.  

- Facilitation of extracellular signal-regulated kinase (ERK) phosphorylation, leading to 

tumor cell growth, migration and chemoresistance10.  

 

Unfortunately, using CD44s as a target for cancer therapy is not a possibility. The standard 

protein is expressed in the majority of human tissues and targeting it would cause more harm 

than good. The CD44 exon variants however, have tissue specific expressions. As mentioned, 

CD44v6 is of particular interest as a target for CSC-treatment and diagnostics in HNSCC. It is 

expressed in most HNSCC tumors as well as in HNSCC metastases in lymph nodes but is 

only expressed in a subset of normal epithelial tissues, making it a potent marker for target 

therapy10,14–16.  

 

CD44v6 signal transduction 

The expression of CD44v6 in HNSCC has been associated with advanced stages of the 

disease and an elevated expression of the protein has been linked to metastases2,9,17. CD44v6 

is believed to promote tumor progression and induce increases in MAPK-levels, thereby 

increasing the downstream effectors of the MAPK-pathways, leading to an increase in tumor 
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cell proliferation2,10. In addition to proliferation, the protein has also been associated with 

perineural invasion and a decreased disease-free survival10. In studies where CD44v6 was 

down-regulated, the interference with the expression of CD44v6 lead to inhibition of tumor 

growth as well as a loss of the stem cell-like qualities of the cancer cells9,14,17.  

 

CD44v6 acts as a co-receptor for the receptor tyrosine kinase c-Met, which is the receptor for 

hepatocyte growth factor (HGF). HGF and c-Met both play major roles in tumor 

vascularization and angiogenesis. As a result of acting as a co-receptor for c-Met, CD44v6 

induces the vascular endothelial growth factor (VEGF) and the receptor for VEGF, VEGFR, 

is coincidentally also regulated through CD44v618. VEGFR and c-Met use CD44v6 to interact 

with ezrin, which functions as a linker between the carboxy-terminus of CD44v6 and the 

cytoskeleton. By acquiring the assistance of CD44v6 and ezrin, VEGFR and c-Met are able to 

affect and induce intracellular changes. As mentioned, ERM proteins initiate the MAPK-

pathway and promote the activation of Ras through its guanine exchange factor, SOS (Sons of 

Sevenless). It is presumably through the activation of the MAPK-pathway that c-Met and 

VEGFR in cooperation with CD44v6 are able to induce proliferation, survival, migration and 

angiogenesis in tumors. The connection between CD44v6 and cancer progression could very 

well be due to the cooperation with c-Met18. The expression of CD44v6 is therefore of 

extreme interest when researching HNSCC cell lines. 

  

Materials and Methods 

Common procedures of cell culturing 

In order to sustain the different cell lines, the cells were kept in complete medium containing 

1% Pest (penicillin 100 IU/ml and streptomycin 10µg/ml) and 1% L-glutamine as well as 

10% foetal bovine serum (FBS). The LK0412 cells, were fed with Dulbucco’s MEM 

(DMEM)/Ham’s F12 (1:1) medium and the abovementioned supplements, whereas both the 

UT14 and UT45 cell lines were kept in DMEM with the addition of 1% non-essential amino 

acids as well as 10% FBS and 1% Pest and L-glutamine. The starvation mediums used for 

starvation assays contained the same supplements, however only 1% FBS. In addition to the 

supplements, the starvation medium also contained 20ng/ml of EGF (20µl of a solution with 

0.5mg/ml) and bFGF (100µl of a solution with 0.1mg/ml).  
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When not in use, the cells were kept in culture tissue flasks in incubators with 5% CO2 at 

37°C. In order to detach the cells from the flasks, either Trypsin-EDTA containing 0.25% 

trypsin and 0.02% EDTA or non-enzymatic cell dissociation solution was used. The cell 

dissociation solution was used when preparing the cells for flow cytometry and fluorophore-

labelled cell sorting (FACS) analysis. The FACS analyses were performed in the CyFlow 

Cube cell sorter (Partek GmbH, Münster, Germany). 

