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ABSTRACT

The purpose of this research was to investigate iINOS expression in a
multistep carcinogenesis model. The model cells generated from ethanol treatment
of HPV-immortalized human gingival mucosal (GM16) keratinocytes consisted of
less transformed epithelium-like (EPI) cells and more transformed fibroblast-like
(FIB) cells. The latter exhibited anchorage independent growth (AIG) with a
decrease in the expression of keratins, desmoplakins and a complete loss of a
stratified squamous epithelia keratin K14. Moreover, FIB cells strongly expressed a
simple epithelial keratin K18, a marker for an early stage of cell transformation. In
contrast, EPI cells strongly expressed keratins, desmoplakins, and K14 but lacked
K18 expression. These results were concomitant with the transformed status of
more transformed FIB cells.

Results revealed that iINOS at mMRNA and protein levels was up-regulated in
more transformed FIB cells in comparison with less transformed EPl and GM16
cells. FIB cells at low passages (p<22) were unstable being able to morphologically
and functionally revert back to EPI phenotype, while no reversion was observed in
FIB cells at high passages (p>43). The morphological reversion of FIB cells was
associated with the reversal of vimentin expression as well as AIG. More
importantly, these revertants showed reversal of iNOS mRNA as well as MAP
kinase ERK and phospho-ERK protein expression, while FIB cells without
reversion maintained the expression. Furthermore, MAP kinase inhibitor U0126
could reduce detectable iINOS mRNA levels suggesting that MAP kinases were
upstream regulators of iNOS transcription. U0126 caused both morphological and
functional reversion of FIB cells indicating involvement of MAP kinases in these
functions. Taken together, we provide evidence for an up-regulation of iNOS in
cultured human keratinocytes which exhibit AIG. This up-regulation may reflect
progressive transformation which still requires further changes to reach tumorigenic
conversion.

KEY WORDS: INDUCIBLE NITRIC OXIDE SYNTHASE/ IMMORTALIZED

HUMAN KERATINOCYTES/ ANCHORAGE-INDEPENDENT
GROWTH/ MAP KINASES/ MULTISTEP TRANSFORMATION
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CHAPTER 1
LITERATURE REVIEW

1. Multistep carcinogenesis

1.1 Background of carcinogenesis

Cancer research has generated a complex body of knowledge revealing that
cancer is a disease involving dynamic changes in the genome (1). The discovery of
oncogenes with dominant gain of function, and tumor suppressor genes with recessive
loss of function is able to answer many basic molecular questions about the molecular
origins of cancer (2). In humans, the incidence of cancer is associated with an
advanced age especially in the final decades of life, culminating in a lifetime risk of 1
in 2 for men and 1 in 3 for women (3). Interestingly, age-dependent (40 to 80 years)
increase in cancer risk is fuelled largely by a marked increase in epithelial carcinomas,
as opposed to cancers of mesenchymal or haematopoietic origin (3). An understanding
on the molecular basis of cancer may provide the means for future research to generate
novel molecular based therapies against cancer.

Several lines of evidence indicate that tumorigenesis in human is a multistep
process (1). These processes are known to require sequential acquisition of mutations,
which arise as a consequence of damage to the genome that control proliferation and
cell death. Mutational damage results in an activation of genes stimulating
proliferation or protection against cell death, the oncogenes, and the inactivation of
genes which would normally inhibit proliferation, the tumor suppressor genes. Some
inactivating mutations occur in genes responsible for DNA repair as well as in genes
that maintain genomic integrity facilitating the acquisition of additional mutations (2).
Mutations from these events can be the results of endogenous processes such as errors
in replication of DNA, the intrinsic chemical instability of certain DNA bases or from
attack by free radicals generated during metabolism and inflammation (4). DNA
damage can also be the result from interactions with exogenous agents such as

ionizing radiation, UV radiation, and chemical carcinogens (5).
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Multistep process is divided into three stages which are initiation, promotion and
progression as shown in Fig. 1.1. Initiation is an initial step causing DNA damage in
the genome followed by the promotion step which facilitates the initiated cells to
become increase and susceptible to a promoter. All of these stages in turn enhance
cells into progression stage. In addition, DNA replication and subsequent cell division

IS necessary to convert damage to an inheritable change in DNA (Fig. 1.1).

DNA damage by initiators

L,

Normal cell romotors

~ 1. Initiation

Initiated cell-
single mutation

~ Il. promotion

Preneoplasia-second,
third, etc. mutation

. I11. progression

Cancer cell-multiple
genetic defects

UOI1RJ341]04d PUE SUOIEINIA]

i

Figure 1.1 The sequential acquisition of cancer-causing mutations. DNA damage
from initiators causes a single mutation in a critical gene leading to the formation of an
initiated cell. Additional application of promoters and proliferation are required to
increase the number of initiated cells and increased susceptibility to mutations. Further

increases the mutation rate lead to progression to neoplasia and malignant conversion.

1.2 Human papillomavirus and carcinogenesis

A large body of epidemiologic data that links high-risk Human
papillomavirus (HPV) to cervical cancer led a panel of experts at the International
Agency for Research on Cancer (IARC in Lyon, France) in 1995 to conclude that the
high-risk HPV types 16 and 18 are carcinogenic to humans (6). HPV infection has
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been identified as a causative in more than 95% of carcinoma of the cervix and in a
large proportion of other genital cancer (7-9) as well as in laryngeal papillomas (10).
Recent evidence also implicates HPV in the development of oral cancer (11-13).
About 30-40% of oral cancer tissues contains HPV DNA (12, 14, 15). Oral epithelial
dysplasia is infected with HPV in up to 42% of cases, and 89% of HPV-positive
samples are infected with high risk HPV type 16 and 18 (16). In another study, HPV16
was found in 62.5% of the verrucous leucoplakias and 50% of the erythroplakias, and
HPV detection rate of the examined premalignant lesions of was 40% (12). As 100%
of patients who developed oral cancers within 4-12 years were all HPV positive (12),
these data indicate a strong association of HPV to oral cancer (11).

Immortalization, an unlimited proliferative potential, might be resulted from
recessive changes in growth inhibitory genes involved in cellular senescence and thus
limiting the proliferative capacity of cells in vivo (17). HPV 16 and 18 can cause
immortalizaion of oral keratinocytes (18, 19). Immortalized cell lines contained HPV
DNA in an integrated form also express several viral-specific mMRNAs including viral
E6/E7 mRNAs (18-20). Moreover, E6 and E7 proteins were also detected in an
immortalized cell line induced by the EGE7 DNA and by co-transfection of the E6 and
E7 plasmids (21). Chromosomal abnormalities and cellular changes have been
observed in HPV-immortalized oral epithelial cells (22, 23) as well as in an oral
carcinoma and its derivative cell lines (20), thus supporting the immortalizing and
transforming functions of HPV. Although, a rare evidence reporting that HPV-
immortalized cell line was able to spontaneously transform to tumorigenic cells (24,
25), most of HPV-immortalized cell lines were not able to produce tumors in nude
mice (18, 19, 26). Thus, additional cofactors may facilitate HPV-induced
transformation process. These cofactors of oral cancer are likely alcohol, tobacco,
carcinogens, and other viruses such as HIV. These factors may potentiate the
integration of viral genome and the consequent to the viral integration that most HPV-
associated malignancies will develop. In line with this, investigators have combined
HPV with a cofactor, such as, N-nitrosamine (27), and benzo[a]pyrene (28) to
investigate the role of HPV in oral carcinogenicity. To date, there has been no
experimental evidence to demonstrate that ethanol is cofactor with HPV-dependent

transformation to tumorigenicity.
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Figure 1.2 Synergistic effect in cell immortalization and transformation by HPV
E6 and E7 oncoproteins. E6 functions to inhibit p53 and BAK and activate
telomerase and the Src kinases. E7 inhibits pRb, which releases E2F and results in the
upregulation of p16, but E7 also inactivates p16. In addition, E7 seems to stimulate
cyclins A and E as well as cdk-2 and cdk-4, and inactivates the cyclin-dependent
kinase inhibitors CIP1, p21, and p27. E6 prevents apoptosis that is induced by high
E2F levels, and E7 rescues E6 from inhibition by p16 (40).

