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Chapter 1

Head and Neck Squamous Cell Carcinoma

Head and neck squamous cell carcinoma (HNSCC) arises (rom the mucous membrane
of the upper aerodigestive tract, including the oral cavity, larynx and pharynx. HNSCC
is the fifth and seventh most common malignancy worldwide in males and females,
respectively. In 1996, an estimated 575,000 new cases were diagnosed worldwide for
cancer of the mouth or pharynx, and an estimated 190,000 for cancer ofthe larynx (WHO
1997). The total number of new incidence patients with cancer in mouth or pharynx in
the Netherlands amounts to 1200 a year and the number of new patients with laryngeal
cancerto 750 per year. Incidence and mortality rates are rising in most parts of the world,
especially in the developing world, where nearly 80% of cases occur, At present, 5-year
survival rates are approximately between 50% and 65% (WHO 1997).

Current treatment modalities of surgery, radiotherapy, and chemotherapy are limited
in their success and improvement in long-term cure rates with these modalities has
reached a plateau (Vokes et al. 1993, WHO 1997). The major recent successes in the
treatment of head and neck cancer are advances in radiotherapeutic and surgical
reconstructive techniques, resulting in improved quality of life. However, the overall
survival rates have only marginally increased (Muir and Weiland 1995).

Multiple Primary Tumors

One of the major causes of treatment failure in early stage HNSCC is the occurrence of
second primary tumors (SPTs). Patients with early-stage head and neck cancers are often
cured from their original tumor, but have a 2% to 4% per year risk of developing a SPT
cancer in the same organ or organ system: the respiratory and upper digestive tract,
including the esophagus. SPTs usually carry a bad prognosis because they often oceur
either at notoriously bad sites, like the lung or the esophagus, or within previously treated
areas within the head and neck (Snow 1992, Lippman er al. 1994).

The development of head and neck epithelial cancer is biologically characterized
by two basic concepts: “multistep carcinogenesis” (Farber 1984) and “field can-
cerization” (Slaughter er al. 1953). The process of carcinogenesis occurs over years and
involves multiple genetic and epigenetic alterations that lead to invasive cancer (Califano
et al. 19906). The concept of field cancerization addresses the multifocal epithelial injury
caused by exposure to carcinogens such as tobacco and alcohol that could explain the
development of multiple primary tumors (Slaughter et al. 1953),

Strong evidence for multistep carcinogenesis came from molecular studics in
tissues with a variable degree of malignancy measuring loss of heterozygosity (LOH)
(Califano ef al. 1996). In premalignant tissue LOH at chromosome loci 9p and 3p can
oceur and the presence of these alterations correlated with further development into
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HNSCC (Mao et al. 1996). The frequency of LOH, not only at 3p and 9p, but also at 8p,
17p and 18q, increases at each histopathological step from dysplasia to carcinoma in situ
to invasive cancer (Califano ef al. 1996).

Evidence for Slaughter’s hypothesis of field carcinogenesis as an explanation for
SPT development was supported by studies of the p53 tumor suppressor gene. Chung er
al. (1993) provided evidence that the development of first and second primary tumors
can be genetically independent events, since p53 mutations found in the first tumors were
different from those found in corresponding SPTs. Other studies have also found
discordant p53 mutations between primary tumors and SPTs (Nees ef al. 1993, el Naggar
et al. 1995, Homann ez al. 2001). Some studies, however, do not support the hypothesis
of independent fields as the source for SPT and suggest that at lcast a proportion of
primary tumors and associated SPTs may arise from a single clone (Bedi ef al. 1996).
This evidence was found in patients with multiple primary head and neck tumors
exhibiting similar patterns of allelic loss on chromosome 9p and 3p. Local expansion or
micrometastatic spread of (pre-)malignant cells may be responsible for the development
of SPTs. It was hypothesized that metastatic foci arise from cells migrated from the
original primary site or floated away with the saliva, re-implanting at a secondary site
(Carey 1996). Molecular analysis of normal tissue surrounding a primary HNSCC
indicated that lateral displacement of normal mucosa by premalignant cells certainly is
the most realistic explanation for developing clonally related SPTs (Tabor er al. 2001).

Epidemiology of head and neck cancer

Tobaceo, alcohol and poor diet are well recognized as major risk factors of head and
neck cancer. Notwithstanding, many heavy smokers and alcohol drinkers never develop
these malignancies. Recent studies suggest that the development of HNSCC is also
dependent on the genetical “make-up” of an individual. Genetic polymorphisms of
carcinogen-activating enzymes or carcinogen-inactivating enzymes, are associated with
an increased risk for tobacco-related cancers (Bartsch er al. 2000).. Recent reports
indicate that the risk of HNSCC in those exposed to mutagens may depend not only on
the level of exposure but also on inherent cancer susceptibility that is most likely related
to the individual’s ability to repair DNA damage induced by mutagens (Spitz et al. 1994,
Cloos et al. 1996, Schantz e al.1997). Using the model compound bleomyein, Cloos et
al. (1999) were able to show that this sensitivity to mutagens has a hereditary basis.

Chemoprevention
From epidemiologic studies that showed an association between low intake of certain
nutrients or fibers and an increased risk of oral cancer (reviewed by Garewal, 1995), a
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new approach in the efforts to control HNSCC was developed: chemoprevention. This
is defined as the effort to arrest or reverse premalignant cells during their progression to
invasive malignancy, using physiological mechanisms that are not cytotoxic (Sporn
1976). Chemoprevention is based on the premise that intervention is possible during the
multiple steps of carcinogenesis through the use of agents that are able to block
mutagenic carcinogens, thereby preventing DNA damage by free radicals, suppressing
epithelial cell hyperproliferation, and/or modulating epithelial cell differentiation and
apoptosis (Hong and Lippman 1995, Lotan 1996). Additional rationales for
chemoprevention come from animal studies and basic studies of carcinogenesis (Willet
and MacMahon 1984, Moon et al. 1994, DiGiovanni 1991).

In the last few years, many chemopreventive agents have been or are being studied
in preclinical studies and phase I, I and III clinical trials in specific disease sites
(CancerNet 2001 : http://cancernet.nci.nih.gov/). A chemoprevention trial is characterized
by a long duration, as the end-point of a trial is the development of cancer and/or
survival. Another consequence is that drug administration has a chronic character, being
often a daily intake for more than one year. An important issue is the level of toxicity that
can be tolerated. It has to be realized that many individuals will be treated who will not
develop a tumor at all. In general, it can be stated that a higher level of toxicity is
acceptable when the risk for cancer increases.

Two major types of chemoprevention trials can be performed. The primary
prevention trial addresses a general population or a population with a higher risk, such
as long term smokers. The secondary chemoprevention trials applies to patients with
precancerous lesions or patients at very high risk for a SPT. The cancer risk is much
higher in secondary prevention trials and therefore a higher level of toxic side effects is
acceptable in the study population.

Itis clear that chemoprevention trials require long-term follow-up and large study
populations. One of the most important goals of prevention research is to identify
morphological, genetic and biochemical markers that can accurately detect early changes
associated with a phase of carcinogenesis that precedes the final end point, cancer. This
task of characterization and validation of the markers should be an integral part in all
chemoprevention research. Markers should be used to identify the individuals who have
the highest cancer risk and to monitor and predict the outcome of intervention. With
validated markers trials will be performed in a shorter time, at reduced costs and less
patients will be over-treated.

Arecentreview described the outcome of'a large number of chemoprevention trials,
showing that most trials have shown a lack of effect (Lippman ef al, 1998). A few
positive, but also negative outcomes have been reported.
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With respect to HNSCC, chemoprevention has the potential to stop the progression
of premalignant lesions (e.g. oral leukoplakia) and to reduce the incidence and mortality
of SPTs. Because SPTs develop at the relatively low annual rate of three percent,
HNSCC chemoprevention trials also need large number of subjects and a long-term
follow-up, when cancer incidence is the study end-point (Shin e al. 1994).

Retinoids

Presently, the most studied chemopreventive agents are the retinoids, which are the
natural and synthetic derivatives of vitamin A. An overview of the chemical structures
of P-carotene, vitamin A and some of the synthetic retinoids that have been tested in
chemoprevention trials are shown in Figurel.
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Figure 1. Structures of beta-carotene, vitamin A and a number of synthetic retinoids that have
been tested in chemoprevention trials. Trivial names are given in parentheses.
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Retinoids are required for several essential life processes, including vision, reproduction,
metabolism, growth, differentiation, hematopoiesis, immunological processes, bone
development, and pattern formation during embryogenesis (Sporn and Roberts 1984).
Epidemiologic studies have addressed the relationships between retinoids and cancer. It
was found that serum levels of B-carotene (provitamin A) and vitamin A (retinol) were
significantly higher in control subjects than in oral cancer patients (Kune et al. 1993,
Marshall er al. 1992, de Vries er al. 1990). Furthermore, studies of diet with
questionnaires have reported that a lower intake of vitamin A is related to a higher risk
for cancer. There is considerable evidence that retinoids have potent antiproliferative
effects, and may be effective in the treatment of a variety of human diseases including
cancer (Ong and Chytil 1983, Sporn and Roberts 1984). Retinoids can also suppress the
proliferation of cells by inducing differentiation, as was reported for human HL-60
promyelocytic leukemia cells and for murine F9 embryo carcinoma cells (Warell 1993,
Strickland and Mahdavi, 1987). Retinoids can act as immunostimulants (Prabhala et al.
1991, Lippman ez al. 1987) and counteract oncogenic effects of HPV-16 in skin
keratinocytes (Eckert et al. 1995).

Treatment with retinoids caused regression of dysplastic nevi or complete or partial
remissions in 10% of the patients with basal cell carcinoma of the skin (Hill and Grubbs
1992). Squamous cell carcinoma of the skin (Lippman et al. 1992a) and the cervix
(Lippman ez al. 1992b) can be effectively treated with the combination of 13-cis-RA and
o-interferon, resulting in remissions in 68% and 50% of patients, respectively. In an
adjuvant setting, retinyl palmitate given at a high dose daily for a 12-month period could
diminish the development of recurrent lung cancer (Pastorino et al. 1993). Interestingly,
acute promyelocytic leukemia can be effectively treated with a low-dose ofall-trans-R A
(Hill and Grubbs 1992). In this tumor type the response to retinoids is associated with a
translocation involving chromosomes 15 and 17 (Kakizuka er al. 1991). This
translocation fuses the RAR-o locus on chromosome 17 to the PML gene on
chromosome 15, which results in formation of a PML-RAR-q fusion protein which
contains DNA and RA binding sites (Goddard e /. 1991, de Thé et al. 1991, Kakizuka
et al. 1991). 1t is as yet unexplained what the contribution of this protein is in the
development of leukemia, and whether it has a role in the treatment response. Retinol,
retinyl palmitate, all-rrans-RA, 13-cis-RA, etretinate, and fenretinide (4HPR) were all
tested in clinical studies focusing on the head and neck region, either for reversal of oral
preinvasive lesions or for the prevention of SPTs (Issing and Wustrow 1996, Lippman
et al. 1994). Although the complexity of the biological responses of vitamin A suggests
that several metabolites may exist, by the mid-1980s an abundance of evidence had led
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researchers to believe that most actions were due to one specific metabolite, retinoic acid
(RA), and more specifically all-trans-RA.
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Figure 2. Structures of natural occurring retinoids with their proposed pathways of retinoid
metabolism and enzymes involved.

Uptake, Transport and Metabolism of Retinol and Retinoic Acid .

All retinoids in the body originate from retinyl-esters, carotenoids and retinol in the diet.
The dietary carotenoids and preformed retinoids undergo a series of metabolic
conversions, extracellularly in the lumen of the intestine and intracellularly in the
intestinal mucosa. The absorbed retinol, along with other dietary lipids in the intestinal
mucosa, is packaged as retinyl ester in nascent chylomicrons. The chylomicrons are
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secreted into the lymphatic system, and the bulk of the chylomicron retinoids are
eventually taken up by the liver, where the majority of the body’s retinoids are stored
(Blomhoffezal. 1990). In liver parenchymal cells retinyl esters are hydrolyzed to retinol
and enter the circulation through the portal system, bound to retinol binding protein
(RBP) (Hendriks et al. 1987). A very small portion of dietary retinoid is converted to RA
in the intestine and is absorbed via the portal system as RA bound to serum albumin (Nau
and Blaner 1999, Blaner and Olson 1994). The plasma level of RA is very low and is in
the range of 4-14 nmol/l in humans, which is about 0.2-0.7% of plasma retinol levels (De
Leenheer ef al. 1982, Eckhoff and Nau 1990). A large percentage of the retinol and RA
of dietary origin appears to be removed from the circulation by tissues (Smith ef al.
1973). In tissues, such as the epithelial mucosa of the upper aerodigestive tract, retinol
is oxidized via retinal to retinoic acid (Edenberg and Brown 1992). Alcohol
dehydrogenases (ADH) have been proposed to catalyze the reversible oxidation from
retinol to retinal, whereas short chain dehydrogenase/reductase enzymes (SDR) are
proposed to be responsible for the reduction of retinal to retinol (Duester 1996). The
oxidation of retinal to RA is catalyzed by aldehyde dehydrogenases (ALDHs) and by
members of the cytochrome P450 family (CYPLAL and CYP1A2) (Figure 2).