 

The various cell counts for each assay were done on a TC20 Automated Cell Counter (Bio-

Rad Laboratories Inc., Hercules, USA) which calculates the concentration of cells/ml from a 

small sample of the cell suspension (10 µl). The nature of the cell suspension, such as whether 

or not the suspension was a single-cell suspension and the size of the cells, can be investigated 

in cell counter as well. 

 

All of the laboratory work aside from the FACS analysis on the CyFlow Cube cell sorter was 

done under aseptic conditions in LAF-benches.  

 

Characterization of cell lines through FACS analysis 

The cells were harvested from the flasks using the non-enzymatic cell dissociation solution 

(Sigma-Aldrich, St. Louis, USA). A cell count was done on each cell line and samples of 

approximately 106 cells were transferred into sterile 15 ml FALCON tubes and centrifuged at 

1000 rpm for five minutes. Two washes with 4-5 ml of PBS containing 0.5% bovine serum 

albumin (BSA) were done before resuspending the cell pellet in 100 µl of PBS/0.5% BSA and 

labeling each sample with either one or two fluorescent antibodies. The cells were left to 

incubate at room temperature in the dark for ten minutes before adding 4 ml of PBS/0.5% 

BSA and centrifuging at 1000 rpm for five minutes. Two additional washes were done before 

finally resuspending the pellet in 2 ml of PBS/0.5% BSA. Isotope controls with the 

corresponding negative controls for each of the fluorophores were prepared under identical 

circumstances during each trial. 

 

For characterization of CD44v6, a FITC conjugated mouse anti-human antibody was used 

(AbD serotec, Oxford, UK), for CD44, an APC conjugated mouse anti-human antibody 

(eBioscence, San Diego, USA) and for CD44v3, a PE conjugated antibody (R&D Systems, 

Minneapolis, USA). The corresponding isotope controls were all mouse anti-human negative 

control antibodies, CD44v6 negative control (AbD serotec, Oxford, UK), APC CD44 negative 



9 

 

control (eBioscience, San Diego, USA) and PE CD44v3 negative control (R&D Systems, 

Minneapolis, USA).  

 

Clonogenic assay 

For the purpose of this study, the ability of each cell line to function in clonogenic assays was 

of examined as well as optimizing the method in regard to the amount of cells necessary for a 

functional assay. 

 

The cells were pre-plated one day prior to radiation exposure. Trials with radiation were 

performed on both normal and starved LK0412 as well as the normal UT45 cells. The cells 

were harvested with trypsin and two cell counts were done for each flask. An average of the 

two cell counts was used to calculate the amount of cell suspension needed in order to transfer 

a previously determined amount of cells to new, small culture tissue flasks (25 cm2 flasks) 

containing 10 ml of complete medium. The flasks were left to incubate overnight at 37°C and 

5% CO2. The following day, the flasks were irradiated with 2, 4 and 6 Grey respectively using 

a 137Cs source (Best Theratronics Gammacell 40 Exactor, Springfield, USA). The control 

flasks did not receive radiation treatment, but were however left at room temperature for the 

same amount of time it took to irradiate. The LK0412 and UT45 flasks were then incubated at 

37°C and 5% CO2 for 12 and 19 days respectively. 