For HPV of high risk type 16 and 18, E6 and E7 oncogenes coding for

proteins have been found to inactivate tumor suppressor proteins p53 and pRDb,
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respectively (29). HPV EB6 interacts with p53 and pro-apoptotic protein BAK followed
by their degradation resulting in resistance to apoptosis and an increase in
chromosomal instability (30). In addition, E6 oncoprotein stimulates cell growth by
activation of telomerase (31) and the Src kinases (32). HPV E7 interacts with and
degrades pRDb, which a release the transcription factor E2F from pRb inhibition
resulting in upregulation of cyclin-dependent kinase inhibitor pl6, but E7 also
inactivates p16 (33, 34). The release of E2F results in progression of G1 phase into S
phase of cell cycle, contributing to uncontrolled proliferation (34). E7 stimulates the S
phase genes cyclin A and cyclin E (35) as well as cdk-2 and cdk-4 (36) and seems to
block the function of cyclin-dependent kinase inhibitor CIP1, p21, and p27 (37-39).
Moreover, E7 induced an increase in bcl-2 expression (36). Thus, E6 and E7
oncoproteins synergize in cell immortalization and that can render cell transformation
and malignant conversion (40) (Fig. 1.2).

1.3 Experimental models for multistep carcinogenesis

A large number of experimental models supporting multistep carcinogenesis
has revealed in both in vivo and in vitro studies. In vivo animal models, multistep
carcinogenesis model was achieved by treating animals with a single chemical
carcinogen or combination of two carcinogens. Treatment with a single chemical
carcinogen has been demonstrated in 7, 12-dimethylbenz[a]anthracene (DMBA)-
induced hamster buccal-pouch carcinomas (41) as well as in DMBA-induced rat
mammary tumors (42) or with UV radiation in chronic UV light-induced murine skin
cancer (43). Together with the combination of two carcinogens, DMBA and 17-O-
tetradecanoylphorbol-13-acetate (TPA), also caused tumor development in mouse skin
(44). In vitro systems, transformation of cultured cells is itself a multistep process
(45). The multistep process is divided into three phases: phase | immortalization,
phase Il benign transformation, and phase Il malignant transformation. When
malignant transformation is achieved without any specific immortalization inducing
agent, this is referred as an “one-phase transformation”. If immortalization is a
prerequisite of malignant transformation, then the whole process is referred to as “two-
three-phase transformation” (45). Rodent cells in culture are easily transformed into
malignant cells by treatment with either a chemical carcinogen such as 4-

hydroxyaminoquinoline-1-oxide (45), or with oncogenes, for examples latent
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membrane protein 1 (LMP1) of Epstein-Barr virus (EBV), middle T oncogene from
polyoma virus (46) or middle T antigen (47). These commonly observed events are
referred to as “one-phase transformation” (Fig. 1.3). In contrast to rodent cells, human
cells in culture are more difficult to transform. Two-three-phase transformation is
applicable to human cells (45) (Fig. 1.4). This is supported by experimental models
showing the malignant transformation of human endocervical cells by a sequential
combined effect of high risk human papillomavirus type 16 (HPV 16) and cigarette
smoke condensate (48), or of human lung fibroblasts by Simian virus 40 (SV 40) and
Benzo[a]pyrene (49). It appears likely that immortalization by high risk HPV or SV40
is a key step in malignant transformation in both rodent and human cultured cells, but
further changes, i.e., treatment with a carcinogen or transfection with another
oncogene, are needed to obtain benign malignancies and finally fully malignancies
(Fig. 1.4).

In vitro oral carcinogenesis model, malignant transformation of oral
keratinocytes has been achieved when HPV-16-immortalized human oral
keratinocytes were treated with a potent carcinogen Benzo[a]pyrene (28) or with 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (27). These two experimental models
support the multistep process transformation of human cells by which immortalization
by high risk type of HPV can render cells to escape from damages by chemical

carcinogens and that these cells progress from normal to malignant counterpart.

Immortal | — | Malignant

Carcinogens or
oncogenes

Phase | Phase 11

Normal

Figure 1.3 Schematic diagram representing one-phase transformation of rodent
cells. Rodent cells are malignancy converted by treatment with chemical carcinogens
or oncogenes without a distinct immortalization phase and without the aid of

recognized inducers of immortalization (45).
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Carcinogens or Fully Malignant
oncogenes
Phase 111
Carcinogens or Benign Malignant
oncogenes Shase ||

SV40 Immortal
HPV

Phase |
Normal

Figure 1.4 Schematic diagram representing two-three-phase transformation of
human cells. In human cells, immortalization by HPV or SV40 is a prerequisite for

malignant cell transformation by chemical carcinogens or oncogenes (45).

2. Role of alcohol in cancer biology

2.1 Alcohol as a cancer risk factor

An association between alcohol and cancer has been documented for the case
of breast cancer in women, and cancers of the mouth, oesophagus, pharynx, larynx,
and liver (50). A number of epidemiological data show that alcohol drinking is a
strong risk factor for developing oral cavity cancer (51), erythroplakia (52), and oral
epithelial dysplasia (53). Many studies have identified the interactions between
alcohol and tobacco-related products, such as, smoking (53, 54), tobacco/betel quid
chewing (52, 55), and oral snuff (56). Many of these studies have concluded that
alcohol acts as a promoter of these cofactors, and that alcohol also has an independent
effect in increasing risk of oral cancers. In a study of upper digestive tract cancers
(oropharyngeal and oesophageal), Gronbaek, et al. found that alcohol is much stronger

risk factor for these types of cancers than smoking (57). Specifically, studies in
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Sweden have shown that drinking beer or liquor show greater increased risk of oral
cancers than oral snuff usage alone (56).

Several hypotheses exist about the mechanism whereby alcohol consumption
increases the risk of cancer. An in vivo study shows that alcohol induced sister
chromatid exchange and a significantly higher frequency of spontaneous breaks of the
chromosomes in a cohort of untreated Hodgkin’s disease patients (58). Consistently,
Maffei, et al. showed increased cytogenetic damage in peripheral lymphocytes from
alcoholics (59). Ethanol exerts toxicological effects through liver cytochrome P450
(60), and Kupffer cell (61) activation. The toxic effects of alcohol are mediated at least
partially by damage to DNA. Chronic consumption and metabolism of alcohol result
in the generation of several classes of DNA-damaging molecules, including reactive
oxygen species, lipid peroxidation products and acetaldehyde (62). Moreover, DNA
adducts of acetaldehyde have been detected in lymphocytes of alcohol abusers (63),
suggesting that the genotoxic action of acetaldehyde is an important mechanism
underlying the carcinogenicity associated with chronic alcohol ingestion.

Ethanol is not carcinogenic in experimental animals (64). However, in oral
carcinogenesis model, moderate does of ethanol is regarded as a co-carcinogen
enhancing tumor initiation or acting as a tumor promoter of esophageal (65) and lung
(66) tumorigenesis. Ethanol causes changes in oral morphology by increasing the size
of basal cell nuclei (67). In addition, ethanol treatment of a squamous cell carcinoma
of the head and neck cell line caused a significant increase of cells in the S phase, a
shift of cytokeratin pattern, and significant up-regulation of EGF, IL-4, and PDGF
receptors (68). These mechanisms of action of ethanol may apply for oral cancer
development (60). However, no experimental evidence has been presented to
demonstrate that the combined ethanol and viral infection (especially HPVs) could
play a role in oral cancer.

2.2 Alcohol and infection/ immunosuppression

In relation to pathogen exposure, ethanol enhanced growth of Mycobacterium
avium complex in the host (69), consistent with alcoholics having more frequent
infection-associated mortality than nonalcoholics, and that alcoholics are
immunosuppressed (70). The mechanism by which chronic alcohol can turn the highly

regulated innate immune response into a pathway of disease is by disrupting the signal
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transduction cascades mediating the innate immune system. Recent studies have
identified specific modules in the toll-like receptor-4 (TLR-4) signaling cascades that
are disrupted after chronic ethanol exposure, including CD14 and the mitogen-
activated protein kinase family members, ERK1/2 and p38 (71). Moreover, significant
evidence indicates that alcohol induced endotoxemia in alcoholic liver disease (72). It
has been recognized that immunosuppressive individuals are more susceptible for
HPV infection and cancer development (73), and thus this may be the case for
susceptibility of oral cancer in alcoholics.