Further Metabolism of Retinoic Acid _

Metabolites of all-trans-RA generated in vivo include 13-cis-RA (Eckhoff et al. 1991,
Tang and Russell 1990), 9-cis-RA (Heyman et al. 1992. Levin ef al. 1992), retinoyl -
glucuronide (Dunagin et al. 1966, Eckhoffet al. 1991, Barua et al. 1991), 5,6-epoxy-RA
(Mc Cormick ez al. 1978), 4-hydroxy-RA (Skare ef al. 1982), 4-oxo-RA (Eckhoff et al.
1991, Tang and Russell 1991), and 3,4-didehydro-RA (Thaller and Eichele 1990) (see
also Figure 2). Some of these metabolites are active in mediating RA function, whereas
others are probably solely catalytic products. The intracellular concentration of all-trans-
RA is determined by the cellular uptake of retinoids, the synthesis and degradation of this
molecule, and its availability. The availability is also dependent on the concentration of
anumber of proteins in particular that of cellular retinoic acid binding protein (CRABP).
Metabolic pathways of RA include isomerization, decarboxylation and glucuronidation
processes (Rockley e al. 1980, Roberts ef al. 1980, Leo ei al. 1984, Sass et al. 1994).
Another important route of RA metabolism consists of hydroxylation at position 4 of the
cyclohexenyl ring to form 4-hydroxy-RA, which is readily oxidized to 4-oxo-RA. In
vitro, 4-hydroxylation of RA is mediated by a cytochrome P450 (CYP)-dependent
monooxogenase system that requires NAPDH and oxygen (Roberts ef al. 1980, Leo et
al. 1984). Hepatic 4-hydroxylation of RA has been shown to be catalyzed in vitro by
different CYP subfamilies, depending on the species studied. The main isozymes
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involved in humans are CYP26A 1 and CYP2CS8 (Leo et a/l. 1989, Ray et al. 1997, White
et al. 1997). CYP26A1 is a recently discovered enzyme (Ray ef al. 1997, White ef al.
1997), which is RA-inducible and possesses strong RA 4-hydroxylating activity (Marikar
et al. 1998).

Retinvic acid receptors

In contrast to retinel and f-carotene, the various forms of retinoic acid are thought to be
active through direct interaction with specific nuclear receptors. The effects of retinoids
are mediated by retinoic acid receptors (RARS) and retinoid X receptors (RXRs), which
act as higand-activated transcription factors (Mangelsdorf ef al. 1994, Heyman ef al.
1992) regulating retinoid signal transduction (Figure 3). Each receptor class includes
three subtypes (e, B, and ¥), and of each subtype several isotypes exist arising [rom
alternative promotors or splicing (Leid efal. 1992). The RARs have almost equal affinity
for all-trans-RA and 9-cis-RA, whereas the RXRs preferentially bind 9-cés-RA. In vitro
studies have shown that RXRs can act as homodimers or as heterodimeric partners of
RARs or several other nuclear receptors including thyroid hormone receptors, vitamin
D3 receptors, peroxisomal proliferator-activated receptors and several orphan receptors.
Moreover, transactivation of genes by the retinoid receptors is also dependent on the
action of coactivators and corepressors (reviewed by Xu ef af. 1999).

Retinoids not only regulate transcription via the activation of specific retinoid
receptors (fransactivation activity), but also appear to suppress the activity of other
transcription factors, such as AP-1, that are critical mediators of cellular proliferative
activity (transrepression activity) (Fanjul ef al. 1994, Chen et al. 1995, Nagpal et al.
1995). Although some researchers do not agree on mechanisms involved in
transrepressive activity, recent studies suggest that AP-1 and other transcription factors
compete with retinoid receptors for common “coupling factors™ (proteins that control
the activity of the RNA polymerase complex that transcribes genes) (Fanjul et al. 1994,
Nagpal et al. 1995, Chen er al. 1995). When retinoids bind to their receptors, they can
sequester these coupling factors so that they are inaccessible to other transcription factors
(Kamei er al. 1996). Therefore, retinoids can turn down the activity of whole signaling
pathways involved in either proliferative or inflammatory responses, including the
pathway of AP-1, which mediates both proliferation and inflammation.

Hence, the action of retinoids is a fine-tuned mechanism dependent on the level of
expression of specific receptor isotypes as well as on the type and concentration of
retinoid compounds present in the cell.
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Figure 3. Schematic presentation of the retinoid signal transduction pathway. All-trans-retinoic
acid (ATRA) enters the cell by passive diffusion or is infracellularly generated by conversion from retinol
(ROL), via retinal (RAL). Retinol is transported extracellularly by RBP (retinol binding pratein) and
intracellularly by CRBP (cellular retinal binding protein); ATRA is transported intracellularly by CRABP
{cellular retincic acid binding protein). ATRA can be isomerized to 9-cis-RA or 13-cis-RA or catabolized
o polar metabolites. ATRA, its isomers and some of the polar metabelites can bind with different binding
affinities to the nuclear receptors, RAR (retincic acid receptor) and RXR (retinoid X receptor). RARs
preferentially bind with ATRA, RXRs with 8-cis-RA. The retinoid receplors can form homo-(RXR-RXR)
or heterodimers (RXR-RAR) and bind on specific response elements (RE) in the promotor region of
target genes, hence activating gene expression. Depending on the concentration of retinoids and
receptors different signal transduction pathways can be activaied.

Vitamin A and retinoids in HNSCC prevention

Vitamin A

To access the chemopreventive effects of vitamin A (retinyl palmitate) and N-
acetyleysteine, a large randomized intervention study, the EUROSCAN ftrial, was
undertaken (Van Zandwijk ef af. 2000). In preclinical studies the cancer preventive
activity of these compounds was proven, but this was never tested in a clinical trial. In
the EUROSCAN trial 2592 patients were randomly assigned to receive retinyl palmitate
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(300,000 IU daily for 1 year followed by 150,000 IU for a 2" year), N-acetylcysteine
(600 mg daily for 2 years), both compounds, or no intervention. A 2-year supple-
mentation of retinyl palmitate and/or N-acetylcysteine resulted in no benefit - in terms
of survival, event-free survival, or second primary tumors - for patients with head and
neck cancer or with lung cancer, most of whom were previous or current smokers (Van
Zandwijk et al. 2000).

Retinoids

Retinoids could successfully be used in the treatment of oral leukoplakia, a premalignant
mucosal lesion (Hong et al. 1986, Lippman et af. 1988). Oral leukoplakia is a
premalignant lesion that frequently develops into invasive HNSCC (Silverman ef al.
1984, Schepman ef al. 1998). Surgery has been considered the standard therapy for this
condition, but is often not possible. The effects of retinoids on epithehal differentiation
and proliferation led to investigate the efficacy of retinoids in reversing oral leukoplakia
(Shklar ef al. 1980). The most effective and least toxic form of retinoid therapy has not
yel been established; among the studies in this area, the trial reported by Hong et al.
(1986) showed promising results. The investigators tested the activity of 13-¢is-RA in
a randomized, placebo-controlled, double-blind trial involving 44 leukoplakia patients,
67% of the patients had an objective clinical response to the therapy, and 34% had a
histological response. In contrast, the patients receiving placebo had only a 10%
objective response rate. However, substantial toxicity and a high rate of relapse after
discontinuation of the treatment presented major clinical limitations to this high-dose
trial. Treatment with 13-cis-RA was associated with a distinet toxicity profile typical of
hypervitaminosis A that includes mucocutancous reactions (dry eyes, cheilitits, dry and
itching skin), liver toxicity and myalgia.

In a subsequent study, Lippman ef al. (1993) investigated a low dose of 1 3-cis-RA
to address the toxicity and relapse problems of the first randomized trial. 90% of the
patients showed regression of the lesion or stable disease and this low dose [3-¢is-RA
was well tolerated, with no patients dropping out because of toxicity. Other retinoids,
including all-#rans-RA and retinol also showed activity in leukoplakia (Issing efal. 1994,
Stich et al. 1988).

Every year, patients have a 2% to 4% risk of developing SPTs following definitive
treatment of early HNSCC. To alleviate this risk, Hong er al. (1990) conducted a
12-month randomized, double-blind, placebo-controlled trial of high-dose 13-cis-RA (50
to 100 mg/m*/d) as adjuvant therapy following curative surgery and/or radiation therapy
of primary HNSCC. Of the 103 patients studied, significantly fewer 13-cis-RA-treated
patients (4%) than placebo patients (24%) developed SPTs after 32 months of follow-up
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(P =0.005). Of the 14 SPTs that developed, 13 (93%) occurred in the tobacco-smoke
exposed field of the upper aerodigestive tract, lungs, and esophagus. This study showed
substantial toxicity in the high-dose 13-cis-RA arm: one third of retinoid patients needed
dose reductions or discontinued therapy. The toxicity symptoms were similar as observed
in the leukoplakia trial as mentioned above. Upon re-analysis after a median follow-up
of 4.5 years (Hong et al. 1994), 13-cis-RA patients continued to have significantly fewer
total SPTs: seven (14%) vs 16 (31%) in the placebo arm (P = 0.042). With respect to
only SPTs in tobacco-exposed sites, only 7% of 13-cis-RA patients vs 33% of placebo
patients developed these SPTs (P = 0.008). These long-term data suggest 13-cis-RA
exerted a protective effect lasting several years after the completion of therapy.

The most important limitations to the effect of chemopreventive therapy are the
presence of intrinsic or acquired resistance to retinoids and the occurrence of unwanted
toxic side effects (Hong ef al. 1994). In addition, the most active retinoid 13-cis-RA was
marginally active in the more advanced forms of premalignant disease (Shin et al. 2000).
At last, lesions may recur after the drug is stopped, implying that the user will require
lifetime treatment for protection (Hong et al. 1995).

Despite many attempts, retinoids show limited activity in the treatment of various
types of solid tumors in the more advanced stages. Treatment of 13-¢is-RA in
combination with IFN-a has shown positive therapeutic effects in patients with skin or
cervical cancer (Lippman ef al. 1992a, Lippman et al. 1992b). The combination of 13-
cis-RA with IFN-¢ did however not work in advanced HNSCC (Cascinu e al. 1996).

Other retinoic acid derivatives are being developed and tested, hoping that these
derivatives may lack the negative effects of 13-cis-RA and be able to provide similar or
higher efficacy (Armstrong and Meyskens 2000). An understanding of the basic
components of the cellular pharmacology of retinoids is essential if they are to be used
efficiently and safely.

Role of retinoids, RARs and CYPs in Cancer

RAR-Bp mRNA was found to be reduced, compared with that in normal squamous
epithelium, in 65% of HNSCC tumors, 30% in adjacent tissue and in 60% of oral
dysplasias (Xu e al. 1994, Lotan er al. 1995). These results indicate that the decreased
expression of RAR-( is related to the development of HINSCC, and suggests a role for
RAR-f as a tumor suppressor (Lotan 1996). In premalignant oral lesions a clinical
response was observed after up-regulation of RAR-f by 13-cis-RA (Lotan et al. 1995).
Thereis some evidence that the mRNA expression of RAR-f3 is related to RA-sensitivity.
Esophageal and lung cancer cell lines with reduced and inducible RAR-f mRNA
expression, as compared to normal epithelial cells, were insensitive for the growth
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inhibitory effects of retinoids (Xu ef al. 1999, Sun ez al. 2000). Furthermore, introduction
of RAR-B increased growth inhibition by RA in cervical carcinoma (Frangioni ef al.
1994) and breast carcinoma cells (Liu ef al. 1996, Li et al. 1995, Seewaldt et al. 1995).
In INSCC the role of RAR receptors appears however to be different: it may not be
RAR-B, but RAR-y that is related with RA-sensitivity. RAR-y is the major RAR type as
judged from the low mRNA expression level in HNSCC cell lines compared to normal
squamous cells (Hu ez a/. 1991). The relation between RAR-y mRNA expression and
RA-sensitivity in HNSCC was shown by experiments making use of mRNA over-
expression and gene deletion (Oridate e al. 1996) and by measuring the effect of RAR-y
selective retinoids on growth inhibition (Le et al. 2000).

Reduction of RAR-B or RAR-y mRNA expression could be a suitable explanation
for the acquired resistance that is observed in patients during clinical trials with retinoids.
From investigations in acute promyelocytic leukemia (APL) another explanation for
acquired clinical resistance to retinoids was proposed, that is the increased induction of
oxidative catabolism by CYPs (Muindi e al. 1994, Kizaki ef al. 1997). In the plasma of
the patients with remission increased levels of oxidized retinoid metabolites like 4-
hydroxy-RA could be detected, which is an indication of CYP activity. For APL the
increased activity of RA metabolizing enzymes is a plausible explanation for the
occurrence of retinoid resistance.