 

The UT45 cells had had problems attaching to the surface of the cell flasks during the first 

trial and a second trial where the amount of cells seeded was increased 10 times was 

performed however, the results were still lacking. Therefore, the 25 cm2 culture tissue flasks 

were coated with Matrigel (BD Biosciences, Bedford, MA, USA) at a concentration of 1 

µg/cm2. Frozen Matrigel was thawed overnight at 4°C and transferred to a 50 ml FALCON 

tube containing ice cold complete medium. The suspension was kept on ice throughout the 

procedure. The concentration of the Matrigel solution was 25µg/ml. Ice cold tips were used to 

transfer 1 ml of the Matrigel/medium to each cell flask. The suspension was left to incubate in 

the cell flasks at room temperature in a sterile LAF-bench for one hour before the excess 

suspension was removed and 10 ml of complete medium was added to each flask. The same 

procedure for harvesting the cells from the donor flasks, counting, seeding and incubation was 

used for the UT45 cells as for the LK0412 cells.  
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After the incubation period had come to an end, the medium was removed from the flasks and 

washed once with PBS before adding 1 ml of 99.5% ethanol to each flask. The ethanol 

incubated at room temperature for five minutes before being removed and the flasks were left 

to dry until the ethanol had evaporated. The colonies were counted and used for PE and SF 

calculations through equation 1 and 2 as seen below. The graphs were made using GraphPad 

software.  

 

The clonogenicity of the cells was determined by calculating the plating efficiency (PE) and 

the survival fraction (SF). The clonogenicity, or rather the ability of each cell to undergo an 

infinite number of cell divisions, is determined by the amount of colonies in the irradiated 

flasks containing 50 or more cells per colony. Control flasks that had not been irradiated were 

used to calculate the PE; 

 

�� = ���.��	
������	������
��.��	
����	������ � ∗ 100%    (equation 1) 

 

The SF was determined through equation 2; 

 

�� = ���.��	
������	������	�����	�������
��.��	
����	������ � ∗ ��   (equation 2) 

 

Wound healing assay 

The wound healing assay was used to determine whether the cell lines worked well in the 

assay, which had not been performed previously at the lab, as well as determine whether the 

assay provided helpful information. In addition, the methods and parameters for the assay 

were optimized for future use and the CD44v6 expression was measured and compared to the 

results of the assay. 

The flasks were incubated with trypsin and approximately 106 cells were transferred to each 

well in a six-well plate. Complete or starvation medium was added to the respective wells and 

the plates were left to incubate at 37°C and 5% CO2 for two days until the wells were 100% 

confluent. Each well was then washed twice with serum-free medium before a small amount 

of medium was added and a 200 µl pipette tip was used to make a scratch in each well in the 

vertical plane of the wells. Two additional washes were done to remove damaged or loosened 

cells and images of each well were obtained using a Nikon D3000 digital camera mounted on 
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an inverted Nikon Diaphot-TMD microscope (Nikon Instruments Company, Japan). New 

images were taken every two hours and more frequently towards the end of the study.  

 

At the end of the assay, cells from the LK0412 cell line, both normal and starved cells, were 

detached from their wells using the cell dissociation solution and stained and analyzed for 

expression of CD44v6 in the Cube cell sorter according to the procedure previously 

described. For the wells that were not used for FACS analyses, trypsin was used to detach the 

cells. The images were analyzed using ImageJ software. 

 

Ligand Tracer assay for number of receptors per cell 

Ligand Tracers were used to calculate the number of receptors per cell (NRPC) using a 125I-

labeled CD44v6 antibody, U-36. Cells were harvested using trypsin and cell counts were done 

on each flask. One petri dish for each sample was seeded with 5*106 cells and left to incubate 

for two days at 37°C and 5% CO2. Despite seeding the entire plate, only a small area of each 

dish was needed for the trial and the most confluent are of the dish was chosen. The rest of the 

cells were scraped with a cell scraper and removed through three washes with complete 

medium. 3 ml of complete medium was added to each dish after washing and the Ligand 

Tracer runs were started. A baseline was measured before adding the first concentration 