2.3 Alcohol treatment and cytoskeletal reorganization

In the context of cytoskeletal reorganization, chronic ethanol administration
increases the hepatocyte expression of integrins, which mediate extracellular matrix
contacts (74). Ethanol can induce filament reorganization by site specific
phosphorylation of intermediate keratins of hepatocytes (75). In addition, chronic
ethanol consumption can induce the release of cytokines including transforming
growth factor (TGF)-beta (76) and epidermal growth factor (EGF) (77). TGF-beta
alone (78) or in combination with EGF (79) can induce epithelial-mesenchymal
transition (EMT), which is associated with increased malignancy (80), and carcinoma

cell invasiveness and metastasis (81).

3. Role of Nitric oxide (NO) in biology

3.1 Biology of NO

Nitric oxide (NO) is a potent biologic mediator with diverse physiologic and
pathophysiologic roles (82). NO is generated by the family of nitric oxide synthases
(NOS) that convert the amino acid L-arginine to citrulline and free radical NO (Fig.
1.5). NO has a short half-life (t », = seconds) and is rapidly oxidized to the stable,
inactive end-products, nitrite and nitrate (NO,- and NO3-) (82, 83). There are three
isoforms of the NOS enzyme which have been isolated and represent products of three
different genes (Table 1.1). Two of the NOS enzymes are continuously present and are
thereby termed constitutive NOS (cNOS). One cNOS enzyme was first identified in
endothelial cells (endothelial NOS, eNOS) and is localized to plasma membrane
caveolae in these cells (84). The second cNOS was initially localized to neurons

(neuronal NOS, nNOS), but has also been identified in other tissues such as skeletal
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muscle (85). The two cNOS enzymes are in contrast with the third NOS isoform,
inducible NOS (iNOS) which is not typically expressed in resting cells and must first
be induced by certain cytokines, microbial products or lipopolysaccharide. iNOS was
first identified in murine macrophages stimulated by LPS (86). To date, many other
cell types have been reported to express iNOS following cytokine and/or LPS
stimulation (87-89) and constitutive iNOS expression has been identified in certain
epithelial cell types (90-92).

All NOS isoforms are homodimeric enzymes that require the same
cosubstrate; molecular oxygen and NADPH, and cofactors; FMN, FAD,
tetrahydrobiopterin, heme, and Ca®'/calmodulin (Table 1.2). Following a rise
intracellular Ca**, Ca®*-calmodulin binding results in the activation of cNOS, leading
to the transient synthesis of small amounts of NO. The low levels of NO generated by
a cNOS acts as a messenger molecule by activating soluble guanylate cyclase and
increasing intracellular cGMP in nearby target cells and thus cause their cellular
responses (93). In contrast to two cNOS enzymes, iNOS, which is induced by
cytokines or LPS, produce the large quantity of NO that can be sustained over days
(83).

3.2 Physiology and pathophysiology of NOS

3.2.1 Constitutive NOS and their functions

cNOS generate NO as a signaling molecule that can regulate physiological
processes. NO produced from nNOS modulates neuronal activity in both the central
and the peripheral nervous system. In addition, NO also acts as a neurotransmitter of
the peripheral nervous system. NO mediates several autonomic functions throughout
the body, i.e., the regulation of smooth muscle cells in bronchi, stomach, and intestine
as well as in blood vessels. However, long-term release of NO and NO metabolites is
neurotoxic and contributes to tissue destruction following stroke, to neurodegenerative
processes such as Alzheimer’s disease, Huntington chorea, and AIDS dementia-
complex, and to experimentally induced neurologic diseases (94).

NO produced from eNOS was first found to have a biologic role in the
regulation of vascular homeostasis. Small amounts of NO from endothelial cells result
in vascular smooth muscle cell relaxation and regulation of systemic blood pressure.

In addition, NO acts as an endogenous inhibitor of vascular smooth muscle cell growth
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and migration, NF-kB activity, and the expression of pro-inflammatory molecules,
such as, vascular cell adhesion molecule 1 (VCAM 1), endothelial leukocyte adhesion
molecules-1 (ELAM-1or E-selectin) and, to a lesser extent, intracellular adhesion
molecule-1 (ICAM-1). NO thereby also regulates leukocyte trafficking. In this
context, iINOS expression in vascular endothelial cells has been shown to mediate
cytotoxicity and basic fibroblast-growth factor releases in cultured vascular smooth
muscle cells, suggesting an important role of NO in the mechanism of

neovascularization of arteriosclerotic plaques (94).
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Figure 1.5 Biosynthesis of NO. NO is generated by a class of NADPH-dependent
NO synthases, which catalyze the conversion of arginine to citrulline and NO. Three
different isoforms have been characterized a) Constitutive NOS or
calcium/calmodulin ¢cNOS (nNOS and cNOS) isoform and b) Inducible NOS or
calcium-independent isoform (iNOS) (94).
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Table 1.1 Gene structure and chromosomal localization of the human NO

synthase
Human NOS gene Cell types Chromosome Gene size
Neuronal NOS (nNOS) Neuronal cells, Skeletal 12 160 kb
muscle cells, Cardiac
muscle
Endothelial NOS (eNOS) Endothelial cells 7 21 kb
Inducible NOS (iNOS) Many cell types 17 37 kb

Table 1.2 Characterization of the human NO synthase proteins

Human NOS Protein size  Subcellular  Regulation ~ NO output
site
Neuronal NOS (nNOS) 161 kDa Cytosol Ca?/ Lo

. W
calmodulin

endothelial NOS (eNOS) 133 kDa Membrane>> Ca?*/ Low
cytosol calmodulin

Inducible NOS (iNOS) 131 kDa cytosol >> Gene High

Membrane transcription

Cofactors: BH,, FAD, FMN, Heme
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3.2.2 Inducible NOS and its function

Inducible NOS (iNOS), like the other NOS isoforms, is a modular protein that
consists of an N-terminal oxygenase domain, which contains a heme-active site and
binding sites for L-arginine and tetrahydrobiopterin (BH,), and a C-terminal reductase
domain, which is homologous to NADPH:P450 reductase containing the binding
domains for FMN, FAD and NADPH. A linker segment containing a calmodulin-
binding motif separates these two domains (Fig. 1.6). For iNOS, the Ca**-calmodulin
interaction is very tight, so that the activity of the enzyme is generally viewed as Ca*'-
independent. iINOS become catalytically active when monomers are covalently joined
by a disulphide bridge between the conserved cysteine residules from each monomer.
Homodimerization is regulated process that requires binding of L-arginine, heme and
BH4 (94, 95).

Oxygenase Reductase
- N o I

Arg Heme BH4 CaM FMN | FMN | FAD NADPH

Figure 1.6 Schematic model representing iNOS structure. Binding sites for L-
arginine (Arg), heme, tetrahydrobiopterin (BH4) in oxygenease domain, binding
domains for FMN, FAD and NADPH in a reductase domain and a linker segment

containing calmodulin (CaM)-binding motif.

NO produced by iNOS act as non-specific defense mechanisms of immune
system against several pathogens, including bacteria, viruses, parasites, and fungi as
well as cancer cells. High concentration of NO produced by macrophages exerts
cytotoxic effects against intracellular pathogens. Moreover, it has been shown that
other cell types that express iINOS, such as hepatocytes, pulmonary epithelial cells,
keratinocytes, and endothelial cells, may also contribute to this innate immunity.
Several lines of evidence indicate that inappropriate expression of iNOS plays a major
role in many important inflammatory and autoimmune diseases. Thus, NO exerts

important immuno-regulartory effect in the immune system (94).
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3.3 Role of iNOS in cancer

Significant role of nitric oxide (NO) and inducible nitric oxide synthase
(iNOS) in tumorigenesis has been addressed due to genotoxicity of NO (Fig. 1.7) (96),
and the high prevalence of iINOS in human cancers (91). Many studies have been
performed to delineate the role of NO in tumor biology. Results have shown both pro-
and anti-tumor activities of NO depending on local concentrations of NO generated by
iINOS from tumor cells and/or immune cells. NO produced by immune cells is
cytotoxic towards tumor cells contributing to the anti-tumor immune response in vivo
(97), the suppression of light-induced mouse skin cancers (98), and a delay of cell
transformation in NO-producing transformed cells (99). Alternatively, excessive NO
production promotes tumor growth (100), and increases the invasiveness of tumor
cells (101). Data also show that iNOS up-regulation in the carcinoma as well as the
stromal cells is associated with tumor promotion (44) and progression (42), and that an
interception of iINOS gene suppresses tumorigenicity and metastasis (102). While
iINOS can promote tumor growth, overexpression of iNOS can also delay the growths
of DLD-1 tumor cells and the implanted tumors (103), and NO donors can decrease
TNF-a-induced transformation of mouse JB6 cells (104). This suggests that
endogenously produced NO by tumor cells may be a determinant for their tumorigenic
potentials resulting in different outcomes. Eventhough iNOS is present in the
keratinocyte of human skin and oral cancer tissues (92), there has been no evidence for

iNOS induced by human keratinocytes during cell transformation.
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Figure 1.7 Schematic diagram representing free radical generation and
tumorigenesis. Free radicals cause lipid peroxidation and activate the production of
cell-proliferation-stimulating eicosanoids. The free radicals can also damage DNA and
modify the structure and function of cancer-related proteins, i.e., DNA-repair and

caspase proteins thus, leading to accumulation of mutations and tumor formation.
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3.4 Regulation of iINOS by MAP kinase