Scope of this thesis

The pleiotropic effects of retinoids can be controlled by mechanisms at different levels.
A large diversity of retinoid metabolites exist, which are converted from one to another
by various enzymes and the resulting metabolites bind with different affinitics to multiple
RARs and RXRs, thereby activating specific retinoid signaling pathways. The work
presented in this thesis aims to get more insight in the mechanisms that are involved in
the retininoid induced growth inhibition of nonmalignant and (pre)malignant
keratinocytes. It is investigated whether the differences as observed in response and
toxicity in clinical trials with retinoids might be explained by differences between
individuals in retinoid sensitivity and turnover. A comparison was made between normal
and malignant oral squamous cells concerning retinoid metabolism (turnover rates and
type of metabolites formed) and retinoid induced growth inhibition. The purpose of these
studies is to obtain more knowledge about the determinants regulating retinoid
metabolism between individuals. In addition, we were interested in the alteration in
retinoid metabolism during the process of carcinogenesis. An important part of this study
was the analysis of retinoid receptors in relation to RA-induced growth inhibition and
turnover rate of RA. Since reduced receptor expression was often reported in HNSCC
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cells, it may possibly also explain the lack of response in patients receiving retinoid
treatment. These results may lead to a safer and more effective treatment with retinoids

In Chapter 2, an investigation on the stability and availability of RA and its isomers
13-cis-RA and 9-cis-RA during experimental procedures is described. Chapter 3 deals
with the measurement of serum retinoid levels in HNSCC patients after one month
treatment with retinyl palmitate compared with control persons. In Chapter 4, a study of
RA-induced growth inhibition and RA turnover in three HNSCC cell lines is outlined.
Chapter 5 reports on an investigation of growth inhibition and RA turnover and
formation of metabolites in a larger panel of HNSCC cell lines (2= 11) and normal oral
keratinocytes and the involvement of CYP26AL1 in the metabolic route. An important
goal was to elucidate whether RA turnover in these cell lines is a primary or secondary
event in relation to its growth inhibiting effect. The discovery of the RA-specific
cytochrome P450 enzyme, CYP26A1, provided the possibility to investigate its
significancy for RA metabolism in normal and malignant head and neck cells. Chapter
6 outlines the investigation of mRNA expression of retinoic acid receptors (RAR-o, -
and -y and RXR-f3) and the relation with RA-sensitivity in five HNSCC cell lines. In
Chapter 7 a study is described in which growth inhibition and turnover rate of four
retinoid compounds (retinol, RA, 13-¢is-RA and 9-¢is-RA) are analyzed in four HNSCC
cell lines and normal oral keratinocytes. Finally, Chapter 8 describes the difference in
turnover rate of RA between normal oral keratinocytes of cancer patients and non-cancer
patients.
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Chapter 2

Abstract

Retinoids, natural and synthetic substances structurally related to vitamin A, are
mmportant modulators of cell proliferation and differentiation, and have proven activity
in cancer therapy. Experiments to reveal the mechanism of action of retinoids are
routinely performed in in vitro models. As retinoids are relatively hydrophobic and
unstable, we hypothesized that the composition of culture media is of critical importance
for the stability and bioavailability of these compounds. Various culture media were
incubated with all-frans-, 13-cis- and 9-cis-retinoic acid (RA). Without fetal calf serum
(FCS) or bovine serum albumin (BSA) in the medium, the concentration of these
retinoids was found to decrease to considerably low levels. This excessive loss of
retinoids was due to absorption to culture plates, reaction tubes and pipet tips. Binding
of retinoids to BSA was demonstrated to have attenuating effects on uptake and
metabolism of all-trans-RA, as studied in oral keratinocytes and head and neck cancer
cells, indicating that a balance exists between the bioavailability and the aspecific loss
of retinoids. In this study we demonstrate that the type of culture medium and especially
the presence of protein in the medium is of paramount importance to perform
reproducible experiments with retinoids.

Introduction

Retinoids are natural and synthetic substances structurally related to vitamin A. They
exert antiproliferative and differentiation-inducing effects on cancer cells and are used
in the prevention and therapy of certain types of human cancer and precancerous lesions
(Gudas ez al. 1994, Lotan 1996). All-trans-retinoic acid is a natural vitamin A metabolite
formed from beta-carotene by enterocytes and from retinol and retinaldehyde in target
cells. Intracellular all-trans-RA can be isomerized to 13-cis-RA and 9-cis-RA,
metabolized to products like 4-oxo0-R A and 4-hydroxy-RA, which are finally catabolized
to glucuronidized products. Interestingly, some of these metabolites are believed to play
a role in cellular processes. Retinoids are thought to be active by binding to specific
nuclear receptors that act as ligand-dependent transcription factors (Mangelsdorf and
Evans 1995). The retinoid acid receptors (RARs) have almost cqual affinity for all-trars-
RA and 9-cis-RA, whereas the retinoid X receptors (RXRs) preferentially bind 9-cis-RA
(Heyman ef al. 1992, Levin et al. 1992). In vitre studies have shown that RXRs can act
as homodimers or as heterodimeric partners of RARs or several other nuclear receptors
including thyroid hormone receptors, vitamin D3 receptors, peroxisomal proliferator-
activated receptors and several orphan receptors (Kastner ef al. 1995). Hence, the action
of retinoids is a fine-tuned mechanism dependent on the level of expression of specific
receptor isotypes as well as on the type and concentration of retinoid compounds present

30

Considerations for in vitro retinoid experiments

in the cell.

With regard to cancer therapy, retinoids have proven to be active in leukoplakia,
a premalignant lesion in the mucosa of the oral cavity (Hong ef al. 1986, Lippman ef al.
1993) and 13-cis-RA could successfully prevent the occurrence of second primary
tumors in the upper aerodigestive tract following head and neck squamous cell carcinoma
(HNSCC) (Honge et al. 1990). A decreased level of retinol was found in serum of
HNSCC patients (Bichler et al. 1983) and the mRNA level of RAR-8 is decreased in
carcinoma and leukoplakia (Xu ef a/. 1994, Lotan et al. 1995). These results indicate that
a dysregulated retinoid homeostasis is involved in the development of HNSCC.

We are interested to establish the role of retinoids in the malignant progression of
oral keratinocytes toward HNSCC. The cancer cell lines must be cultured in serum-
containing DMEM medium and primary keratinocytes in special medium containing
growth factors butno serum. When measuring retinoid levels in low-protein keratinocyte
medium we encountered, however, severe problems. Incubation of retinoids in this
medium without cells resulted in very low retinoid concentrations, suggesting an artefact.
Aim of the present study was to assess in detail the influence of the type of medium with
or without protein on in vitro retinoid experiments and the consequences for retinoid
action. We found a dramatic decrease in retinoid concentrations when serum or albumin
was omitted from the medium. QOur data indicate not only an important role tor protein
on the bioavailability of retinoids, but also on the reproducible standardized measurement
of retinoids in in vitro experiments,

Materials and methods

Cell culture media

Two different types of Dulbecco’s modified Eagle’s media were used: powder DMEM (DMEM-P, Cat
No. 52100, GIBCO Life Technologies B.V., Breda, the Netherlands), and liquid DMEM (DMEM-L, Cat.
No. 12-709, Bio Whittaker, Verviers, Belgium). DMEM-P was prepared by dissolving powdered DMEM
in sterile water, with 3.7 g/l NaHCO, and 5.9 g/l HEPES, adjusted with NaOH to pH 7.4, Both DMEM
media were forther supplemented with 2 mM L-glutamine, 100 TU/ml penicillin, and 100 pg/ml
streptomycin sulphate (allreagents from Life Technologies B.V., Breda, the Netherlands). Powder RPMI
(Cat. No. 51800 from Bio Whitlaker) was supplemented with 3 g/l NaHCO,, 100 IU/ml penicillin, and
100 pg/ml streptomycin sulphate. Keratinocyte Growth Medium (KGM) was supplemented with
gentamyein sulphate (final concentration 5 pg/ml) and amphotericin B (final concentration 0.5 pg/ml)
(all from Life Technologies). FCS (Fetal Calf Serum) was obtained from Flow Laboratories (Irvine,
Scotland, UK) and BSA (Bovine Serum Albumin) from Sigma (St. Louis, MO, USA).

Cell culturing
Primary ocral keratinocytes were obtained from the uwvulas of patients who underwent
uvulopalatopharyngoplasty. Cells were isolated and cultured in keratinocyte growth medium (KGM) as
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described previously (Reid ef @l 1997). The HNSCC cell line UM-SCC-35 originating from a
hypopharyngeal tumor was obtained from Dr TE Carey, University of Michigan, Ann Arbor, MI, USA
and is described elsewhere (Carey 1983). These cells, normally cultured in DMEM with 5% FCS, were
after adaptation routinely cultured in KGM medium. Primary cultures of keratinocytes were subcultured
when they reached 70% confluence in a dilution of 10° cells/ml and were used at passage 3; tumor cell
line UM-SCC-35 was subcultured once weekly with a split ratio of 1:5 and was used between passage
33 and 37.

Chemicals

All-trans-RA was obtained from Acros Chimica (Geel, Belgium), 4-oxo-trans- and cis-RA were kind
gifts of Hoffmann-la Roche Basel, Switzerland; retinol and 13-cis-RA were obtained from Sigma (St
Louis, MO, USA). All compounds were dissolved in a 107 M stock in dimethyl sulfoxide (DMSO: IT
Baker, Deventer. the Netherlands) and stored at -80°C. For each experiment, working dilutions were
freshly prepared in the relevant cell culture medium. Final DM SO concentrations during incubation were
always lower than 0.1% and did not affect cell growth, [11,12-"H(N)Y]All-trans-RA (35.8 Ci/ mmol) was
obtained from NEN (NEN Life Science Products, Boston, MA, USA). All procedures with retinoids were
performed in subdued light,

Retinoid extvaction and HPLC analysis

Retinoids were determined by reversed-phase HPLC after extraction with acctonitrile, as described
previously (Teerlink es of. 1997). In short, two samples of 350 pl were taken from the medium and after
removal of the residual medium the cells were washed once with PBS, collected by centrifugation after
trypsin/EDTA treatment and subsequently lysed in 350 pl distilled water. Then 50 pl of | M sodium
acetate buffer (pH 4.0) and 600 pl acetonitrile was added to the 350 ul samples (medium or lysed cell
pellets), and after vortex-mixing the samples were centrifuged for 2-5 min al 3000 g. In total 720 pl of
the clear supernatant was transferred to a 2 ml glass autosampler vial (Bekers, Amstelveen, the
Netherlands)., and after addition of 240 pl water the vials were capped. mixed by inversion and
immediately put in the sample compartment of the autoinjector, which was kept at 4°C. A Separations
(Hendrik [do-Ambacht, the Netherlands) HPLC system was used. consisting of a Basic Marathon
automatic sample injector, 2 Model M480G gradient pump (Gynkotek HPLC, Munich, Germany), a
Model UVD 1708 UV detector, and a column heater (Mistral). The mobile phase was degassed online
using a model GT103 degasser. Chromelion software from Gynkotek (Munich, Germany) was used for
instrument control and data acquisition. Separation was performed on a Spherisorb ODS2 3 mm column
(100 * 4.6 mm) from Phase Separations (Deeside, UK) maintained at 30°C. Composition of the mobile
phases and the binary gradient used were as deseribed by EckhofT and Nau (1990). UV detection was
performed at 340 nm and retinoids were identified using external standards: 4-oxo-trans-RA. 4-0x0-cfs-
RA, 13-cis-RA, all-rans-RA, and retinol. Concentrations of 9-cis-RA were calculated using the
extinction coefficient of 13-cis-RA.

Concentration of retinoids in different culture media

To four different culture media, 10° M all-trans-RA was added and distributed over 6 wells plates.
Culture media used were DMEM-P, DMEM-L, RPMI and KGM. The first three culture media were
tested with or without 5% FCS and the KGM medium with or without 1 mg/ml BSA. At several time
points (0,4, 24, 48, 72 h) samples of 750 1l were taken and stored after N, flushing at -80°C until further
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analysis. Retinoids were quantified on the basis of peak height using external standardization. The
protein content of the different media was determined by the Bio-Rad protein assay (Bio-Rad
Laboratories B.V., Veenendaal, the Netherlands).

Assessment of retinoid loss by the extraction procedure

In a reaction tube (Sarstedt, Niimbrecht, Germany) with 750 pl distilled water, [*H]all-trans-RA (ca. 2
x 10° cpm) was added. After pipetting the solution up and down, one sample of 350 pl was immediately
transferred 1o a scintillation vial and a second sample of 350 pl Lo a fresh reaction tube. The pipet tip
used for these procedures was put in a separate scintillation vial. The second sample was processed
following the normal extraction procedure used for HPLC analysis. The total extraction solution was
collected in a scintillation vial and the pipet tip in a separate vial. Finally the reaction tube used in the
extraction and the initial reaction tubes were also put in two separate scintillation vials, The same
experiment was done in distilled water containing | mg/ml BSA. To each scintillation vial Ultima Gold
scintillation fluid was added and the radioactivity was measured. Each experiment was performed in
duplicate.

Binding of retinoids to plastic materials

In a 24-wells plate (Costar, Acton, MA, USA) wells were filled cither with 350 pl of distilled water or
with distilled water containing | mg/ml BSA. Subsequently, ["Hlall-trans-RA (ca, 2 x 10" cpm) was
added, the solutions were mixed by pipetting up and down and the content of each well was immediately
collected in a scintillation vial. The used pipet tip (Sarstedt) was put in a second scintillation vial. Next,
the wells were washed by adding 350 pl of distilled water, 50 ul of sodium acetate (1M, pH 4.0) and 600
pl of acetonitrile, This solution was similar to the solution used in the extraction, which is known to
dissolve the retinoids with high efficiency (Teetlink er a/. 1997). After pipettingup and down. again the
total content of each well and the pipettip were collected in separate scintillation vials. Finally, the wells
were cut out the plates and put in separate scintillation vials. To each vial Ultima Gold scintillation fluid
(Packard, Groningen, the Netherlands) was added and the radioactivity was measured. Each experiment
was performed in triplicate.

Uptake of 10°° M all-trans-RA by primary oral keratinocytes

Keratinocytes were cultured in 6 wells plates up to 70% confluence and exposed to KGM medium
containing different amounts of BSA (0, 0.01, 0.1, 1, 10 mg/ml) and 10°* M all-frans-RA. After 24 hours
samples of 750 pl were taken, the cells were washed once with PBS, trypsinized and collecied by
centrifugation, Medium fractions and cell pellets were stored at -80°C under nitrogen until extraction for
HPLC analysis. Retinoids were quantified on the basis of peak height using external standardization.