(3nM) of 125I-U36 antibody. The samples were run at 1+1 measurement points, at 4-second 

intervals and data points were saved every 5 minutes. Two additional concentrations of the 

antibody, 9 and 15 nM respectively, were added once equilibrium had been established. After 

the final concentration reached equilibrium, the dishes were washed thrice with PBS 

containing 0.5% BSA and thrice with regular PBS before adding trypsin (LK0412 normal 

cells and UT45) or cell-dissociation solution (LK0412 starved cells). The dishes containing 

trypsin were put on a hot plate set to 40°C until the cells had detached. The starved LK0412 

cells were incubated for one hour in an incubator in order for the cells to detach. Cell counts 

were done on all samples and 0.5ml of the cell suspensions from the petri dishes containing 

the UT45 and normal LK0412 cells were transferred to an Eppendorf tube and assessed in a 

gamma-counter. The results from the gamma-counter were used to calculate the number of 

receptors per cell. The starved LK0412 cells were stained and a FACS analysis was 

performed for expression of CD44v6.  

 

Equation 3 and 4 were used to calculate the number of receptors per cell. First, the final 

activity (CPM/mole) in the 125I-U-36 antibody was calculated; 
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���� 	�!"�#�"$ = ����%���	�
�&�'	()*+,
����	��	���-��'     (equation 3) 

	 
Secondly, the mole of antibody per cell; 

 

./ 0	/�	��"�1/2$	304	!0  =
56789:6;	7<=>?>=@	>A	<6BB8∗C

AD.DE	<6BB8	F6:	5DB6
����	�
�&�'    (equation 4) 

	 
Lastly, the mole of antibody per cell was multiplied with Planck’s constant (6,023*1023) to 

get the number of receptors per cell. However, the interaction is bivalent and the number of 

receptors per cell was therefore divided by the correlation factor which was calculated via 

TraceDrawer software in order to get the correct number of receptors per cell.  

 

Results 

Expression of CD44v6 

As seen in figure 1a, the expression of CD44v6 in the normal LK0412 cell line was consistent 

throughout the numerous FACS analyses. The starved LK0412 cells however, showed a 

greater fluctuation in CD44v6 expression, as seen in figure 1b below. Figure 1c represents 

isotope controls for both LK0412 normal (top histogram) and starved cells (bottom 

histogram). Figure 2a illustrates how the normal UT45 cells displayed a somewhat constant 

expression of CD44v, albeit slightly less, than the normal LK0412 cells. However, the starved 

UT45 cell line, which was only used for FACS analyses during the first four weeks, displayed 

an almost identical expression of CD44v6 as the UT45 normal cells (see figure 2). Hence, the 

fluctuations in expression were unique for the starved LK0412 cells. 

  

   

Figure 1a

CD44v6 expression

C
ou

nt

0

71

141

71

141

C
ou

nt

10
1

10
2

10
3

10
4

10
5

71

141

C
ou

nt

Figure 1b

CD44v6 expression

C
ou

nt

0

69

137

69

137

C
ou

nt

10
1

10
2

10
3

10
4

10
5

69

137

C
ou

nt

Figure 1c

CD44v6 expression

C
ou

nt

0

93

186

279

372

10
1

10
2

10
3

10
4

10
5

93

186

279

372

C
ou

nt



13 

 

Figure 1. Expression of CD44v6 in the LK0412 normal (1a) and starved (1b) cells over the course of 2 (top), 4 
(middle) and 6 (bottom histogram) weeks from the starvation point. Isotope controls (1c) of normal cells (top) 
and starved cells (bottom). 
 

    
Figure 2. Expression of CD44v6 in UT45 normal (2a) and starved 2(b) cells over the course of 2 (top), 4 
(middle) and 6 (bottom histogram) weeks from the starvation point. The starved cells however were infected 
during the fifth week and no results are available post the 4-week starvation mark. Figure 2c shows the isotope 
controls of normal cells (top) and starved cells (bottom). 
  

   
Figure 3. The CD44 expression (3a), CD44v3 expression (3b) and CD44v6 expression (3c) of UT14 cells 
compared to their isotope controls. The stained cells are the top histogram and the bottom histogram represents 
the isotope controls in each figure.  
 

After splitting the UT14 cells into normal and starved cells, both flasks stagnated in growth. 