The mitogen-activated protein kinase (MAPK) family of proteins belongs to
distinct and evolutionarily conserved signal transduction pathways that are activated
by extracellular stimuli. MAPK are important mediators of signal transduction and
play a key role in the regulation of many cellular processes, such as cell growth and
proliferation, differentiation, and apoptosis. In mammalian cells, three major groups of
MAP kinases have been identified: extracellular signal-regulated kinase (ERK), c-jun
N-terminal kinase (JNK), and p38 MAP kinase. It is well documented that ERK is
typically stimulated by growth-related signals, whereas the JNK and p38 MAP kinase
cascades are activated by various stress stimuli such as heat, UV, ionizing radiation,
and inflammatory cytokines (105).

Several lines of evidence showed that MAP kinases regulate iNOS expression
in different cell types. ERK1/2 activation mediated up-regulation of iINOS protein
expression in LPS-induced human colon epithelial cells (106) as well as in IL-1f3-
treated vascular smooth muscle cells (107). MAP kinase inhibitors of ERK and p38
pathways reduced cytokine-induced INOS promoter activation in human lung
epithelial cells (108). More specifically, p46 INK/SAPK and its upstream kinases act
as upstream regulators of iNOS following INF-y and TNF-a in mouse macrophages
(109). Exposure to cigarette smoke resulted in the induction of iNOS and c-fos via
regulation of MEK1/ERK2 in the lungs of rats (110).

In the context of MAP kinases and cancer, several human cancer cells
exhibited elevated levels of MAP kinase proteins such as in ovarian cancer cells (111),
breast cancer cell lines (112), and melanoma cells (113). Inhibitors specifically to
MAPK kinase pathway have been shown to induce apoptosis in cancer cells (112,
114). Consistently, Ha-Ras-transformed mouse mammary epithelial cells showed
hyperactive MAPK pathway and that MAP kinase inhibitor could reverse the
transformed phenotype (115). Another report on the role of JNK activation elicited
partially transformed phenotype has been demonstrated in mouse fibroblast cells
(116). The mechanism by which the activation of MAP kinases in transformed cells
may due to the elevation of ROS production from overexpression of Nox 1 (117).
ROS mediates increased ERK1/2 and p38 MAP kinase activity in malignant

progression of mouse keratinocytes (118). An inhibitor of mitochondrial respiratory
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chain or NADPH oxidase as well as antioxidants can inhibit JNK/p38 activation (119).
This suggests that MAPK activation is the targets affected by ROS in cells.

3.5 Regulation of iINOS by arginase pathway at translational and post-
translational regulation

Arginase is physiologically the first enzyme for synthesis of polyamines in
mammalian cells (120). Arginase hydrolyzes L-arginine into urea and ornithine, which
is converted to polyamines supplying for cell growth and functions (120). On the other
hand, arginase has been found to downregulate the production of NO which in turn is
involved in a variety of biological function (121). There are two distinct isoforms of
arginase: arginase | and arginase Il. Arginase | is localized in the cytosol, and is highly
expressed in the liver and to a much less extent in a few other tissues and cell types.
Expression of arginase | in liver is regulated by dietary protein and by hormones. Its
main function is in the urea cycle in the liver by catalyzing the conversion of L-
arginine to L-ornithine and urea (122). In contrast to arginase |, arginase Il is located
within the mitochondrial matrix and is expressed at low levels in extra-hepatic cells
and tissues (123). It was suggested that arginase Il plays a role in down-regulation of
NO synthesis by decreasing the arginine availability for the NOS reaction (120, 124).
These two isoforms are encoded by two different genes and differ in molecular and
immunological properties, tissue distribution, subcellular location, and regulation of
expression (120).

L-arginine is the only one endogenous substrate which is shared by two
pathways; NOS and arginase (120, 121) and that the availability of arginine is one of
the rate-limiting factors in cellular NO production (124, 125). Arginase | has been
found to be induced in other cell types upon LPS/cytokine treatment or in
inflammatory conditions such as in LPS-induced rat peritoneal macrophages (126), in
IL-4-induced rat aortic smooth muscle cells (127), and in hyperproliferative psoriatic
epidermis (128). The function of arginase | in these induced cells appears to have an
important role in down-regulation of NO synthesis by decreasing the availability of
arginine. The same effects in inhibition of NO production observed by arginase I,
arginase Il caused down-regulation of NO in LPS-treated macrophage-like RAW
264.7 cells (125, 129). Loss of constitutive expression of arginase, i.e., in the presence

of arginase inhibitors or high concentration of L-arginine (12 mM) was concomitant
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with up-regulation of iINOS/NO production (128, 129). Conversely, iNOS inhibitors
have been found to increase arginase activity (130). The mechanism by which arginase
down-regulates NO production may be due to depletion of intracellular arginine thus
leading to suppression of iINOS translation (131) as well as iNOS protein stability
(132). It has been reported in the lung during hyperoxia which showed upregulation of
arginase | and Il in peribronchial and perivascular connective tissues, however NOS
activity was unchanged (133). High intracellular arginase levels do not limit the
capacity of mouse macrophages to synthesize NO even when the L-arginine
concentration in the culture medium is lowered to a physiological level (134) Thus,
these data implicate an inter-regulation of arginase and NOS pathway.

In terms of cancer biology, arginase has been regarded as a marker of
mammary carcinoma (135). Arginase activities were increased in benign prostatic
hyperplasia and prostatic carcinoma, in squamous cell and basal cell cancers of the
human skin (136), and in experimental carcinogenesis of benign mouse skin tumors
(137). The inter-regulation of arginase and NOS has been linked to carcinogenesis.
Arginase inhibitor NOHA has an anti-proliferative and apoptotic actions on arginase-
expressing human breast cancer cells, but not in breast cancer cells which have the
highest NOS activity (138). These data is supported by the study indicating that
arginase can enhance tumor cell growth by providing them with polyamines and
suppress tumor cytotoxicity by reducing NO production (139). However, there is no
experimental study that has reported the inter-regulation of arginase and iNOS during
cell transformation.

3.6 Regulation of iNOS by proteasome pathway

The proteasome is an abundant multi-enzyme complex that provides the main
pathway for degradation of intracellular proteins in eukaryotic cells. The functionally
active 26S proteasome is a very large complex that is found in the cytoplasm and
nucleus of eukaryotic cells. It consists of a 20S core catalytic cylindrical complex
capped at both ends by 19S regulatory subunits. The proteasome identifies proteins
which tagged with ubiquitin polypeptides during ubiquitination and that lead to their
degradation. It controls the levels of proteins that represent mediators of cell-cycle

progression and apoptosis, such as the cyclins, caspases, Bcl2 and nuclear factor



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) / 19

kappaB (NF-kB). The disruption of these regulatory proteins can contribute to tumor
formation (140).

It has been shown that many types of malignant cells are more sensitive to
proteasome blockade than non-cancerous cells. Proliferating human leukaemic cells
are significantly more susceptible to apoptosis that is induced by the proteasome
inhibitors than quiescent leukemic cells (141). Proteasome inhibitor lactacystin and N-
carbobenzoxy-L-leucyl-L-leucyl-norvalinal (LLnV) induce apoptosis of oral
squamous carcinoma cells, but not of normal oral epithelial cells or gingival
fibroblasts (142). Moreover, a recent evidence has been demonstrated that lactacystin
blocks cell cycle progression by inhibiting degradation of Kipl and causes apoptosis
of activated B-cell CLL cells with little effect on resting B-CLL cells (143). Thus,
inhibition of proteasome function may lead to a progressive accumulation of cell cycle
checkpoint or apoptotic proteins and resulting cellular dysfunction could trigger
apoptosis in progressively malignant cells.