Metabolism in UM-SCC-33 with increasing amounts of BSA

Cells were cultured to near confluence in 6 well plates with 2 ml medium (KGM plus | mg/ml BSA) per
well, Then the medium was replaced by 2 ml KGM and 107" M all-frans-RA with no, 1, 10 or 20 mg/ml
BSA (final concentration). After several time points (0, 4, 24, 4R and 72 h), samples of 750 pl were taken
and stored after N, (lushing at -80°C. Since we intended also to measure unknown retinoid metabolites,
the results were expressed as a percentage of the total area under the curve of the relevant part of the
chromatogram (retention time between 6 and 30 min).
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Results

Concentration of retinoids in different culture media

Retinoid concentrations in three different culture media with or without FCS, and in
KGM with or without BSA were followed for 72 h after the addition of all-zrans-RA
(Figure 1), Without FCS or BSA in the medium all-trans-RA concentrations were much
lower. However, the fractions remaining differed between the various media: in KGM
medium without BSA the levels were considerably higher than in DMEM medium
without FCS (20% vs. 0% at t=72 h); in RPMI without FCS the retinoid concentration
remained higher as compared with the DMEM media without FCS (10% vs. 0% at t=72
h). In one of the DMEM media (DMEM-P") the retinoid concentrations decreased very
rapidly during the incubation period, even in the presence of FCS. Isomerization, the
conversion of all-zrans-RA into 13- and 9-cis-R A, was observed for all media and varied
from 20 to 50 %. Except for the peaks related to the known retinoids mentioned above,
no other peaks could be detected. Asa comparative analysis the two isomers of all-frans-
RA, 13-cis-RA and 9-cis-RA, were investigated as well for their isomerization and
concentration over time. All-frans-RA and 13-cis-RA were investigated in all medium
types: 9-cis-RA was investigated in DMEM-L plus or minus FCS and KGM plus or
minus BSA. The decline of 13-cis-RA and 9-cis-RA concentrations was comparable to
that of all-trans-R A in all media, except for 13-¢is-RA in DMEM-P + FCS, in which it
was less stable (t=72 h: 13-cis-RA, 22.3%; all-trans-RA, 42.4%; datanot shown). Figure
2 shows the isomerization of the three retinoic compounds in the various media, at =0
and t=72 h. It has to be noted, however, that concentrations at t=72 h in serum- or
albumin-free media are very low and could therefore give less accurate results.
[somerization of all three retinoids was found to be comparable, although 9-cis-RA
appeared to be more stable than the other two retinoids in DMEM-L minus FCS and
KGM minus BSA at t=0.

It appeared that protein content (5% FCS or 1 mg/ml albumin) is crucial to keep
retinoids in solution. Albumin is an effective retinoid binder and transporter and forms
the largest protein fraction in FCS. From the manufacturer’s product information it is
known that 5% FCS contains 1.3 mg/ml BSA (0.13% w/v) and 1.8 mg/ml total protein,
whereas KGM medium contains about 42 pg protein/ml. No protein was detected in the
DMEM and RPMI media. This variation in protein levels could largely explain the
differences between the serum/albumin-free and -containing media assuming that
albumin binding prevents the decrease in retinoid concentration. In principle, three
reasons could explain the disappearance of retinoids in protein deficient
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Figure 1. Concentration of retinoids in different culture media, after an exposure to 1 pM all-
trans-RA during various incubation periods. Values of all-frans-RA were expressed as a percentage
of the total amount of retinoids at t=0 in RPMI, which was set at a 100%. Except for the peaks of all-
trans-RA, 13-cis-RA and 9-cis-RA, no other peaks could be detected. Values are presented as mean
+ 8D of three separate experiments. BSA (end concentration 1 mg/mi) was added to KGM, and FCS
{end concentration 5%) to the other media.

medium 1) retinoids could be lost by physicochemical degradation, 2) the retinoids could
be lost as a result of the extraction procedure for HPLC, and 3) retinoids could bind to
the plastic materials like culture plates, pipet tips and reaction tubes.

Physicochemical degradation

To follow the physicochemical degradation, we analyzed the retinoid profile for
breakdown products other than the isomeric forms of all-frans-RA, namely 13- and 9-cis-
RA. In all media as described in Figure | we could not detect any other peaks, suggesting
that no breakdown had taken place (data not shown).
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Assessment of retinoid loss by the extraction procedure

To study potential lass of retinoids by the extraction procedure, ['H]all-irans-RA was measured befors and after
the extraction in albumin-free and albumin-containing distilled water (Figure 3). The results showed that the
differences are not due to the extraction method and are independent on the presence of albumin. However. in this
experiment we noted that considerably more radioactive material stuck to the pipet tips used for albumin-free
solutions,

100 -

% of total radioactivity

Figure 3. Potential loss of retincids by the extraction procedure. [*Hlall-frans-RA was measured
pefore and after the extraction in albumin-free and -containing distilled water {end concentration BSA
1 mg/ml). Sample = unextracted sample; extract = extracted sample; pipet tip 1 = pipet tip used with the
transfer of the sample and the extracted sample; pipet tip 2 = pipet tip used wilh the transfer of the
exiraction solution to a scintillation vial; tube extr, = reaction tube in which the extraclion was performed;
tube start = reaction tube from which both samples were distributed. Values are presented as mean +
SO of two separate experiments.

Binding of retinoids to plastic materials

To investigate the loss of retinoids by binding to the used plastics, [*H]all-frans-RA was
added to 24-wells plates containing distilled water with or without 1 mg/ml BSA. After
sampling, the wells were rinsed with the solvent used in the extraction procedure. In
Figure 4 the results are shown of the relative amounts (in cpm) of [*H] in the samples,
the extraction solvent and other materials that came in contact with the retinoids. The
effect of adding albumin to the solvent was striking: while in the albumin-containing
samples more than 80% of the total cpms were found, on average only 25% was detected
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Figure 4. Binding of retinoids to plastic materials. [*H]All-frans-RA was added to 24-wells plates
containing distilled water with or without BSA (end concentration 1 mg/ml). Samples were taken and the
wells were rinsed with extraction solvent. Distribution of ['H] in the different fractions: sample = total
content of a well containing water (+/- BSA) and a trace of [*H]all-trans-RA; pipet tip 1 = pipet fip used
with the sampling; extr. sol. = extraction solvent; pipet tip 2 = pipet tip used with the transfer of the
extraction solution to a scintillation vial; well = well, in which experiment was performed. Values are
presented as mean = SD of two separate experiments.

in the samples without albumin. A considerable part of the labeled retinoids from the
albumin-free samples was found in the pipet tips, and about 50% could be recovered by
the extraction solvent, showing indeed that the retinoids bound to all plastics used. To
check the extracted sample (from the albumin-free plates) on the presence of intact
retinoids, it was separated on an HPLC column. From Figure 5 it can be seen that all-
{rans-RA that could be recovered from the plastic is not degraded or isomerized. Thus,
the decrease in all-trans-RA concentration was due to the sticking to plastic and not due
to degradation or isomerization in the medium.

Uptake of 107° M all-trans-RA4 by primary oral keratinocytes

We have shown that without albumin retinoids attach to hydrophobic entities, including
plastic materials and only with the extraction buffer could re-dissolve them efficiently.
As a consequence of its binding capacity, the presence of albumin in the media could
have dramatic effects on the availability and uptake of retinoids in cultured cells.
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As a model to test this hypothesis, we analyzed the uptake of retinoids in human
primary oral keratinocytes in the presence of BSA concentrations ranging from 0 to 10
mg/ml. The cell-associated fractions and the cell-conditioned medium were analyzed by
HPLC (Figure 6). With increasing amounts of BSA the concentrations of retinoids in the
cell-associated fractions decreased, while in the medium the retinoid concentrations
increased.,

i —————

3200
_AII—[rans—RA
o~

2400

1600

radioactivity (CPM)

800 -

13-cis-RA

0 L 1 1 Jl ll‘ | E— — el - PRV
0 6 12 18 24 30

retention time {min)

Figure 5. Lack of degradation and isomerization of all-trans-RA after binding to plastic material.
Chromatogram of the rinsing solution from an experiment without BSA. A high peak corresponding to
all-trans-RA and a small peak corresponding to 13-¢is-RA could be observed. Further details of this
experiment are shown in the legends of Figure 4 and in Materials and Methods .

Metabolism in UM-SCC-35 with increasing amounts of BSA

The final step was to determine if the presence of BSA had also consequences for the
metabolism of all-frans-RA. To this end, the HNSCC cell line UM-8CC-35 was chosen
as 1) we knew that the metabolism in this cell ling is reproducible, and 2) the metabolism
of UM-SCC-35 is fast (within about 24 h all-trans-RA is completely broken down) and
polar metabolites can easily be detected in the medium (Braakhuis ef al. 1997).
Increasing the concentrations of albumin in the medium lead to lower levels of
metabolites and higher levels of parental compound in the medium, indicating that
retinoid turnover had decreased (Figure 7). In addition, a change in the type of metabolite
was detected. For instance, without BSA relatively more 9-cis-RA and unidentified
compounds were formed.
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Figure 6. Uptake of 1 yM all-trans-RA by primary oral keratinocytes. Uptake of retinoids by primary
oral keratinocytes was analyzed by HPLC after an exposure of 1 pM all-frans-RA for 24 h in KGM
medium containing various cencentrations of BSA. (A) Retinoid amounts in cell-associated fractionsand
in conditioned medium, presented in pmol (in 350 pl sample, dissolved cell pellet or medium) and are
the sum of the amounts of all-frans-RA, 13-cis-RA and 9-cis-RA, determined by peak height. (B)
Distribution of retinoids in the conditioned medium; Panel C: Distribution of retincids in the cell-
associated fractions. Experiments were performed in duplicate. The coefficients of variation were less
than 15%.
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Figure 7. Metabolism in UM-SCG-35 with increasing amounts of BSA. In the medium of UM-SCC-35
relincids were analyzed after various periods of exposure to 1 uM all-trans-RA. Cells were cultured in
KGM medium in the presence of various concentrations of BSA. Values are expressed as a percentage
of the area under the peaks of the indicated peaks or fractions; the sum of the values at t=0 has been

'set at a 100%. Experiments were performed in duplicate. The coefficients of variation were less than

12%, 16-21: total value of all peaks with retention times between 6 and 21 minutes. Remainder: sum of
values of unidentified peaks and not with retention times between 6 and 21 minutes. NB: Note the
logarithmic scale of the y-axis.

Discussion

Our initial aim was to compare retinoid metabolism in two different cell types, namely
head and neck squamous cell carcinoma (HNSCC) cells and primary oral keratinocytes,
in order to establish the role of retinoids in the malignant progression towards squamous
cell carcinoma in the head and neck. While doing these experiments we encountered,
however, some serious problems concerning the reproducibility. Moreover, in the
keratinocyte medium unexpected low retinoid concentrations were found. From
literature and our own experience we knew that retinoids are unstable compounds,
sensitive for parameters such as light, oxygen, heat and other nonenzymatic factors
(Blaner and Olson 1994, Urbach and Rando 1994, Shih ef al. 1997). Furthermore, it has
been demonstrated that serum albumin is a protein for which retinoic acid has a high
binding affinity (Nerli and Pico 1994, Avis e al. 1995). In earlier experiments we had
already reduced the variables light, oxygen and heat to a minimum. Another important
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variable, to which we had payed no attention yet, was the type of culture medium. Both
cell types were cultured in their own specified medium, the cancer cell lines in serum
containing DMEM and the primary oral keratinocytes in special medium containing
growth factors but no serum. For that reason, and the strong binding capacity of serum
albumin, we decided to focus on the influence of the type of medium plus or minus
serum albumin on in vitro retinoid experiments.

In this study we showed that the type of culture medium, but especially the
presence of protein in the culture medium is of paramount importance to enable relevant
and reproducible in vifro retinoid experiments. In culture media containing 5% fetal calf
serum (FCS) the concentrations of all-zrans-retinoic acid (RA) remained close to those
predicted. In the absence of FCS, however, we found a dramatic decrease of RA
concentrations. We demonstrated here that this decrease was mainly caused by the
binding of RA to plastic materials with which it was in contact. Further, we investigated
what influence the binding of RA to serum albumin would have on the availability of RA
for the cells. We demonstrated that the presence of serum albumin reduced the uptake
and metabolism of RA in cells,

Comparing methods of others in the field, we did not find a consensus in the setup
of retinoid metabolism experiments concerning serum albumin content. Researchers who
do add FCS or albumin may be aware of retinoid loss by sticking to plastics, while others
who do not add serum or serum albumin, may have other reasons for this. First, some
researchers may be unaware of the sticking of RA to plastics and may just have assumed
that the RA added to the culture medium is in complete solution and uniformly
distributed throughout the medium. Second, some researchers, although aware, ignored
the sticking of RA to plastics, but were lucky to find comparative results since they have
studied only one type of cells in one type of medium. Finally, researchers have
deliberately omitted serum or serum albumin from the medium to exploit the increased
intracellular accumulation of retinoids in order to obtain, for instance, high expression
levels of retinoid inducible genes (Avis er al. 19953),

It has already been demonstrated by Noy (1992) that retinoic acid at micromolar
concentrations is not uniformly distributed in aqueous solutions, but may exist as
micelles. At physiological pH in aqueous environments, a predominant fraction of RA
is ionized, and thereby more soluble. The presence of serum albumin or a change of pH
had an effect on the solubility of RA. It can be imagined that additional factors like
osmolality and buffering capacity, have an influence on the solubility of RA by changing
its ionization. Our results indicated indeed that not only serum albumin, but also other
proteins and other factors had an influence on the concentration of RA in the medium.
In the DMEM media (DMEM-L and DMEM-P), which do not contain protein, the RA
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concentrations decreased during the incubation period of 72 h to almost zero. This was
not seen in the KGM and RPMI media. KGM appeared to contain a small amount of
protein, while RPMI did not contain any protein at all. The unchanged RA concentration
in RPMI suggested that other factors than protein content are important. Further,
although the two DMEM media had the same composition, the stability of RA in the
presence of FCS in these culture media differed considerable. The fact that they had been
prepared by different manufacturers suggests that the use of different source components
or possible impurities, might have played a role. We have not investigated this in more
detail, but we judge the loss in retinoid concentrations in the DMEM-P medium
unacceptable and therefore this medium does not seem useful for retinoid rescarch.
Although above described problems may only be minor as compared to BSA
concentrations we think researchers working on in vitro retinoid experiments should take
these medium dependent variations under consideration as well. Nevertheless, more
research has to be done to uncover the importance and the real magnitude of these
problems.