The starved cells never grew into a confluent cell layer and the normal cells grew too slowly 

for biweekly FACS analyses. Once the cell flask containing the normal cells was full, the cells 

were stained with APC for CD44 general expression, PEv3 for CD44v3 expression and 

FITCv6 for CD44v6 expression. The results are seen in figure 3 where the expression of each 

fluorophore is compared to their respective isotope controls. There is a distinct difference in 

expression between the two CD44 variants, v3 and v6.  
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Figure 4a below compares the three cell lines in terms of CD44v6 expression. The LK0412 

cells display the highest signal, followed by UT14 and finally UT45, however, the differences 

between the cell lines are meager. The starved LK0412 cells display the same tendency as 

they dominate the starved UT45 cells in terms of intensity of CD44v6 expression (figure 4b). 

 

  
Figure 4. Figure 4a shows a comparison of the three cell normal lines in terms of CD44v6 expression of the 
LK0412 cells (top), the UT45 cells (middle) and the UT14 cells (bottom histogram). Figure 4b shows a 
comparison of the starved LK0412 cells (top) and starved UT45 cells (bottom histogram). 
 

During the early stages of the study, a FACS analysis was performed using trypsin to harvest 

the cells prior to staining. The trypsinized samples exhibited no detectable signal for CD44v6 

and all future harvesting for FACS analyses were done using the cell dissociation solution. 

However, in order to confirm whether the trypsin did in fact influence the expression of 

certain surface proteins, a trial was done using the normal LK0412 cells where two cell flasks 

were in use simultaneously. One flask was trypsinized and the other was treated with cell 

dissociation solution prior to staining with the FITCv6 and APC-CD44 antibodies. As seen in 

figure 5a, the signal for general CD44 expression was diminished but still clearly detectable. 

However, the trypsin affected the CD44v6 signal (figure 5b), where only a small increase 

from the isotope control was visible. The sample where cells were harvested using 

dissociation solution, displayed a strong CD44v6 expression.  
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Figure 5. The CD44v6 expression of normal LK0412 cells (5a) and the general CD44 expression of LK0412 
normal cells (5b). The top histograms in the figures are the results from trypsin and the bottom histograms 
display the results from use of the cell dissociation solution. 
 

Clonogenic assays 

The normal LK0412 cells incubated for 12 days and the PE was 12.5%. The flasks had been 

left in the incubator for too long, making it hard to distinguish one colony from the other 

however the same problem applied to all flasks. The SF for the cells is shown in table 1 and 

figure 6a below where, despite the overgrown flasks, a tendency toward a lower SF for every 

increase in radiation dose is visible. 

 

Table 1. The number of seeded cells, radiation doses of the cells, colonies and PE and SF for the LK0412 cells.  
No. of cells seeded Radiation dosage No. of colonies 

(average) 
PE SF (average) 

1000 (control) 0 125 12.5 % - 
1500  2 90,3 - 0.75 % 
4500 4 94 - 0.26 % 
8000 6 114,3 - 0.18 % 

 

The UT45 cell line was left to incubate for 19 days which was considerably longer than the 

LK0412 cell line. The cells still proved to have a difficult time attaching to the surface of the 

culture flasks, despite the Matrigel-covered surfaces. The SF for UT45 cells is shown in table 

2 and figure 6b below. 
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Table 2. The number of seeded cells, radiation doses of the cells, colonies and PE and SF for the UT45 cells. 
No. of cells seeded Radiation dosage No. of colonies 

(average) 
PE SF (average) 

  3000 (control) 0 9.33 0.3 % - 
  6000 2 3.33 - 1.67*104 % 
  9000 4 1.67 - 5.6*105 % 
15000 6 2 - 4*105 % 
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Figure 6. The survival fraction of normal LK0412 cells (6a) and normal UT45 cells (6b).  