It has been shown that cav-1 down-regulates iNOS by the proteasome
pathway in human colon carcinoma (144). Proteasomal inhibitor lactacystin, MG132,
and N-acetyl-L-leucinyl-L-leucinyl-L-norleucinal cause the accumulation of iNOS
protein in cytokine-treated human epithelial kidney cells or in cells transfected with
INOS (145). Consistently, iNOS expression in human embryonic kidney cells, in
human alveolar epithelium-like lung carcinoma cell line, and in murine macrophage, is
subject to ubiquitination and that ubiquitination is required for its degradation (146).
Although this study showed that the proteasome regulates iINOS expression at
transcriptional and post-translational levels in these three cell lines tested (146),
conflicting data showing the regulation of INOS at post-translational but not at
transcriptional levels by cav-1 via the proteasome pathway (144). This may due to
differential regulation of iINOS transcription pathway in different cell types. These
data agree with the concept that iNOS would be a regulartory protein, which is
controlled by the proteasome pathway. Understanding the regulation of iINOS
degradation will reveal how cells control the level of NO synthesis during
transformation. However, it is not known why iNOS is target for proteasome

degradation in cancer cells.
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4. Further research on the role of iNOS in cancer

NO acts as double-edge sword in tumor biology. The expression of iINOS in
many human cancer tissues including breast, stomach, ovary, cervix, and central
nervous system has been clearly documented with immunohistochemical studies
showing cellular localisation dependent on tumor type and that iNOS/NO involved in
chronic inflammation with an increased cancer risk. On the other hand, NO has
cytotoxic effects against tumor growth depending on concentration of NO at a local
level. The knowledge for cancer therapy between the roles of NO in promotion and
inhibition of tumor growth will be further clarified in vitro and in vivo studies with
potent inhibitors highly selective for iNOS (147).

iINOS and its associated mediators have been targeted for therapeutic
intervention. Several research areas have significant potentials in the near future
including: 1) modulation of tumor hemodynamics to improve the delivery of
therapeutic agent to solid tumor; 2) cancer therapy using iNOS inducing agents in
iNOS inducible cancer, which are susceptible to NO-mediated cytotoxicity, or the use
of iNOS-transduced tumor cells as a vaccine, similarly to the cytokine gene transduced
tumor cells; and finally 3) the use iNOS inhibitors as a therapeutic adjunct in tumors
which exhibit NO-induced tumor progression. Current availability of relatively
nontoxic and selective inhibitors of iNOS, such as, aminoguanidine and 1400W will
likely make this a realistic goal to achieve. Aminoguanidine has anti-inflammatory
properties as they protect against peroxynitrite-induced oxidative damage (148). A
selective inhibitor of INOS 1400W inhibits the growth of solid murine tumors
expressing iINOS (149). In addition, proteasome inhibitor bortezomib has been used as
anti-neoplastic and anti-inflammatory drugs by targeting transcription factors NF-kB
which mediate iNOS gene expression (140). Finally, a good knowledge on human
carcinogenesis needs to be evaluated so that useful chemopreventive strategies can be
properly assessed (150, 151).
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CHAPTER 2
DEVELOPMENT OF A CELL MODEL OF TRANSFORMATION

1. Introduction

It is widely accepted that tumorigenesis in humans is a multi-step process.
These steps reflect genetic alterations that drive the progressive transformation of
normal human cells into highly malignant derivatives (1). In vitro transformation of
cultured cells is itself a multistep process (152). Rodent cells are easily transformed
into malignant cells by single treatment with a chemical carcinogen or induction with
an oncogene. In contrast to rodent cells, cultured human cells are more difficult to
transform (45). A study to investigate the progression of human cells to undergo
transformation will contribute to an understanding on molecular mechanism associated
with multi-step carcinogenesis in humans.

Epithelial cells represent the most important cell type in tumor formation
because the vast majority of human malignancies in an advanced age is of epithelial
origin (3, 153). To achieve transformation of human epithelial cells, these cells have to
be immortalized for example by either SV40 virus large T-antigen or human
papillomavirus (HPV) type 16 E6/E7 genes. This is the first feasible step in
transformation (154). Further keratinocyte transformation requires exposition of the
cells to stress, chemical carcinogens or transfection with an oncogene (155). In an in
vitro oral carcinogenesis model, malignant transformation of oral keratinocytes was
achieved when HPV-16-immortalized human oral keratinocytes were treated with
Benzo[a]pyrene, a potent carcinogen (28). This indicates that immortalization of oral
human keratinocytes by HPV 16 is a prerequisite for malignant transformation.

Alcohol is considered as a single inducer as well as a promoter in
combination of carcinogens from cigarettes to the development of head and neck and
oral cancers (60). Ethanol by itself is neither mutagenic nor carcinogenic, the
mechanism underlying ethanol-caused and -promoted cancers has been largely

attributed to the toxicity and mutagenicity of acetaldehyde the metabolite of ethanol
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(156). In addition, chronic ethanol consumption can induce the release of cytokines
including transforming growth factor (TGF)-beta (76) and epidermal growth factor
(EGF) (77). These two cytokines can induce epithelial-mesenchymal transition (EMT)
(78, 79), which is associated with increased malignancy (80) and carcinoma cell
invasiveness and metastasis (81). Thus, an experimental system to study the effect of
chronic ethanol treatment together with HPV of high-risk type 16 in multi-step oral
carcinogenesis by inducing or at least in part being associated with EMT was therefore
established

Epithelial-mesenchymal transition (EMT) often occur when epithelial cells
become tumorigenic (157). After EMT induction, cells lose epithelial features,
including down-regulation of cytokeratins and desmosomal proteins and acquire
mesenchymal characteristics, i.e., coexpression of vimentin filaments (158, 159). All
cells of rat primary cultures were abundant of keratin filaments whereas tumorigenic
counterparts expressed less keratins with concomitant gain of vimentin expression
(160). Additionally, loss of epithelial markers and acquisition of vimentin expression
was observed in human breast cancer cell lines (161) and in melanoma cells (162).
These indicate an association of the changes in intermediate filaments and transformed
status of cells. Specific keratin subtypes were used to identify the differences between
normal and malignant tumor. Down-regulation of K14, a stratified squamous epithelia
keratin, was demonstrated in high-grade cervical squamous intraepithelial lesions
(163) as well as in HPV-associated neoplastic transformation (164). K8 and K18,
keratins that are normally expressed in simple epithelia, were strongly expressed in
dysplastic and malignant oral epithelial but was absent in normal stratified squamous
epithelial (165). Moreover, HPV16-transformed human epidermal keratinocytes
showed increased K18 expression (166). Thus, cell transformation resulted in marked
changes in cytokeratin expression and that these changes were associated with data of
keratinocytes-derived tumours (165). The present cell model was generated on the
basis of multistep carcinogenesis from chronic ethanol treatment of the HPV-
immortalized gingival mucosal keratinocytes. Then the HPV-immortalized gingival
mucosal keratinocytes post ethanol treatment were characterized based on above

indicators of cell transformation.
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2. Experimental procedures

2.1 Establishment of less transformed (EPI) and more transformed
(FIB) cells

2.1.1 Ethanol treatment of immortalized human gingival

(GM16) keratinocytes

Human gingival mucosal (GM) keratinocytes were immortalized with E6 and
E7 oncogenes of HPV type 16 (termed as, GM16 cells) (kindly supplied by Dr.
Tomakidi, Department of Orthodontics, Dental School, University of Heidelberg,
Heidelberg, Germany). These immortalized (GM16) cells were maintained in serum-
free keratinocyte growth medium (0.15 mM Ca®") supplemented with growth factors
as supplied by the manufacturer (KGM, Cell System, St. Katharinen, Germany).
GM16 cells (at passage 20) in KGM were directly treated with ethanol to obtain an
ethanol concentration in the medium of 60 mM. The KGM in GMI16 cultures was
replaced with new medium containing ethanol once a week. Ethanol-treated GM16
cells were kept in a 5% CO, alcohol-mini incubator (CasboyC40 model from
Labotect, Gottingen, Germany) at 37°C. Ethanol was added to deionized water in a
humidifier reservoir inside the incubator to obtain an ethanol concentration of 60 mM.
The reservoir was replenished with fresh ethanol-containing water twice a week. The
alcohol incubator was opened only twice a week for medium changes (on Mondays)
and water-reservoir replenishment (on Mondays and Thursdays). Following ethanol
evaporation in this schedule, the weekly checked final ethanol concentration in the
medium was maintained constant at 30 mM. This concentration was chosen according
to guidelines recommended by the National Institute of Alcohol, Alcoholism and Drug
Abuse (NIAAA) of the National Institutes of Health (NIH); whereby blood ethanol
levels of 30 mM (~150 mg/dl) in non-tolerant humans could cause impaired mental,
motor skills, short-term memory, and slurred speech. For unexposed control, GM16
cells were cultured in KGM in another 37°C-5% CO, incubator without ethanol
treatment.