In the last part of this study it was shown that in the presence of serum albumin
the uptake and turnover of RA in cells was reduced. In line with these results, several
others have reported the diminishing effects of RA in the presence of serum as compared
to serum-free conditions (Mouawad ef al. 1996, Hodam and Creek 1996, Takatsuka ef
al. 1996). When albumin or FCS is not added to the medium artificially high intracellular
concentrations of RA are reached, which could have tremendous impact on the studied
effects. The consequence of the presence of serum albumin is a slower release from the
albumin and uptake into the cells of RA. The above referred researchers, however, leave
undecided whether this phenomenon is a problem or not. We propose that serum albumin
concentrations that are not too limiting on retinoid actions, i.e., up to 2 mg/ml in total
solution, would be acceptable. Moreover, the attenuating effects are in fact
representations of a more physiological condition as retinoids are in plasma bound to
albumin. Furthermore, leaving out serum albumin from the medium will result in
irreproducible results, since parameters such as cell concentration and the number of
times and duration RA is in contact with plastics is hardly controllable.

In summary, this study demonstrated that the absence of serum albumin in the
culture media during retinoid in vitro experiments resulted in unreliable and hardly
reproducible concentrations of all-frans-retinoic acid, since much of the RA disappeared
by binding to plastics. Further, uptake and metabolism of RA in the presence of serum
albumin was attenuated, which prevented an artificially high accumulation of RA in the
cells. In fact the presence of serum albumin enables a good balance between
reproducibility and availability of retinoic acid.
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Based on these conclusions we would like to recommend, with in vitro retinoid
experiments, a certain level of serum albumin in the culture medium. In order to make
a better comparison between retinoid experiments in HNSCC cells and primary oral
keratinocytes, the addition of 1 mg/ml serum albumin to the KGM seemed a good choice,
since this concentration is approximately the same as in DMEM with 5% FCS.
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Abstract

Vitamin A and related compounds, also known as retinoids are thought to play a role in
the development of head and neck cancer. We measured levels of the major retinoids,
retinol, all-frans-retinoic acid, 13-cis-retinoic acid and 13-¢is-4-oxo-retinoic acid in
plasma of head and neck cancer patients in comparison with controls without cancer. No
differences were found between plasma levels of these retinoids between 25 head and
neck cancer patients and 21 controls. Mean baseline levels for the patients were 2458,
6.0, 6.4 and 8.6 nM for retinol, all-frans-retinoic acid, 13-cis-retinoic acid and
13-cis-4-oxo-retinoic acid, respectively. In addition, we selected 10 patients from the
chemoptevention trial EUROSCAN and measured the effect on retinoid levels of
300,000 IU daily retinyl palmitate intake during 1 month. Medication caused significant
elevations in retinol levels (1.2 fold), all-#rans-retinoic acid (2.2 fold) and its metabolites
13-cis-retinoic acid (5.8 fold) and 13-cis-4-oxo-retinoic acid (8.9 fold). Because of its
high increase in levels, 13-cis-4-0xo-retinoic acid seems a good candidate to serve as a
suitable marker to monitor patient compliance in future chemoprevention trials involving
retinoids. No relations were found between the occutrence of side-cffects of retinyl
palmitate and retinoid levels during treatment. However, the two patients who developed
side-effects had the highest pre-treatment levels of 13-cis-retinoic acid and
13-cis-4-oxo-retinoic acid, suggesting that retinoid toxicity is associated with relatively
high basal retinoid metabolism.

Introduction

Vitamin A or retinol is an essential micronutrient for several processes in man including
growth, differentiation, vision and reproduction. The relation between dietary intake of
retinol and the development of squamous cell cancer in several tissues of the body was
recognized during the last two decades (Bjelke 1975, Fontham 1990, Byers ef al. 1984).
Epidemiological studies on the relation between low serum concentrations of retinol and
subsequent cancer risk were not conclusive. A number of these studies showed a positive
correlation between low serum retinol concentrations and the development of cancer
(Wald et al. 1980, Zheng er al. 1993), but other studies failed to confirm this (Knekt et
al. 1990, Coates er al. 1988, Wald ef al, 1986, Willet et al. 1984), From the clinical point
of view it was recognized that vitamin A has activity in leukoplakia, the most common
premalignant form of oral cancer. Oral supplementation of retinoic acid (RA ) in the form
of 13-cis-RA was also able to prevent the formation of second primary tumors in head
and neck cancer patients (Hong ez al. 1990). At this moment it is not clear how retinol
and its metabolites (termed ‘retinoids’) are able to inhibit the development of cancer. It
is very likely that in addition to the availability of retinoid receptors (discussed below),
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the concentrations of the specific retinoids are important (Mangelsdorf et al. 1994).
Many studies in the past have put emphasis on serum retinol levels and the subsequent
risk of cancer development, but not much is known about normal plasma levels of
all-frans-RA and its metabolites 13-cis-RA and 13-cis-4-ox0-RA in cancer patients. The
first aim of this study was to analyze these retinoids in the plasma of head and neck
cancer patients in comparison with controls. In the late 1980s more insight into the
molecular mechanisms of the action of vitamin A was acquired by the discovery of the
RA receptors (RARs) and the retinoid X receptors (RXRs) (Petkovich er al. 1987,
Giguere ef al. 1987, Mangelsdorf es al. 1990). Natural metabolites of retinol, like
all-trans-RA and 9-cis RA bind to these factors and form hetero- or homodimers. These
dimers are transcription factors and regulate gene expression after binding to a specific
DNA sequence (Yu ef al. 1992) in the promotor region of various genes. Both receptor
type as well as type of retinoid are of importance in this regulation (Mangelsdorf ez al.
1994). For instance, all-frans-RA binds to RARs and not to RXRs, whereas 9-cis-RA
binds to both classes of receptors.

The epidemiologic data supporting a protective effect of refinoids on cancer
development and the data of animal studies which showed several retinoids to prevent
cancer, resulted in the initiating of clinical chemoprevention trials in the last decade. One
of the largest head and neck cancer and lung cancer chemoprevention trials conducted
at the moment is the EUROSCAN trial (De Vries et al. 1991, De Vries ef al. 1993).
Cured head and neck cancer or lung cancer patients were randomized in a 2 x 2 factorial
design to receive either retinyl palmitate (RP) or N-acetylcysteine or both or nothing
during a period of 2 years. We were treating these patients in our clinic and we were
interested to know whether: (1) RP treatment had influence on the plasma levels of the
several retinoids; (2) retinoid levels could be used to monitor patient compliance; and (3)
it was possible to predict retinoid-induced toxic side-effects.

Materials and methods

Patients and controls

Plasma was obtained from 25 patients (20 males and five females, mean age of 60 years) admitted in our
clinic with a squamous cell carcinoma of the mucous membranes of the head and neck: eight patients
with oral cancer, three patients with oropharyngeal cancer and 14 patients with laryngeal cancer (T,-T,
N,-N,., according to the TNM classification of the UICC (Hermaneck and Sobin 1987)). Twenty-one
patients (12 males and nine females, mean age of 47 years) without cancer in their history and who were
admitted at our department or the Department of Maxillofacial Surgery served as control group. These
patients were admitted for various reasons: four patients underwent ear surgery, four sinus surgery, three
sepiorhinoplasty, three reposition of maxillary fractures, two uvulopalatopharyngoplasty, and five
patients were admitted for other surgery related to benign discase.
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The mean values of the smoking habits of the cancer patients were 8.0 cigarettes per day (range:
(-40) versus 7.2 cigarettes per day (range: 0-30) for the control population. The mean values of alcohol
consumpiion per day of the cancer patients were 2.3 (range: 0-7) versus 1.1 (range: (-6) for the control
population.

For the evaluation of the influence of high dose RP administration on retinoid levels, plasma
samples of 10 patients participating in the chemoprevention trial EUROSCAN were examined. Patients
used 300,000 IU RP per day during the first year of treatment, followed by a dose of 150,000 IU RP per
day during the second year. The objective of the EUROSCAN trial is to study the cffect of RP,
N-acetylcysteine or both in preventing or delaying the occurrence of second primary tumours in patients
curatively treated for invasive laryngeal cancer, carcinoma in situ of the larynx, oral and lung cancer.
Patients were randomized in agreement with the EUROSCAN protocol of the European Organization
for Research and Treatment of Cancer (EORTC study number 24871). Patients were seen every month
in the outpatient clinic where side-effects were recorded. The most common side-effects were itching,
dyspepsia, skin dryness and desquamation (De Vries et of. 1993). Routine liver function tests were
performed (serum levels ol serum glutamic oxaloacetic transaminase, serum glutamic pyruvate
transaminase, lactate dehydrogenase, gamma-glutamyl ranspeptidase and bilirubin) as well as serum
chalesteral levels. Blood for retinoid analysis was collected immediately following randomization and
| month afterwards when patienis were visiting our outpatient clinic and 13 months afterwards (n = 4).
Samples were taken from non-fasting individuals 2-5 h after RP intake, No correction for this difference
in time interval was performed, since no correlation was found between this time period and the plasma
retinoid levels.

Blood collection

Blood was obtained by venepuncture using vacuum tubes containing EDTA. These tubes were covered
with aluminum foil to protect them from light and stored in a 4°C refrigerator. Within | h after
venepuncture, plasma was obtained by centrifugation (10 min at 3000 g and 4°C).

Subsequently, plasma was collected in cryovials that were flushed with nitrogen, before closing.
Cryovials were again covered with aluminum foil and then stored in the dark at -70°C.

Sample preparation and HPLC procedure
Sample preparation and HPLC procedure were performed as described earlier (Teerlink ef ¢f, 1997). This
way of analysis is characterized by a high sensitivity and reproducibility.

Table 1. Plasma retinoid levels in head and neck cancer patients and healthy controls.

Group n Retinol all-trans-RA 13-cis-RA 13-cis-4-ox0-
RA
Patients 25 2458 £ 851 6.0+25 6.4+22 8.6+53
Controls 21 2244 + 798 49+22 6.1+2.6 74+45
P-value® 0.40 0.16 0.66 0.39

RA, retinoic acid. Mean values + SD are shown in nl.
“ Two-sample test with equal variance.
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Results

Cancer patients and controls

No differences were observed between retinoid levels of cancer patients as compared
with control individuals (Table 1 ).

Patients using daily RP

Plasma retinol levels in patients increased slightly, but significantly after 1 month
treatment with 300,000 TU RP per day. Mean values of plasma levels of all-frans-R A and
its metabolites 13-cis-RA and 13-cis-4-0x0-RA were significantly increased two to nine
times (Table 2). After 1 year of treatment with 300,000 TU RP the daily dose of RP was
reduced to 150,000 TU RP, according to the protocol of the EUROSCAN trial. The
plasma retinoid levels of four patients were evaluated in this second year. After 1 month
of treatment with the lower dose RP (which is 13 months after randomization for the
trial) plasma samples were investigated. As expected, retinoid levels in the second year
were lower than in the first year, when patients were using the double dose. but higher
than before treatment. Surprisingly, in three of the four evaluated patients, retinol levels
were even lower at this time point than before treatment (Table 3); this difference was
not significant (P = 0.18, two-sample t-test with equal variance).

Table 2. Plasma retinoid levels before and after retinyl palmitate (RP) intake.

Patients Retinol all-trans RA 13-cis RA 13-cis-4-ox0 RA
Pre-treatment 2608 + 622 57+21 66+£2.0 10.3+63
Curing treatment 3242 + 445 128+89 38.2+129 92.1+22.0
p-value® 0.01 0.01 <10* <10°

RA, retinoic acid. Mean values + SD are shown in nM from 10 patients before and 1 manth after starting
a daily intake of 300,000 IU RP.
“ Paired two-sample t-test.

Table 3. Plasma retinoid levels before and 1 and 13 manths after retinyl palmitate (RP) intake.

Patients Retinol all-frans RA 13-cis-RA 13-cis-4-oxo RA
Pre-treatment 2235 £ 632 S.2%1.7 Tlx22 11.8+43
After 1 month 3077 £ 375 139270 400+45 100.1+£21.8
After 13 months 1708 + 687 B.7+486 21.3+£11.4 82.7 £ 35.1

RA, retinoic acid. Mean + SD are shown in nM from four patients before treatment, after 1 month daily
treatment with 300,000 IU RP, and after 13 months treatment with 300,000 IU followed by 1 month
treatment of 150,000 U,
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Side-effects and safety parameters

Two of the 10 patients using RP reported side-effects. These side-effects were
well-tolerated complaints of mucosal dryness (one patient) and poorly tolerated skin
desquamation (one patient). In this last patient, the daily dose of RP was reduced to
150,000 IU, resulting in moderate and bearable side-effects. The additional eight patients
did not report to have side-effects. The pre-treatment levels of 13-cis-RA and
13-cis-4-ox0-RA were noted to be the highest in the patients with side-effects. The levels
of 13-cis-RA in the patients with side-effects were 10.8 and 9.6 nM compared to a mean
level of 5.8 nM (range: 4.1-7.2 nM) in the patients without side-effects. The levels of
13-cis-4-0x0-RA in the patients with side-effects were 18.9 and 20.4 nM compared to
a mean level of 7.9 nM (range: 3.3-11.6 nM) in the patients without side-effects. The
levels of retinol and all-frans-R A showed no differences between the patient groups with
and without side-effects. None of the 10 patients had liver function disturbances as
checked by blood tests. One patient had an increase in cholesterol level from 4.7 to 10.2
mM. Plasma retinoid levels after treatment of this patient were within the range of those
of the other patients without cholesterol level increase.