 

Wound healing assays 

The speed of migration for the wound healing assays was determined as the distance travelled 

divided by the time passed. A calculation was done for each well of each cell line and plotted 

as seen below in figures 7 (first trial) and 8 (second trial), plotted with mean value and error 

bars representing the standard deviation. The LK0412 starved cells migrated faster than both 

normal LK0412 and A431 cells during both trial and the normal LK0412 cells were 

considerably faster than the A431 cells. During the first trial, a trend appeared in which the 

speed of the cells increased notably the closer the cells came to each other. During the second 

trial, where the method had been optimized, the trend was less visible. Instead, the speed 

increased continuously, producing a seemingly linear curve.  

 

In addition to being the fastest moving of the three cell lines, the starved LK0412 cells also 

displayed the smallest standard deviation variations during both trials. The normal LK0412 

cells on the other hand, had the largest deviations from the mean value during the optimized 
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second trial. Aside from the deviating 4 hour-mark, the A431 cells displayed smaller 

deviations during the optimized trial.  

 

 
Figure 7. The distance travelled and speed of the starved LK0412 cells (7a and d), the normal LK0412 cells (7b 
and e) and the A431 cells (7c and f) during the first wound healing assay. The A431 cell line has been 
thoroughly examined at BMS and was added as a reference. The error bars represent the standard deviation. 
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Figure 8. The distance travelled and speed of the starved LK0412 cells (8a and d), the normal LK0412 cells (8b 
and e) and the A431 cells (8c and f) during the second wound healing assay. The A431 cell line has been 
thoroughly examined at BMS and was added as a reference. The error bars represent the standard deviation. 
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In order to determine whether the confluence could be a contributing to the speed of 

migration, cell counts for each well was performed. The results are shown in table 3 (first 

trial) and 4 (second trial). The total amount of cells per well was similar within the cell 

samples during the first trial where cell dissociation solution was used on the LK0412 wells 

and trypsin on A431 wells. However during the second trial, trypsin was used on most of the 

wells and cell dissociation on only one well from the LK0412 samples (both starved and 

normal). This resulted in a greater fluctuation in the amount of cells in each well from the 

second trial. As seen in table 4, the A431 cells are smaller than the LK0412 cells and the 

starved LK0412 cells are slightly larger than the normal LK0412 cells. 

 

Table 3. The total amount of cells in each well from the first wound healing trial. The cells from the LK0412 cell 
line (starved and normal) were detached using cell dissociation solution and the A431 cells were detached using 
trypsin. 
Well number  LK0412 (starved) LK0412 (normal) A431 (normal) 
1 6.36*105 4.62*105 2.70*106 

2 6.69*105 2.50*105 2.16*106 

3 5.28*105 3.78*105 2.74*106 

4 5.52*105 4.86*105 3.32*106 

5 4.38*105 5.37*105 2.68*106 

6 - 4.62*105 1.84*106 

 

Table 4. The total amount of cells in each well of each cell line from the second wound healing trial. The cells 
were detached using trypsin (*cells detached with cell dissociation solution). The sizes of the cells were derived 
from the Bio-Rad cell counter.  
Well number LK0412 (starved) LK0412 (normal) A431 (normal) 
1 1.24*106* 9.96*105* 9.56*105* 

2 2.44*106 4.06*106 3.08*106 

3 2.54*106 3.54*106 2.20*106 

Size of cells (diameter) 13-16µm  12-15µm 10-16µm 

 

The LK0412 cells were stained for CD44v6 and the results from both trials are shown in 

figure 9. The expression of CD44v6 of the starved LK0412 cells during the first wound 

healing assay was markedly higher than during the second assay. The same tendency was 

detectable in the normal LK0412 cells, albeit not as identifiable. The results from the second 

trial of starved and normal cells were similar to their regular expressions.  
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Figure 9. The CD44v6 expression of the normal LK0412 cells (9a) and the starved LK0412 cells (9b) from the 
wound healing assays. The top histogram in both figures is from the first trial, the bottom histogram represents 
the second trial of the assay. 
 