2.1.2 Generation of differentiation-resistant cell populations

At time points of 3 or 9 weeks of ethanol treatment, cells were removed from

the alcohol incubator. When ethanol-treated cells were refed with fresh KGM medium

(without ethanol), they were able to recover from ethanol stress and were able to
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resume proliferation. To obtain differentiation-resistant populations from ethanol-
treated cells, medium was removed and replaced with DMEM/FCS (containing 1.8
mM calcium and 10% FCS). Cells were kept in a 5%-CO; incubator at 37°C. The
medium was replaced every other day to remove cell debris from terminal
differentiated cells. Cultures post 9-week ethanol treatment in DMEM/FCS were
maintained without trypsinization until differentiation-resistant outgrowth of cells was
first observed after 14 days. Cultures from control cells without ethanol treatment or
from 3-week ethanol treatment produced only such a small number of resistant cells
that they could not be maintained in cultures. All of our data presented were results
obtained from cell populations produced by ethanol treatment of 9 weeks. The GM16
cells post 9-week ethanol treatment (termed as EtOH-GM16) were able to proliferate
to confluency, and were subsequently trypsinized and transferred to a fresh flask. This
trypsinization was designated as passage 1 (i.e., post ethanol treatment). EtOH-GM16
cells were expanded with a split ratio 1:2 every week. These cells exhibited elongated
morphology.

Preparation of DMEM/FCS: Dulbecco’s Modified Eagle’s Medium (DMEM)
(Sigma-Aldrich), 10% Fetal bovine serum (FCS) (GIBCO), and 1% 100 X Penicillin &
streptomycin (Sigma-Aldrich).

2.1.3 Separation of ethanol-derived GM16 populations as EPI,

FIB and FLOAT cells

EtOH-GM16 cells (passages 1-10) exhibited elongated morphology with
floating cells were further subcultured in DMEM/FCS. At passages 12-15, EtOH-
GM16 cells were morphologically heterogenous ranging from round-oval epithelial
cells to elongated, and spindle-shape cells with cells in free-floating state. Cell
populations of elongated and spindle-shape cells as well as free-floating cells were
easier to detach from cultured flasks compared with round-oval epithelial cells and
that these two cell populations were selected based on differential trypsinization.After
subcultures in DMEM/FCS for 5-6 months (passages 20-25), two homogenous cell
populations were selected from EtOH-GM16. They were EPI and FIB cells which the
latter produced FLOAT cells (as shown in Fig. 2.1).
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2.2 Characterization of intermediate filaments
2.2.1 Analysis of vimentin by indirect immunofluorescence (11F)

GM16 and EtOH-GM16 cells at passage 8 were grown on glass coverslips
until subconfluence and confluence. After washing with PBS, cells were fixed with
cold methanol (precooled at -20°C) for 5 min, immersed quickly in cold acetone, and
allow to dry at room temperature. For blocking, cells were treated with 1% BSA in
PBS containing 0.1% Tween 20 (PBST) for 10 min. After washing with PBS, cells
were immunostained with anti-vimentin antibody (Monosan, Uden, The Netherlands)
for 6 hr. After washing with PBS, the cells were stained with fluorochrome-conjugated
mouse secondary antibody (1:100) (Mo Bi Tec, Gottingen, Germany) for 1 hr at room
temperature. Nuclei counterstain was carried out by propidium iodide (5 pg/ml)
(Sigma, Deisenhofen, Germany) to the secondary antibody. IIF images were measured
by using a Confocal laser scanning microscope (Leica, Bensheim, Germany).

2.2.2 Analysis of total keratins and membrane junctional
desmoplakins by indirect immunofluorescence (11F)

EPI and FIB (p15-25) were grown on glass coverslips until subconfluence
and confluence and were washed with PBS. FLOAT cells were collected from
medium of cultured FIB cells. After washing with PBS, FLOAT cell pellets were
coated on 0.1% gelatin-coated glass coverslips before fixing. Cells were fixed with
cold methanol (precooled at -20°C) for 5 min, immersed quickly in cold acetone, and
allow to dry at room temperature. For blocking, cells were treated with 1% BSA in
PBS containing 0.1% Tween 20 (PBST) for 10 min. After blocking and washing, cells
were immunostained with pan-keratin (1:100) (Dianova Lu-5 pan antibody, a gift from
W. Franke, DKFZ, Heidelberg), desmoplakins 1 and 2 (a gift from W. Franke, DKFZ,
Heidelberg), for 6 hr. After washing with PBS, the cells were stained with
fluorochrome-conjugated mouse secondary antibody (1:100) (Mo Bi Tec, Gottingen,
Germany) for 1 hr at room temperature. For internal controls, cells were stained with
the secondary antibody alone. Primary human fibroblasts which were stained with
desmoplakin 1 and 2 were used as negative control. IIF images were measured by
using a Confocal lasser scanning microscope.

Preparation of 0.1% gelatin-coated glass coverslips: 0.1% gelatin (diluted in

PBS) was added onto glass coverslips and incubated at 37°C in 5%-CO; incubator.
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After 1 hr incubation, gelatin solution was aspirated from the glass coverslips. Then
the glass coverslips were allowed to dry at room temperature.
2.2.3 Analysis of sqamous epithelial K14 and simple epithelial

K18 by indirect immunofluorescence (I11F)

IIF was performed as described in 2.2.2 for the analysis of total keratins and
membrane junctional desmoplakins. For antibody staining, cells were immunostained
with keratin K14 (1:20), and keratin K18 (1:2) (Dianova, Hamburg, Germany) for 6 hr
and followed by fluorochrome-conjugated mouse secondary antibody (1:100) (Mo Bi
Tec, Gottingen, Germany) for 1 hr at room temperature. Primary human fibroblasts

which were stained with K14 were used as negative control.

3. Results

3.1 Effect of chronic ethanol treatment on human GM16 keratinocytes

Immortalized GM16 keratinocytes formed monolayers with cobblestone-like
appearance (Fig. 2.2a). These cells revealed a homogeneous population with
uniformity in cell size and shape. The results showed that ethanol treatment decreased
proliferation rates of GM16 cells as the reduced numbers of cells were not able to
form monolayers. Compared to non-treated cultures, ethanol may also induce terminal
differentiation in GM16 cells, suggesting one possible mechanism of elimination of
ethanol-affected cells from the growth fraction. The significant loss of cells and
monolayer pattern was accompanied by alignment of cells into a nest of tube-like
formation (Fig. 2.2b). After 3 weeks of ethanol treatment, GM16 cells were able to
recover from crisis and proliferate to confluency after 6 weeks of ethanol treatment in
KGM. However, after 9 weeks of ethanol treatment in KGM, a nest tube-like
formation was still maintained with increasing number of cells which exhibited
terminal differentiation as reflected by their squamous appearance (Fig. 2.2c).