Discussion
During the last decades epidemiological studies revealed a relationship between vitamin
A intake levels and subsequent cancer risk. With the discovery of the retinoid receptors
amolecularbasis was provided for a possible working mechanism ofretinol which could
explain the epidemiological observations. Retinol itself does not bind to the RARs or
RXRs and it has to be converted into all-trans-RA or 9-¢is-RA before it can induce or
inhibit gene expression. In most epidemioclogical studies no or minor differences in blood
retinol concentrations were found in cancer patients compared with controls, not
explaining an increased cancer risk of specific individuals. Besides these findings, oral
supplementation of | 3-cis-RA was shown to have a protective effect on the development
of second primary tumors in head and neck cancer patients (Hong ef al. 1990) and a
therapeutic effect was found of this RA metabolite and also of all-frans-RA on the
development of oral leukoplakia (Lippman ef al. 1993). These two findings suggest a
metabolic defect which could be restored by supplementing 13-cis- and all-frans-RA
rather than retinol. We were, therefore, interested in the concentrations of all-frans-R A
and its metabolites 13-¢is-RA and 13-cis-4-0x0-RA of head and neck cancer patients,
assuming that plasma levels reflect intracellular processes.

The present study showed no difference in the plasma levels of retinol,
all-trans-RA, 13-cis-RA and 13-cis-4-0x0-RA between head and neck cancer patients
and healthy controls. As for all-irans-RA and 13-cis-R A, these results were in agreement
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with the findings of a Swedish group (Wahlberg and Fex 1996). although these
investigators reported somewhat lower values for the patient and control groups. So, the
combined data of both studies show that a relatively poor nutritional status, that may be
expected in head and neck cancer patients, is not reflected in an alteration of the plasma
levels of the most important retinoids. Consequently, it seems that the beneficial effect
of 13-cis-R A on tumor-development and leukoplakia advancement can not be explained
by correcting a deficiency of this metabolite. Apparently, the levels of retinoids in the
plasma are too crude an indicator of the intracellular levels influencing the process of
gene transcription.

We investigated the plasma levels of several retinoids in samples of patients
randomized to use RP. We found a considerable increase of blood retinoids in all patients
using RP. The RA metabolite 13-cis-4-0x0-RA showed the highest increase in plasma
concentration of about nine times the pre-treatment levels. 13-cis-RA showed a mean
plasma level increase of about six times the pre-treatment levels. Another study showed
stationary plasma concentrations of 13-¢is-4-ox0-RA during the day independent of the
interval after retinoid intake, whereas 13-¢is-RA showed considerable fluctuations of
plasma levels during the day after retinoid intake (Eckhoff ef af. 1991). A well-known
problem in clinical chemoprevention trials is that it is troublesome to monitor patient
compliance adequately. This monitoring is in most trials realized by questioning patients
about taking their chemopreventive medication or by pill count. Both methods are
subjective and the reliability of these methods is questionable. Earlier studies already
showed increasing levels of RA and its metabolites after supplementation of retinol or
RP (Eckhoff and Nau 1990, Tang and Russell 1991). Because of its high increase of
levels 13-cis-4-0x0-RA seems a very suitable candidate to serve as an objective plasma
marker to monitor patient compliance in future chemoprevention trials involving RP and
possibly other retinoids.

Four patients were evaluated more than 1 year after the onset of RP treatment.
Patients randomized in one of the RP arms of the EUROSCAN trial begin to use 300,000
IU RP daily during 1 year. In the second year this dose is reduced to 150,000 IU RP
daily. As expected, plasma levels of all-frans-RA and its metabolites 13-cis-RA and
13-cis-4-0x0-RA were lower in comparison with the plasma levels in the first year of
treatment. Surprisingly, retinol levels in the patients still receiving the relatively high
dose of 150,000 TU RP daily were reduced compared with the pre-treatment levels in
three of the four patients, suggesting an elevated metabolism of RP in the body after a
prolonged period of RP supplementation.

A well-known problem in chemoprevention trials using retinoids is the occurrence
of serious side-effects in a number of patients. In our group of patients, using 300,000
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[U RP daily, side-effects were present in two patients. Plasma levels during RP treatment
of patients who experienced side-effects were comparable with the levels of the patients
without side-effects. An explanation of this observation could be that plasma levels of
retinoids do not correlate with the intracellular retinoid levels of epithelial cells. The
pre-treatment levels of 13-cis-RA and 13-c¢is-4-0x0-RA were the highest in the two
patients with side-effects. Both are metabolites of all-frans-RA, which suggests an
increased basal retinoid metabolism in these two patients. The numbers of patients with
side effects is small in this study and more research is required to confirm this
observation.
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Abstract

Retinoids can reverse potentially premalignant lesions and prevent second primary tumors
in patients with head and neck squamous cell carcinoma (HNSCC). Furthermore, it has
been reported that acquired resistance to all-trans-retinoic acid (RA) in leukemia is
associated with decreased plasma peak levels, probably the result of enhanced retinoid
metabolism. The aim of this study was to mvestigate the metabolism of retinoids and
relate this to growth inhibition in head and neck squamous cell carcinoma (HNSCC).
Three HNSCC cell lines were selected on the basis of a large variation n the all-trans-RA
induced growth inhibition, Cells were exposed to 9.5 nM (radioactive) for 4 and 24 h, and
to | and 10 uM (non-radioactive) all-frans-RA for 4, 24, 48 and 72 h, and medium and
cells were analyzed for retinoid metabolites. At all concentrations studied, the amount of
growth inhibition was proportional to the extent at which all-trans-, 13- and 9-cis-RA
disappeared from the medium as well as from the cells. This turnover process coincided
with the formation of a group of as yet unidentified polar retinoid metabolites. The level
of mRNA of cellular RA binding protein-1I (CRABP-II), involved in retinoid
homeostasis, was inversely proportional to growth inhibition. These findings indicate that
for HNSCC retinoid metabolism may be associated with growth inhibition.

Introduction

Retinoids are a class of compounds that consists of the natural vitamin A derivatives, such
as retinol, retinal, retinoic acid (RA) and their various metabolic products, and the
synthetic derivatives that are structurally related to these natural compounds (Dawson and
Hobbs 1994), Natural retinoids are important for normal epithelial cell differentiation. A
low vitamin A (retinol) plasma level and a low dietary intake of retinoids have been
proven to be risk factors in various carcinomas (Hong and Itri 1994). Many studies report
inhibiting effects of exogenous retinoids on the induction and progression of cancer in
various tissues (Lotan 1993). As for solid tumours, retinoids are particularly important for
head and neck squamous cell carcinoma (HNSCC) (Benner ef al. 1993). Three retinoids,
| 3-cis-retinoic acid (13-cis-RA) (Hong ef al. 1986), retinyl palmitate (Stich ef al. 1988)
and all-trans-retinoic acid (all-frans-RA) (Koch 1978) cause responses in 40 to 70 % of
patients with leukoplakia, the most common premalignant lesion of the mucosa of the oral
cavity (Van der Waal 1992), It has also been demonstrated that administration of 13-¢is-
RA could successfully prevent and/or delay the occurrence of second primary tumors in
the upper aerodigestive tract (Hong ez al. 1990). In a chemotherapeutic approach., single
agent 13-cis-RA has limited activity in advanced squamous cell carcinoma of the head
and neck (Lippman et al. 1988). Thus far retinoids appear to be active in early stage
HNSCC but their utility is limited by the inter-patient variability not enly with respect to
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response and but also to side effects. Another characteristic of treatment of HNSCC with
retinoids is that discontinuation of treatment leads invariably to recurrence of the lesion
(Hong and Itri 1994).

It is not known how retinoids are actually able to regulate growth control. The
association between vitamin A deficiency and the development of cancer suggests that
the intracellular retinoid dependent pathways play a role in cancer development. Most of
the actions of retinoids are thought to result from changes in gene expression mediated
by nuclear retinoic acid receptors (RARs) and retinoid X receptors (RXRs) (Mangelsdorl
et al. 1994). Retinoids bind fo these receptors, which act as transcription factors upon
dimerization. The expression of one such receptor, RAR-B, as determined by in situ
hybridization is selectively absent in 31 of 52 leukoplakia cases and can be restored by
treatment with 13-¢is-RA (Lotan ef al. 1995), Restoration of expression is associated with
a clinical response to 13-cis-RA. Pretreatment levels of RAR-f3, however, did not predict
the clinical response (Lotan ef al. 1993). Sixty-five percent of clinical HNSCC samples
show a lack of RAR-[3 expression, as judged by in situ hybridization (Xu ef a/. 1994). No
association, however, was found in HNSCC cell lines between all-frans-RA sensitivity
and the expression of RARs, RXRs and the cellular retinoic acid binding proteins
(CRABP) (Zou et al. 1994).

All-frans-RA  induces complete remission in most patients with acute
promyelocytic leukemia. However, relapses are frequent and resistance to the drug is
usually developing. This resistance is associated with unexpectedly low plasma levels of
retinoids despite continued treatment (Muindi et a/. 1994). The inter-individual variation
in retinoid pharmacokinetics was already known from studies of others (Lee er al. 1993,
Adamson et al. 1993a, Eckhoff ef al. 1991) and it is hypothesized that the variability for
the pharmacokinetics of all-frans-RA may result from differences in catabolic rates
determined or influenced by genetic or environmental factors. Thus, a poor metabolism
may be associated with a response, while enhanced retinoid metabolism is associated with
acquired therapy resistance (Muindi e al. 1994). CRABP-II levels may be the cause of
this resistance, since increased levels of this enzyme have been found in tumor cells of
relapse patients treated with all-trans-RA (Delva et al. 1993). Also the oxidative
breakdown via the cytochrome p430 enzyme system is a possible explanation (Rigas ef
al. 1993). Two lines of evidence for the latter possibility have been provided: a 10-fold
increase of the 4-oxo-all-trans-RA glucuronide has been found in the urine of the relapse
patients (Muindi e a/. 1994) and ketoconazole and liarozole, inhibitors of the cytochrome
P450 system, are able to attenuate this catabolism (Rigas et al. 1993, Wouters ef al. 1992).
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In vitro, a variation in growth inhibition after an exposure of HNSCC to all-trans-
RA has been reported (Jetten ef al. 1990, Sacks et al. 1995) and thus far this variation can
not be explained (Zou et al., 1994). The aim of this study was to investigate the presence
or absence of a variation in retinoid metabolism between HNSCC cell lines and whether
this is related to the degree of growth inhibition by all-frans-RA.

Materials and methods

Cell lines

HNSCC cell lines were obtained from Dr TE Carey. University of Michigan, Ann Arbor, MI, USA and
are described elsewhere (Carey 1985). UM-SCC-14C originated from a local recurrence of the floor of the
mouth, UM-SCC-22A and -35 from hypopharyngeal tamors. Cells were routinely cultured in DMEM
(Dulbecco’s modified Eagle’s Medium, ICN Biomedicals, Ltd, Irvine, UK) with 5% Fetal Calf Serum
(FCS, Flow Laboratories) in 75 em” flasks (Nune, Roskilde, Denmark). Cellular doubling times were 26
h for UM-SCC-14C, 52 h for UM-SCC-35 and 34 h for the UM-SCC-22A cell line.

Chemicals

All-zrans RA was obtained from Acros Chimica (Geel, Belgium), 4-oxo-trans- and -cis-RA were kind gifis
of Hotfmann-la Roche, Basel, Switzerland; retinol and 13-cis-R A were obtained from Sigma (St Louis,
MO, USA). All compounds were dissolved as a 107 M stock in dimethylsulfoxide (DMSO, JT Baker,
Deventer, the Netherlands) and stored at -80°C. For each experiment freshly prepared solutions were made,
the first (107 M) being made with DMSO. Subsequent dilutions were prepared in cell culture medium. All
handling with retinoids was performed in subdued light, tubes were wrapped in aluminum foil and
oxidation was prevented by replacing the air by No.

Cell growth inhibition studies
Effects on the growth of HNSCC cells were determined by applying the Sulforhodamine B (SRB) assay.
Details of the assay that measures the cellular protein content reflecting the actual cell number, has been
previously deseribed (Braakhuis et al. 1993). In short, cells were plated at a concentration of 1500 (UM-
SCC-14C), 2000 (UM-SCC-224) and 3000 (UM-SCC-35) cells/well in 150 pl DMEM and 5% FCS, and
were allowed to attach and grow for 72 h (the “lag-phase™). After this phase, it was found that control (only
incubated with culture medium) cell growth was logarithmic for a period up to 96 h. Consequently, all-
frans-RA was added in 50 (11 medium resulting in a final concentration that varied between 107 and 10”
M. Growth was assessed atter 72 h (the “log-phase”), by staining the cellular protein with SRB (Sigma)
and spectrophotometric measurement of the absorption at 540 nm with a microplate reader. 1C;p-values
were estimated based on the absorption values and defined as the concentration that corresponded to a
reduction of growth by 50% as compared to values of unireated contral cells. When using the highest
concentration of all-trans-RA, a 1% DMSO solution was present in the cell culture medium. Control
experiments showed that exposing the cells (o this level of DMSO without all-frans-RA leads to a growth
inhibition of between 10 and 25 %.

In a separate set of experiments the effect of conditioned medium was tested on the growth rate
of UM-SCC-14C and -35 cells. For that purpose near-confluent tlasks with UM-SCC-35 and -14C cells
were exposed to 10 and 10* M all-trans-RA for 24 h. These conditioned media were added to cells
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growing in 96-well plates that were about to start their log phase. The cells were exposed to this
conditioned medium for another 72 h and the level of growth inhibition was determined by the “SRB-
assay”, as described.