Unfortunately, the wells containing UT45 cells were unsuccessful in attaching properly to the 

surfaces of the wells. The cells detached from the surface when the scratch was done and the 

cells did not migrate towards each other.  

 

NRPC 

The number of receptors per cell was calculated using equation 3 and 4 as mentioned above. 

The UT45 cell line contained approximately 1.58*106 receptors per cell and the LK0412 cells 

2.45*106 receptors per cell. The LK0412 cells contained more receptors than the UT45 cells 

however, the UT45 cells started to loosen from the petri dish during the trial, resulting in a 

need to speed up the process. There were more than five times as many cells in the LK0412 

sample than the UT45 sample. The starved LK0412 cells produced invalid results, making the 

calculations impossible to do. They were therefore excluded from the NRPC results but were 

tested for CD44v6 expression which is shown in figure 10 below. As seen in the figure, the 

expression of CD44v6 had decreased significantly compared to results from the previous 

weeks. 

Figure 9a
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Figure 10. The expression of CD44v6 of the starved LK0412 cells from the failed NRPC trial. 

 

Discussion 

All three cell lines expressed CD44v6 at a fairly constant level throughout the study however 

the results from the starved LK0412 cells fluctuated. The CD44v6 expression after two weeks 

of starvation of the LK0412 cells was significantly lower than later results from FACS 

analyses. In contrast, the starved UT45 cells did not differ in expression during the first four 

weeks of starvation where it unfortunately suffered an infection and had to be discarded.  

After four and six weeks, the CD44v6 expression of the starved LK0412 cells increased and 

plateaued. It was as if the starved LK0412 cells were in a state of shock due to lack of 

nutrients and then acclimated to their surroundings and reached a level of CD44v6 expression 

which was similar to the level of the normal LK0412 cells. This does nevertheless not explain 

why the starved LK0412 cells failed the NRPC trial, where the expression of CD44v6 had 

lowered drastically only to retain their normal level of expression only days later. The cause 

of these fluctuations, which only seem to occur during starvation, is in need of further 

investigation. A way to assess CD44v6 expression is to calculate the number of receptors per 

cell but unfortunately, the NRPC trial on the starved LK0412 cells provided inadequate 

results for calculations. The problems regarding the UT14 cells made it difficult to evaluate 

the stability of the expression of CD44v6. However, as shown in figure 3c, the UT14 cells 

displayed an elevated expression of CD44v6 compared to another CD44 isoform, CD44v3, 

which illustrates the importance of CD44v6 in HNSCC. The results of the FACS analyses 

established that the LK0412 cell line proved superior to both UT14 and UT45 cell lines in 

regard to CD44v6 expression.  
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There were other advantages to working with the LK0412 cell line than CD44v6 expression; 

it grew at an incredible pace, even in starvation and after radiation, and was well suited for the 

wound healing assay. In comparison, the UT14 cell line failed to grow in starvation medium 

and the growth of the normal cells suddenly stagnated, which is the reason for the lack of 

results from that cell line past the four week mark. The UT45 cell line on the other hand was 

promising at first. It worked well in starvation, although the starved UT45 cells did not grow 

nearly as fast as the starved LK0412 cells, and had a constant expression of CD44v6. 

However, it failed repeatedly in clonogenic assays as well as in both wound healing trials. 

Despite coating the cell flasks with Matrigel prior to seeding the cells during the third 

clonogenic trial, the UT45 cells failed to provide a sufficient amount of colonies for the 

results to be reliable. In order to determine whether or not it is at all possible to use the UT45 

cell line in clonogenic assays, further optimization of the assay needs to be done, such as 

increasing the concentration of Matrigel or using a different agent to coat the cell flasks. 

Coating the surfaces with Matrigel could improve the assays for the UT45 cells as well as the 

UT14 cells which also failed early on during a clonogenic assay.  