3.2 Calcium-resistant populations of human GM16 keratinocytes post
ethanol treatment.

It has been shown that the presence of HPV16 or 18 (167) renders
keratinocytes resistant against calcium-induced differentiation. Experiments were
designed to determine the possibility that ethanol treatment could further increase the

resistance against calcium induced-differentiation associated with HPV16 E6/E7 in
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GM16 cells. Control GM16 cells and GM16 cells post 30 mM ethanol (for 3 weeks or
9 weeks) were treated with DMEM/FCS, and continued -culturing without
trypsinization for four weeks. Proliferating cells only from cells treated with ethanol
for 9 weeks were obtained, and these cells termed as EtOH-GM16 cells. DMEM/FCS
initially induced significant differentiation of EtOH-GMI16 cells showing
vacuolization in the cytoplasm with overlapping of stratified cells as shown in Fig.
2.3a. After 14-17 days in DMEM/FCS, oval-shaped cells appeared inside the empty
spaces where terminal differentiated cells had peeled off from flasks. These cells grew
and continued to proliferate until reaching confluency in DMEM/FCS, indicating their
proliferative capacity (Fig. 2.3b). After four weeks in DMEM/FCS, these cells were
then trypsinized and replated to a new flask showing heterogenous mixed populations
of single cells as well as terminally differentiated cells, which were detaching at later
time. After subculturing for 3 more passages (with 1:2 split ratio every 7 days), the
post 9-week EtOH-GM16 cells became single separated cells with a more elongated
morphology indicating loss of typical epithelial morphology resembling an EMT (Fig.
2.3¢). Morphologically, the elongated epithelial cells grew with the less density and
with moderately tight adhesion to plastic surfaces (i.e., being easier to detach upon
trypsinization compared with parental GM16 cells) even when they reached
confluency, suggesting alterations in cell-cell and cell-substratum adhesion proteins.
As carcinogens (168), oncogenic Ras (169) or HPV of high risk type (167), can render
keratinocytes resistant against Ca®’-induced terminal differentiation. These cells
selected on the basis of their resistance against Ca**-induced terminal differentiation
may be preneoplastic (170). In a control experiment, i.e., culturing GM16 cells
without ethanol for 9 weeks in KGM, and then exposure of these cells to DMEM/FCS
from 4 to 10 weeks (without trypsinization), however, the obtained cell populations
after subcultures appeared to be senescent with giant-sized and flattened cells, and
they were not proliferative. The results also showed that when these elongated EtOH-
GM16 cells were seeded in a fibronectin-coated flask, these cells changed morphology
towards needle-like spindle shape (data not shown). When EtOH-GM16 cells
(passages 4-5) in DMEM/FCS (with 1.8 mM Ca’") were slowly adapted back to KGM
medium (with 0.15 mM Ca®"), all of these cells reverted their morphology back to
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epithelium-like morphology (similar to parental GM16 cells), and formed confluent
monolayers within two weeks of medium adaptation.

3.3 Generation of EPI, FIB and FLOAT cells

EtOH-GM16 cells in DMEM/FCS (at early passages 1-10) exhibited
elongated morphology with a persistant population doubling time of 7 days as shown
in Fig. 2.3c. The results showed that these EtOH-GM16 monolayers produced free-
floating cells with 5% live cells. At passages 12-15, the cell populations gave rise to
morphologically heterogenous colonies ranging from typical round-oval epithelial
cells to elongated, and spindle-shape cells with an increased amount of cells in free-
floating state (Fig. 2.4a). These mixed populations were further maintained in
DMEM/FCS for 5-6 months. By selection based on differential trypsinization, two
homogenous cell populations were obtained. One cell population, termed EPI cells,
showed small round-oval adherent epithelium-like cells with high nuclear/cytoplasmic
ratio that grew into a colony-like monolayer (Fig. 2.4b). EPI cells exhibited contact
inhibition when they reached confluency. The other cell population termed FIB cells
showed spindle-shape fibroblast-like appearance (Fig 2.4c), and these cells constantly
produce floating cell as arranged in ball-like aggregates. When FLOAT cells were
seeded into a fresh flask, the readhered cells still retained spindle-shape fibroblast-like
morphology. This indicates that FLOAT cells are the same phenotype as FIB cells. It
is noted that GM16 cells also produced small islands of 5-10 free floating cells, and
these cells, when re-adhered and cultured in KGM, exhibited a morphology similar to
GM16 cells. EPI cells produced a very small number of living free floating cells that
could also be re-adhered for subcultures in DMEM/FCS. These re-adhered cells
exhibited epithelium-like morphology similar to EPI cells.

When FIB cells in DMEM/FCS (1.8 mM Ca*") were slowly adapted back to
low-calcium KGM (0.15 mM Ca*") or RPMI/ECS (0.72 mM Ca®"), these cells slowly
changed their morphology into elongated shape, and mixed populations of elongated
shape and epithelium-like cells were subsequently obtained after 6 weeks in KGM or
RPMI (data not shown). Elongated EtOH-GM16 cells at passages 4-5 (Fig. 2.3¢c)

required only two weeks to revert back to 100% epithelium-like morphology.
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Figure 2.2 Phase-contrast micrographs of human gingival keratinocytes (GM16)
in KGM. a) Parental GM16 cells, b) GM16 cells after 1-week exposure to 30 mM
ethanol, and ¢) GM16 cells after 9-week exposure to 30 mM ethanol. Arrows indicate

terminal differentiated cells.
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DMEMY/FCS following ethanol treatment in KGM for 9 weeks. a) overlapping and

stratified cells (thick arrow) in DMEM/FCS, b) single cells (thin arrow) in empty
space separated from differentiated cells (thick arrow) in DMEM/FCS, and c)
elongated epithelial cells after subculturing in DMEM/FCS three more passages.
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Figure 2.4 Phase-contrast micrographs of differentiation-resistant cell
populations derived from EtOH-GM16 cells (post 9-week ethanol treatment)
upon subculturing in DMEM/FCS a) EtOH-GM 16 cells at passage 12, b) EPI cells
at passage 20, c) FIB cells at passage 20 with concomitant generation of FLOAT

(arrow) as ball-like aggregates.
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3.4 Increased vimentin expression in elongated EtOH-GM16 compared
with GM16 cells

Since, morphological changes of elongated EtOH-GM16 cells (at passages 1-
10) resemble an EMT. A mesenchymal marker vimentin which was acquired after
EMT induction were then analysed in these cells. Vimentin staining was faint or
absent in primary gingival cells (171), but the immortalized GM16 cells in KGM were
focally positive in GM16 cells (about 5% of all cells) (Fig. 2.5a). EtOH-GM16 cells in
DMEM/FCS contained extensive fibrillar networks of vimentin (Fig. 2.5b), in which
the staining intensity and distribution was similar to the vimentin pattern of
fibroblasts. This indicates that vimentin was already expressed at this early stage of the
generation of differentiation-resistant cells

When EtOH-GM16 cells (passages 4-5) in DMEM/FCS (with 1.8 mM Ca®")
were slowly adapted back to KGM medium (with 0.15 mM Ca®"), all of these cells
reverted their morphology back to epithelium-like morphology (similar to parental
GM16 cells), and formed confluent monolayers within two weeks of medium
adaptation. This reversion was concomitant with decreased vimentin levels, however,
vimentin levels were still more than those observed in parental GM16 cells (data not
shown) (Vimentin data were obtained from Dr. Tomakidi, Department of
Orthodontics, Dental School, University of Heidelberg, Heidelberg, Germany).

3.5 Decreased pan-keratin and desmosomal protein expression of FIB
and FLOAT cells compared with EPI cells

Assuming that oncogene E6/E7 of HPV and ethanol treatment may initiate a
cascade of events that may represent a coordinated program leading to loss of the
normal differentiated epithelial phenotype that may be associated with reorganization
of the cytoskeletal system, a pan-keratin antibody which detects most keratins was
used. The antibody stained all of our cell populations but with different intensity (Fig.
2.6). Keratin filaments were abundant throughout the cytoplasm of EPI cells (Fig.
2.6a). Pan-keratin staining was positive in each FIB cells (Fig. 2.6b), but weaker in
intensity compared with EPI cells as shown Fig. 2.6¢c (mixture of EPI and FIB cell
populations). Non-adherant FLOAT cells were also stained (Fig. 2.6d). The keratin-
positive staining of spindle-shape FIB and FLOAT cells indicates that these cells were
undoubtedly of epithelial origin.
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Desmoplakins 1 and 2 were strongly expressed at the cell-cell junction zone
as well as throughout the cytoplasm in EPI cells (Fig. 2.7a). Only weak and diffuse
staining was observed in the cytoplasm of FIB cells (Fig. 2.7b and 2.7¢), and in non-
adherent FLOAT cells (Fig. 2.7d), while both desmoplakins were lacking at the cell
periphery. As a negative control, primary human fibroblasts did not show any staining
with the anti-desmoplakin antibody (data not shown).

3.6 Differential expression of keratins K14 and K18 in EPI, FIB and
FLOAT cells

EPI cells stained intensely for K14 in the cytoplasm and the perinuclear
region (Fig. 2.8a). On the contrary, FIB and FLOAT cells were completely negative
for K14 as shown for FIB cultures (Fig. 2.8b), and mixed EPI and FIB populations
(Fig. 2.8c). As a negative control, primary human fibroblast were tested to be negative
for K14 (data not shown).