Exposure to radioactive all-trans RA

Near-confluent cultures, growing under normal conditions, were treated for 4 and 24 hr with 9.5 nM
[11.12-H]all-trans-RA (Dupont NEN Research Products, Dordrecht, the Netherlands, specific activity
52.1 Cifmmol). After incubation the medium was removed and saved at -80°C. Cells were rinsed with
phosphate buffered saline (pH 7.4, PRS), scraped in 1 ml PBS and collected by centrifugation. Cell pellets
were stored af -80°C until extraction. Retinoids were extracted and analyzed by reverse-phase reversed-
phase high-performance liquid chromatography (HPLC) as described (Pijnappel ef al. 1993). The
following standards were included: 13- and 9-cis- and all-zrans-RA. The experiment was performed in
duplicate.

Exposure to non-radioactive all-trans-RA
Cells were cultured to near confluence in 75 cm® flasks with 3 ml medium (DMEM plus FCS). The cells
were exposed to 10 and 1 uM all-trans-RA. At each time point (0, 4, 24, 48 and 72 h) 500 pl of the
supernatant was taken from a separate flask and stored at -80°C in the dark until analysis. For the analysis
of the intracellular concentration of retinoids, the flasks were washed two times with fresh phosphate
buftered saline (PBS, pH 7.4}, and the cells were trypsinized. The number of living cells (determined with
trypan blue) was calculated. cell pellets were washed two times with PBS and stored at -80°C in the dark.
Non-radioactive retinoids were determined by reversed-phase HPLC after extraction with
acetonitrile (Teerlink ef al., submitted). A Waters (Milford, MA, USA)} HPLC system was used, consisting
of a Model 717 plus automatic sample injector, a Model 616 gradient pump, a Model 486 UV delector,
and a temperature control module and column heater. Mobile phase was degassed online using a model
DG2410 degasser from Uniflows (Tokyo, Japan). Millennium 2010 software from Waters was used for
instrument control and data acquisition. Separation was performed on a Spherisorb ODS2 3 pum column
(100 * 4.6 mm) from Phase Separations (Deeside, UK) maintained at 30°C. Composition of the mobile
phases and the binary gradient used were as described by Eckhoff and Nau (1990). UV detection was
performed at 340 nm and retinoids were identified using external standardization. We included the
following standards: 4-oxo-frans-RA, 4-oxo-cis-RA. 13-¢is-RA, all-trans-RA, and retinol, Since we
intended to measure also the levels of unknown retinoid metabolites, the results were expressed as a
percentage of the fotal area under the curve of the relevant part of the chromatogram (retention time
between 6 and 30 min).

Measurement of CRABP mRNA levels

Total RNA was isolated from cultured cells according to Gough (1988). 20 pg of total RNA was loaded
on an 1% agarose formaldehyde gel and electrophoresed in 3-(N-morpholine)propane sulfonic acid
(MOPS) bufter essentially as described by Sambrook ef al. (1989). The RNA was Northern blotted by
capillary transfer in 10x saline sodium citrate (SSC) (Sambrook et af., 1989) onte genescreen plus filters
{Dupont NEN), The filter was baked for 2 h at 80°C, prehybridized in 7% sodium dodecyl sulfate (SDS),
0.5 M sodium phosphate buffer, 2 mM ethylenediaminetetraacetic acid (EDTA), pH 7.0 for 2 h at 65°C,
and afler addition of the denatursd probe hybridized at 65°C for 16 hr. The probes were made by labeling
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the isolated 0.6 kb Xbal/BamHI fragment containing the human CRABP-I1 cDNA (Astrim er af. 1991),
the 1 kb EcoRI fragment containing the human CRABP-IT cDNA (Astrom et al. 1991), and the 0.2 kb
fragment containing part of 1858 rRNA ¢DNA with [(1-33P]dCTP to a specific activity of approximately 107
dpm/pg by multiprimed elongation (Feinberg and Vogelstein 1983). Afier hybridization the filters were
washed twice with 2x §8C, 0.2% SDS and twice with 0.2x S5, 0.2% SDS at 65°C for 15 min, and the
bands visualized by autoradiography with Kodak X-AR 3 film using intensifying screens. 185 rRNA was
used as an internal standard to correct for the amount of RNA loaded on the gel.

Results

Inhibition of cell proliferation

The three HNSCC cell lines were selected for their considerable difference in their
response to all-trans-RA (Figure 1A). UM-SCC-35 was the most sensitive line with an
[Csp-value of 6.8 nM. UM-SCC-14C hardly showed any response, even after exposure to
the relatively high concentration of 10 M. The third line, UM-SCC-22A showed an
intermediate type of response, with a moderate growth inhibition at the broad
concentration range from 10” through 10 M.

125 Growth (%) i

100
75
50
25

[all-trans-RA] log M

125 Growth (%)

100
75
a0
25

0

R T A - R
[4-oxo-trans-RA] log M

Figure 1. The SRB-test was used to assess the antiproliferative effect for all-trans-RA in three HNSCC
cell lines (panel A). The growth inhibiting effect of 4-trans-oxo-RA on two HNSCC cell lines is shown in
panel B. Results of three separate experiments are indicated (mean + SD)
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Metabolism of 9.5 nM ‘H-all-trans-RA

The fate of "H-all-trans-RA was studied in the media and the cell pellets of all three cell
lines. The cells were exposed to 9.5 nM all-rrans RA, a concentration that is in the range
found in human plasma (Eckhoff et el 1991). The concentration of “H-all-trans-RA
decreased in the medium and the time dependency of this effect differed between the cell
lines (Figure 2), In UM-SCC-35 this decrease started at 4 h and Iead to a total loss at 24
h exposure (Figure 2, panels G and H). A similar decrease was seen for 9- and [3-cis-RA.
For this cell line the contribution of all-zrans-RA 1o the total amount of retinoids was
relatively low, being 22% at 4 h and 1.4% at 24 h. For the insensitive line, UM-SCC-14C,
the concentration of all-rrans-RA in the medium was the highest (19.5%) of all three cell
lines at 24 h (Figure 2, panels C and D) and for the UM-SCC-22A a somewhat lower
value (9.4%) was observed (Figure 2, E and F). The HPLC-method of analysis enabled
us to measure retinoid metabolites. In the media of the cell cultures a number of peaks
could be detected after 4 and 24 h exposure to *H-all-rrans-RA, corresponding to
retention times between 2 and 20 min (Figure 2). For UM-SCC-35 these peaks formed
at 24 h the majority (86 %) of the total of labeled retinoids. These polar metabolites were
less prevalent in the two other cell lines, being 49% and 68% for UM-SCC-14C and 22A,
respectively.

Since the intracellular recovery was rather low, varying between 0.2 and 2.5% of
the total amount of radioactivity added, only estimations of retinoid levels could be made.
Intracellular retinoid levels decreased in the course of time. UM-SCC-35 had the lowest
levels of intracellular retinoids, most of them being polar metabolites. The differences
between the lines, however, were not as large as seen in the media.

The observed decrease of retinoid levels in the cell culture media is mainly due to
retinoid turnover by the cells. Without cells the decrease in retinoid levels in the medium
was minimal (Figure 2, panels A and B).

Metabolism of I and 10 udM unlabelled all-trans-RA

When exposed to | uM all-frans-RA, retinoid metabolites were measured after various
time points ( Figure 3, Table I). The pattern is in general similar as was seen with the
exposure to the lower concentration, but the effect was less dramatic. Because now the
exposure time is longer, the kinetics of disappearance of the retinoids can be studied in
more detail. The disappearance of the major retinoids from the medium was highest for
the UM-SCC-35 cell line. After 24 h this is already very significant and reaches an
apparent plateau at 48 h with 10% of the original level. The disappearance of retinoids
from the other two cell lines is more gradual, UM-SCC-14C being the slowest (Figure 3).
With regard to the composition of the retinoids a shift could be observed: the
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Figure 2. HPLC chromatogram after 4 (left) and 24 h (right) exposure to 9.5 nM *H-all-trans-RA.
Results are expressed in cpm on the Y-axis after multiplication with 10®. Note the difference in
disappearance of retinoids and formation of metaboiites between the cell lines. Dala are shown of the
culture media. We included the following standards with the corresponding retention times in minutes: 13-
cis-RA (24.3), 9-cis-RA (25.5), all-frans-RA (26.2). A and B: medium without cells, C and D: UM-SCC-14C,
E and F: UM-SCC-22A and G and H: UM-SCGC-35. This experiment was performed in duplicate, a
representative experiment is shown.
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Figure 3. Measurement of retinoids in cell culture media after various periods of exposure to 10°
M all-trans-RA. Upper panel: values are expressed as a percentage of the total area under the curve of
the relevant part of the chromatogram (retention time between 6 and 30 min, see Fig. 4); T=0 has been
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contribution of the unidentifiable polar metabolites, visible as a number of peaks with
retention times between 6 and 21 min actually increased. These metabolites could be
detected for all three cell lines, but was most remarkable for UM-SCC-35, followed in
order by UM-SCC-22A and -14C. An example of a HPLC-chromatogram of UM-SCC-35
after 24 h exposure is given in Figure 4.
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Figure 4. HPLC chromatogram of the cell culture medium of UM-SCC-35, 24 hr after exposure to
10° M all-trans-RA. Peaks: 1: all-trans-RA; 2: 9-cis-RA; 3: 13-cis-RA: 4: retinol: 5: 4-oxo0-13-cis-RA. Note
the unidentified peaks between & and 21 min.
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Afler exposure to 1 pM all-frans-RA, UM-SCC-35 had the lowest and UM-SCC-22A the
highest levels of intracellular retinoids. The intracellular concentrations were too low to
account for accurate measurements. Generally speaking, retinoid levels decreased in the
course of time, but no polar metabolites could be detected.

When the cells of the three cell lines were exposed to 10 uM all-trans-RA, the
pattern seen was similar to that with the 1 uM exposure experiments (data not shown).

Growth inhibition by relinoid metabalites
We wished to investigate whether growth inhibition in the UM-SCC-35 cell line could
be caused by the excessive formation of one or more toxic retinoid metabolites. To test
this hypothesis we performed two types of experiments. Two cell lines were exposed to
a well known polar metabolite of all-trans-RA, 4-oxo-frans-RA. This compound was
found to induce growth inhibition in the UM-SCC-35 cell line (Figure 1B), although to
a lesser extent when compared with all-frans RA, [Csp-values being 39.0 and 6.8 nM,
respectively (Figure 1A). This metabelite was not active in the UM-SCC-14C cell line.
In a second set of experiments we argued that UM-SCC-35 cell might produce
toxic metabolites and that these were released into the medium. Therefore, UM-SCC-35
cells were exposed for 24 h to 10 and 10* M all-frans-RA and it was found that this
medium, when added to virgin UM-SCC-14C cells, minimally affected growth of these
cells (Figure 5). Incubation of UM-SCC-35 cells with conditioned medium of UM-SCC-
14C cells (after treatment with 10* M), however, caused a stronger antiproliferative effect
when compared to the medium derived from UM-SCC-35 cell cultures. It appears that
newly formed retinoids are less potent with respect to growth inhibition than the parent
compounds they were derived from, but it must be added that the concentration of these
metabolites is significantly lower on an individual basis as compared to the parent retinoid
(table 1).

Measurement of CRABP expression

CRABP-I and -1 are proteins involved in retinoid homeostasis and they may be important
with respect to metabolism and growth inhibition. We therefore analyzed the CRABP-I
and -Il expression by Northern blotting and hybridization. CRABP-1 had undetectable
transcript levels in all cell lines, confirming previous results (Zou et af. 1994), The
analysis of CRABP-II showed that UM-SCC-35 had considerably lower transcript levels
than the other two cell lines (Figure 6). Exposure of 24 h with 10° M all-frans-RA had

an apparent down regulating effect on CRABP-IT mRNA levels in UM-SCC-14C and -
22A.

66

Retincids in head and neck cancer

150 A | B
-
e
S 100 ey
=
5
°o 50
& -

0 Vit

35 14C 35 14C

Figure 5. The results of the effects of conditioned media are expressed as a percentage of the control
{untreated) cellular growth. Cells grown in culture flasks wers exposed for 24 h with 10% M (solid bars)
or 10° M (hatched bars) all-trans-RA to provide the conditioned medium (derived from UM-SCC-14C
[panel A] and UM-SCC-35 [pane! B]). The conditioned medium was added to cell cultures set up in 96 well
plates and after a period of 72 h exposure the proliferation rate of the cells was measured. Cell growtn
was measured with the SRB-assay (see Materials and Methods). The mean of two experiments with SD
is shown. For the sake of clarity the UM-SCC- prefixes in the designations of the cell lines were amitted.

Figure 6. mRNA expression of CRABP-Il was determined with Northern blot in three HNSCC cell
lines. Cells were untreated (-) or treated with 10° M all-trans-RA (+) for 24 fir, 18S rRNA was used as a
reference to correct for the amount of RNA lcaded on the gel. For the sake of clarity the UM-SCC- prefixes
in the designations of the cell lines were omitted.
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Table 1. HPLC-analysis of cell culture medium after exposure to 10" M all-trans-retinoic acid
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Discussion

In this study of three HNSCC cell lines, it was shown that the extent of all-frans-RA
induced growth inhibition is proportional to a decrease of retinoid levels in cells and the
corresponding culture medium. In the culture medium without cells which was taken as
a control, the extent of retinoid disappearance was minimal, leading to the interpretation
that the removal of retinoids from the medium is a cell mediated process. This
disappearance of retinoids coincided with the production of retinoid metabolites,
detectable in the medium. Thus, the major finding of this study is that the extent of
metabolism is proportional to the degree of growth suppression. This suggests that
retinoid metabolism is associated with growth inhibition. Interestingly, this relation has
also been found for breast carcinoma cell lines (Takatsuka et al. 1996, van der Leede et
al. 1997)

It has been reported that in a proportion of patients treated continuously for
leukemia with all-zrans-RA have lower blood plasma retinoid levels at 28 days than
during the first cycles of treatment (Muindi e 4l 1992). This lowering of retinoid plasma
levels 1s proposed to be the result of an induced metabolism that eventually leads to the
development of therapy resistance (Martini and Murray 1993). So, hypothetically, two
phenotypes of “rapid™ and “slow catabolizers” can be discriminated in the population of
leukaemia patients (Rigas ef @/ 1993). Our present data, however, indicate, that the ability
of HNSCC cells to metabolize is not related to resistance but rather to a growth inhibitory
effect. This paradox may be explained by the fact that various cell types could differ in
retinoid requirement, turnover and induction of growth inhibition, as has been shown for
the first two aspects to be the case for a variety of tissue types (Kurlandsky er al. 1995).