 

The UT45 cells also had difficulties attaching properly to the surface of petri dishes during the 

NRPC trial where the cells started to loosen from the petri dish while spinning inside the 

Ligand Tracer. In order to obtain suitable results, the second and third concentrations of 125In-

U36 antibody were added before the cells had established a well-defined equilibrium. Seeing 

as the petri dish was washed a total of six times before adding trypsin to harvest the cells, it is 

likely that a part of the UT45 cells were removed during the washes. This explains why the 

cell count for the UT45 cells was more than five times lower than that of the LK0412 cells. 

Nevertheless, the calculation of the number of receptors is based on the cell count, meaning a 

loss of UT45 cells during the washes cannot account for the substantial difference in the final 

number of receptors per cell between the two cell lines. The cause of the discrepancy was 

more likely due to the hastening of the UT45 trial, seeing as the antibody did not have 

sufficient time to interact with the receptors before the additional concentrations were added. 

Nevertheless, the analysis of the results of the NRPC supports the findings from the FACS 

analyses; the LK0412 cells express more CD44v6 than the UT45 cells. 

 

As mentioned, the UT45 cells were unsuccessful in the wound healing assays as they 

loosened from the surface of the wells as soon as the scratch was made. Due to the stagnated 

growth of UT14, the only cell line left to examine was the LK0412 cell line. Thankfully, both 
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starved and normal cells worked well in the assay and the results from the trials are promising 

in terms of future use of both the cell line and the assay itself. The second trial was optimized 

by means of marking the well with a pen prior to taking the first photos, thus ensuring that all 

photos were taken in the same spot. This little change had a remarkable impact on the results; 

the rapid increase in speed towards the end of the assay which was visible as a trend during 

the first trial, changed into a more linear progression. The combined standard deviations also 

decreased for all cell lines. In both assays, the starved LK0412 cells dominated in terms of 

speed, followed closely by the normal LK0412 cells. The A431 cells were by far the slowest 

but were also smaller and only added to the assay as a reference. During the first trial, the 

wells containing A431 cells were not 100% saturated which could have contributed to the 

slow migration speed however, as seen in tables 3 and 4, the cell counts from the A431 wells 

during the first trial were several times greater than all LK0412 cell counts from that trial. As 

mentioned, the A431 wells were trypsinized whereas the LK0412 wells were treated with cell 

dissociation solution. The average amount of cells in the starved and normal LK0412 wells 

was 5.6 and 4.3*105 cells respectively, which was approximately half the original amount of 

cells seeded at the beginning of the assay. This indicated that the cell dissociation solution 

provided inaccurate cell counts and was confirmed during the second wound healing assay 

where one of the wells was treated with cell dissociation solution and the additional two were 

trypsinized. Once again, the cell dissociation solution provided a cell count which was 

significantly lower than that of the trypsinized wells. Trypsin results in a homogenous, single-

cell suspension whereas the cell dissociation solution results in large clusters of cells that are 

hard to dissolve and provide inaccurate cell counts. In future assays where the confluency or 

the amount of cells is of importance, the use of cell dissociation solution should be avoided. 

 

An additional discovery was made while optimizing the methods used in the abovementioned 

assays. As mentioned, the use of trypsin to harvest cells had a negative effect on the 

expression of CD44v6 during FACS analyses. This was discovered by accident but confirmed 

through additional trials as shown in figure 5 above. Trypsin should therefore be avoided 

when performing FACS analyses of surface proteins.  

 

The results of the characterization made it clear that the most advantageous cell line to move 

forward with was the LK0412 cell line. Furthermore, the inexplicable fluctuations in CD44v6 

expression of the starved LK0412 cells are a cause of interest rather than concern, since 

starvation assays can function as a means of doing a natural selection of the cancer cells. The 
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LK0412 cell line was by far the most functional in terms of clonogenic, wound healing and 

NRPC assays, however optimized methods for both clonogenic and NRPC assays should be 

used when investigating starved LK0412 cells.  
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