In contrast to K14 expression, FIB cells were positive for K18 (Fig. 2.9b),
while EPI cells did not express keratin K18 (Fig. 2.9a). Taken together, EPI cells with
epithelium-like morphology expressed K14, but not K18, while FIB cells with spindle-
shape fibroblast-like morphology expressed K18, but not K14.
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50 pm

Figure 2.5 Analysis of vimentin levels of parental GM16 and post 9-week ethanol
treated cell populations (EtOH-GM16). a) Some GM16 cells cultured in KGM were
weakly stained for vimentin (green). b) In each of EtOH-GM16 -cultured in

DMEM/FCS at passage 8 (green) were extensively stained for vimentin.
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Figure 2.6 Analysis of total keratin recognized by anti-human pan monoclonal
(Lu-5) antibody in EPI, FIB and FLOAT cell populations. a) EPI cells were
strongly positive for pan-keratin, b) FIB cells exhibited weak staining, ¢) comparison
of pan-keratin in EPI and FIB cells, with much weaker intensity in FIB cell population

and, d) FLOAT cells were positive for pan-keratin.
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Figure 2.7 Analysis of membrane junctional desmoplakins in EPI, FIB and
FLOAT cell populations. a) strong staining of EPI cells with spotted staining at the
plasma membrane at the cell-to-cell border, b) weak staining of FIB cells with only
diffused staining in the cytoplasm, ¢) a mixture of EPI and FIB cells, with weaker

intensity in FIB cell population, and d) faint signal for desmoplakins in FLOAT cells.
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Figure 2.8 Analysis of squamous epithelial K14 in EPI, FIB and FLOAT cell
populations. a) EPI cells strongly expressed K14, while b) FIB cells did not express
K14, and c) differential expression of K14 in mixed EPI and FIB cell populations,
with only EPI cells expressing K14.
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Figure 2.9 Analysis of simple epithelial K18 in EPI, FIB and FLOAT cell
populations. a) FIB cells expressed strong K18, while b) EPI cells did not express
K18, and c) differential expression of K18 in mixed EPI and FIB cell populations,
with only FIB cells expressing K18.
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4. Discussion

Herein, the present study shows the establishment of differentiation-resistant
populations of human GM16 keratinocytes post ethanol treatment which were EPI,
FIB and FLOAT cells. These cells were morphologically different. EPI cells showed
epithelium-like morphology and exhibited contact inhibition when they reached
confluency. FIB cells showed spindle-shape fibroblast-like morphology and produced
free-floating (FLOAT) cells. At the early passages for the generation of
differentiation-resistant cells, elongated EtOH-GM16 cells (passages 4-5) in high-
calcium DMEM/FCS required two weeks to revert their morphology into epithelium-
like cells when adapted in low-calcium KGM or RPMI/FCS. FIB cells (passages 20)
were slowly changed their morphology into epithelium-like cells after 6 weeks in low-
calcium medium. According to immunofluorescence data, EtOH-GM16 cells showed
increased vimentin expression in comparison to the parental GM16 cells. Moreover,
FIB and FLOAT cells expressed decreases of total keratins and desmoplakins and a
complete loss of K14 with concomitant gain of K18. In contrast, EPI cells were
abundant of keratins, desmoplakins and K14 but were completely negative for K18.

The effects of chronic ethanol treatment on HPV16-immortalized GM16 cells
may associate with disturbances of cell cycle mediated in part by DNA damage, thus
leading to decreased proliferation, induction of terminal differentiation and cell death
as previously observed in ethanol treatment of human epithelial cells (172). In
epithelial cells, ethanol is either metabolized to form the known carcinogen
acetaldehyde or ethanol radicals (e.g., by cytochrome P450 2El) in gingival
keratinocytes (173) as well as superoxide radicals which may cause subsequent
damaging effects. Acetaldehyde causes higher genotoxicity and inhibits DNA repair
more readily than other aldehydes (174). In addition, immortalization by HPV16
renders cells to sustain genotoxic damage and continue to proliferate with increased
risk for mutations that may lead to further progression towards transformed phenotype
(175). Thus, this experimental system, consisting of HPV16-immortalized GM16 cells
and subsequent chronic ethanol exposure, fits this multi-step model.

Morphologically, FIB and FLOAT cells appear to be the consequence of an
EMT (for EMT induction of HPV16 E6/E7-immortalized human keratinocytes post

ethanol treatment, see Figure 2.10). EMT often occurs when epithelial cells become
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tumorigenic (157). Ethanol treatment of epithelial cells can induce TGF-beta and EGF
(76, 77), which can induce EMT in epithelial cells (78, 79). Thus, it seems plausible
that ethanol elicits genotoxic effects by the action of acetaldehyde or ethanol radicals
resulting in enhanced resistance to differentiation (in addition to resistance induced by
HPYV), and ethanol may also induce cellular mediators that could trigger EMT of the
resistant populations. However, it is suggested that EPI cells are not much different
from the parental control cells and appear to lack some of the effects of ethanol.

It has been reported that free-floating cells are produced by normal epithelial
cells of mucosal origin, such as gastric mucosal (176), HPV-containing oral
keratinocytes (177) as well as from cancer cell lines of the human uterine cervix (178).
The ability of spindle FIB cells to constantly generate FLOAT cells is a feature which
they share with cancer cells of mucosal origin. In addition, these results also showed
the reversion of FIB cells to epithelium-like morphology in low-calcium medium.
Cancer cells aggregates in suspension can revert back to cells with epithelium-like
morphology, and these changes were associated with loss of tumorigenicity (179).
Thus, FIB cells capable of interconverting between spindle fibroblast-like and
epithelium-like morphology are functionally similar to some cancer cells.

Morphological changes to elongated morphology of EtOH-GM16 cells were
associated with increased vimentin expression. The increase of vimentin expression in
EtOH-GM16 cells is consistent with a previous report on vimentin expression in
immortalized epithelail cells and in virus-transformed lines (160), and is supported by
the finding of phenotypic interconversion in human breast cancer cells by
coexpression of vimentin and keratin intermediate filaments (159). Thus, vimentin can
be used as a marker of the early cell transformation.

Decreased levels of pan-keratins and desmoplakins and a complete loss of
K14 in FIB and FLOAT cells compared with EPI cells were consistant with the known
features of cells cultured from benign and malignant lesions (180). On the other hand,
FIB and FLOAT cells express K18, that is not found in EPI cells. Down-regulation of
keratin 14 a basal cell marker (characteristic of all stratified squamous epithelia that is
also expressed in all epithelial of the oral cavity except the junctional epithelium) has
been associated with v-Ha-ras- and HPV-dependent tumorigenic conversion (164) and

squamous lesions of the cervix (163). It is also known that of the simple epithelial
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keratin like K8 and K18 that are normally lacking in squamous epithelial (180), K18 is
strongly expressed in HPV16-transformed human epidermal keratinocytes (166) and
oral epithelial dysplasia as well as oral squamous cell carcinomas (165, 180). It was
suggested that in oral dysplasia and malignant tissues, the keratin expression program
is diverted from stratified squamous epithelial to simple epithelia (180), and that either
the rate of translation is increased or that the rate of degradation of simple epithelia
K18 is decreased in these tissues (165). A recent study has reported that normal
fibroblasts do not express K18, while their corresponding sarcomas do (181). Thus,
K18-positive FIB and FLOAT cells appear to resemble more the squamous
carcinomas or fibrosarcomas than the normal epithelial progenitor cells. K18 can be
used as marker an early step of carcinogenesis, i.e., cell transformation (166). Thus,
FIB and FLOAT cells are likely to be more transformed cells. EPI cells resemble
normal epithelial cells (181), since they expressed K14 but lacked K18. Taken
together, our data show that ethanol exposure of HPV16 E6/E7-immortalized
keratinocytes may associate with EMT and that FIB and FLOAT cells acquired
mesenchymal-like phenotype, i.e., spindle-shape fibroblast-like morphology,
expressed less keratins and membrane-associated specialized junctions, desmoplakins,
and displayed K18. In contrast to FIB cells, EPI cells (less affected by ethanol)
behaved like normal epithelial cells showing intensively keratin filaments and

desmoplakins, but not K18.
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Figure 2.10 Schematic model representing epithelial-mesenchymal transition

(EMT) of ethanol treatment of HPV-immortalized human gingival keratinocytes.