Membrane transport is most likely not an important variable in explaining a
difference in growth inhibition. Retinol and retinoic acid are preferably bound to proteins
and passive diffusion most likely determines cellular uptake (Blaner and Olson 1994).
Differences in uptake between the cell lines that have been studied in the present report,
however, can not be excluded, and a 63 kD receptor, recently described to be involved in
retinol uptake (Bavik ef /. 1993), may be involved in this process.

An important question which remains to be answered is whether metabolism is the
cause or the consequence of growth modulation. First, the hypothesis can be formulated
that intracellular turnover of retinoids is the driving force causing growth inhibition. In
case of sensitivity, as soon as retinoic acid enters the cell in either the cis- or the frans-
form, it is very efficiently metabolized to one or more cytotoxic polar compounds. In the
most sensitive line studied here turnover is very efficient: at the physiological
concentration of 9.5 nM the majority of the original concentration of all detectable
retinoids has disappeared from the medium after 24 h. The remainder of the labeled
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compound may have become (oo polar to be detected with the presently used eluent. In
the culture medium of this sensitive cell line the majority of the detectable retinoids is
present in the form of 'polar metabolites'. Tt is conceivable that a sensitive cell line has a
relatively high expression of the enzymes involved in metabolism, like oxidative enzymes
like the cytochrome P450s (Rigas et al. 1993, Martini and Murray 1993). The question
arises whether unidentified metabolites also have growth inhibitory activity. Although it
has been reported that the 4-oxo-retinoic acid derivatives are considered breakdown
products in humans (Eckhoff et al. 1991), these molecules have also a transcription
activating capacity (Pijnappel ef a/. 1993). In addition, 4-oxo-derivation of retinal to 4-
oxo-retinaldehyde and the subsequent conversion to 4-oxo-retinoic acid and 4-oxo-retinol
is suggested to be an important step during Xenopus embryogenesis (Blumberg ef al.
1996). This latter study also showed that all these 4-oxo products had were able to bind
to and transactivate RARs. Our results show that also oxo-derivatives have growth
inhibiting capacity (Figure 1B). The experiments with conditioned medium provided no
evidence that the sensitive UM-SCC-35 cells produced a “suicide” retinoid. The lack of
effect of the conditioned medium to produce growth inhibition, however, could be
attributed to the fact that the levels of the specific metabolite were too low, perhaps
because of further degradation. The peaks corresponding to the levels of the known 4-
oxo-oxidation products were rather low.

A second hypothesis can be formulated on the relation between growth inhibition
and metabolism. Retinoid metabolism is a secondary event and is an attempt of the cell
to neutralize the growth inhibiting effect. In this scenario all-trans-R A and/or 13-cis-RA
are the key retinoids that cause growth inhibition and the other metabolites must be
considered as breakdown products. This hypothesis is further supported by the notion that
conditioned medium of the insensitive cell line containing high levels of all-frans- and
13-cis-RA, appeared to be still very growth inhibitory for the UM-SCC-35 cells. Also the
expression of CRABP-II mRNA is in further favor of this hypothesis. It has been
suggested that CRABP form an intracellular buffer if the RA concentration exceeds a
certain level (Delva er al. 1993, Astrom er al. 1991, Blaner and Olson 1994, Bavik et al,
1993, Adamson er al. 1993b, Napoli et af. 1995, Griffiths ef al. 1993). The present study
supports this theory, since the most sensitive cell line was found to have the lowest levels
of CRABP-II, and the addition of more RA failed to increase its synthesis. In contrast,
Zou etal. (1994) rcported that CRABP-II expression was not related to retinoid
sensitivity in four HNSCC cell lines. An argument against the relation between high
CRABP-IT levels and insensitivity is the fact that all-trans-RA treatment does not up- but
rather downregulate CRABP-IT mRNA expression. This phenomenon has already been
observed for other epithelial cell lines (Zou et al. 1994 and Sanquer e al. 1993). The data
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altogether suggest that CRABP expression can be important, but that no general rule Gt
be formulated. Further studies should elucidate the importance of these molecules and it
cannot be excluded that the amount of protein is more decisive than the level of
transcription, The positive correlation between an CRABP expression and metabolism as
has been found for CRABP-I in F9 teratocarcinoma stem cells (Boylan and Gudas 1992)
is in contrast with the presently reported results. The differences in the types of cells and
the function of these proteins may explain this discrepancy.

The levels of retinol in the medium of UM-SCC-35 cells remain high during the
course of the exposure and deserve special attention. The relatively low consumption of
retinol from the medium of UM-SCC-35 suggests that the cells are not able to use retinol
as a retinoid source to produce retinoic acid. A Tow actlivity of one or more SHZyIHES (.JF
the group of alcohol-dehydrogenases, involved in the conversion of retinol to retinoic acid
may be responsible for such an effect (Napoli et a/. 1995, Harding and Duester 1992). As
a consequence the cells may have adapted themselves to low intracellular levels of all-
irans-RA. Theoretically, any excess of all-zrans-RA is not adequately buffered and may
lead to cell death. This concept is in favor of the hypothesis that metabolism 1s a
secondary event. .

One can only speculate about the mechanism responsible for retinoid mdm?ed
growth inhibition. Studies on leukoplakia by Lotan ez al. (1995) suggest that the induction
of expression of RAR-[} is important for growth suppression. The same group, however,
could not find such a correlation when studying malignant HNSCC cell lines (Xu ef al.

1994), We have also found no indication that the expression per se or induction by
retinéic- acid of RAR-a and -y, and RXR-a is related to sensitivity of the cell lines used
(Copper ef al. 1998). RAR-p mRNA levels were too low to be measured. A recei.Jt f{l i.ff"f!"o
study on breast cancer cells showed that RAR-a antagonists were as efficient in mh?bltmg
growth as agonists (Dawson et al. 1995). This indicates that binding of a retinoid tf’ a
RAR may be important but that transcriptional activation on a retinoic acid responsive
clement (RARE) is not a prerequisite. It is not clear whether this finding can be
extrapolated to the in vivo situation and whether it can be extended to other tumour types.
No indications are available that RAR-¢ is important in growth inhibition of INSCC.
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Abstract

Retinoids show promise in the treatment of various (pre)malignancies, including head
and neck squamous cell carcinoma (HNSCC). Previous studies have shown that
metabolic pathways of retinoids are important in the anticancer effect of retinoids, and
that these pathways may change during carcinogenesis. In the present study, we
analyzed HNSCC cell lines (n = 11) and normal oral keratinocyte cultures (n = 11) by
reverse-phase HPLC and conducted growth inhibition assays. We demonstrate here
that in contrast to normal oral keratinocytes, HNSCC cell lines: 1) had a on average
17-fold greater turnover rate of RA, 2) had a 1.9-fold less RA-induced growth
inhibition, 3) were able to form polar metabolites, and 4) were able to catabolize 4-
oxo0-RA. Furthermore, the mRNA expression of the RA specific 4-hydroxylase,
CYP26AI1, was dramatically increased after RA-induction in the two HNSCC cell
lines with the highest metabolism, was undetectable in normal keratinocytes, and was
not inducible by RA. Next, introduction of CYP26A1 ¢cDNA in a low-metabolizing
HNSCC cell line resulted in a 11-fold higher turnover rate of RA and a 12-fold
increased amount of polar metabolites, but did not change sensitivity to RA. These
observations point to fundamental changes in RA metabolism pathways during
HNSCC carcinogenesis and may provide clues to a more rational approach for RA-
mediated intervention.

Introduction

Over the years, basic and clinical research have improved the understanding of the
role of retinoids in normal, premalignant and malignant growth. Retinoids, the natural
and synthetic analogues of vitamin A, exert a wide range of biological actions, and are
crucial for the regulation of epithelial growth and differentiation (Lotan 1980, De
Luca 1991). When it was found that vitamin A deficiency resulted in hyperplasia and
hyperkeratosis of oral mucosa (Graham 1984), the interest in retinoids in relation to
oral carcinogenesis increased. Retinoids were demonstrated to reverse malignant
growth in vizro and in vive (Lotan 1996, Moon ef al. 1994) and were effective as
chemopreventive agents (Hong e al. 1990). Retinoids could successfully be used to
treat oral leukoplakia (Lippman et al. 1988), a potentially premalignant mucosal
lesion, and the occurrence of second primary tumors following HNSCC could be
inhibited or delayed (Hong et al. 1995). These second primary tumors, which occur at
an incidence rate of 2 to 3% per year, are a major cause of death following surgical
resection of early-stage head and neck cancer (Snow 1992). Although retinoids exhibit
clinical activity, some limitations became apparent: they are active in only a
proportion of individuals with a high cancer risk, they are marginally active in
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advanced cancer, and they can have serious side effects (Hong and Itri 1994). These
variations in positive and negative effects might be explained by differences in the
metabolic pathways either between individuals or between normal versus malignant
tissues. To enhance the efficacy of retinoids, the basis of these differences needs to be
elucidated.

The emergence of acquired clinical resistance to retinoids in acute promyelocytic
leukemia has been related to the induction of oxidative catabolism by CYPs (Muindi
and Young 1993). In the plasma of the patients with remission, increased levels of
oxidized retinoid metabolites like 4-OH-RA could be detected. Recently an RA-
inducible CYP gene, CYP26A1, was discovered (Ray er al. 1997, White et al. 1997)
that has high specificity for all-frans-RA (Marikar er @l 1998). This enzyme is
responsible for the oxidation of RA to 4-OH-RA, 18-OH-RA, and 4-oxo-RA.
Analysis of CYP26A1 mRNA expression in a number of human tumor cell lines
showed that it is variably expressed in a constitutive manner, and that it can be
induced by RA treatment (White ef al. 1997). These findings suggest that CYP26A1 1s
the key enzyme for catabolism of RA to 4-hydroxylated products, and its differential
expression might explain differences in RA metabolism and growth inhibition
between cell types.

Little is known about retinoid metabolism and the activity of CYP26Al in
normal and malignant oral keratinocytes. Studies on epidermal keratinocytes show
that, except for the immortalized human keratinocyte HaCaT cell line, no or low
mRNA levels of CYP26A1 were found, and it was not inducible by RA (Marikar et
al. 1998, Popa et al. 1997). Earlier work of Randolph and Simon (1997) demonstrated
that human keratinocytes form products that are more polar than 4-OH-RA and 4-oxo-
RA, and carbon four metabolites were not detected. These authors suggested that the
incapacity of detecting carbon four metabalites could be obscured by a very active RA
metabolic pathway in these cells.

Recently, the work of Guo and Gudas (1998) indicated that retinol metabolism is
different between normal and malignant oral cpithelial cells. These authors reported
that cultured normal epithelial cells esterify retinol to a much greater extent than the
carcinoma cells. The reduced ability of the carcinoma cells to esterify retinol could
reflect a phenotypic change that is required for malignant transformation.

In the present study we, related RA metabolism quantitatively and qualitatively
to the extent of growth inhibition by RA and the mRNA expression of CYP26A1 in
HINSCC cell lines and normal oral keratinocytes obtained from non-cancer patients.
Our results show that RA metabolism is fundamentally different in normal and
malignant epithelial cells of the head and neck region.
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Materials and methods
Chemicals

All-trans-RA was obtained from Acros Chimica (Geel, Belgium), retinol, retinal and 13-¢is-RA from
Sigma (St. Louis, MO); 5,6-cpoxy-RA, 4-oxo-all-frans-RA and 4-ox0-13-¢is-RA were gifts from Dr
UH Wiegand (Hoffmann-la Roche, Basel, Switzerland); 4-hydroxy-RA and 18-hydroxy-RA were gifts
from Dr L Foley (Roche Pharmaceuticals, Nutley, NI). All compounds were dissolved in dimethyl
sulfoxide (DMSO) and stored as 107 M stock at -80°C under nitrogen. For each experiment, working
dilutions were prepared freshly in the appropriate cell culture medium. Final DMSO concentration
was always lower than (.1% and did not affect cell growth. [11,12-°H(N)]all-t7ans-RA (35.8
Ci/fmmol) was obtained from NEN (Boston, MAJ. All handling with retinoids was performed in

subdued light and in the presence of 0.1% BSA to prevent absorption to plastics (Klaassen er al,
1999).

Cells and culture conditions

Primary oral keratinocytes were obtained from the uvulas of non-cancer patients who underwent
uvulopalatopharyngoplasty. Cells were isolated and cultured as described previously (Reid et al,
1997) in G-well culture plates in keratinocyte growth medium (KGM) (Life Technologies, Paisley,
UK) to which growth supplements, gentamycin sulphate (final concentration 5 upg/ml), and
amphotericin B (final concentration 0.5 pg/ml) were added (all from Life Technologies). Primary
cultures of keratinocytes were subcultured at 70% confluence in a dilution of 10° cells/well and were
used for experiments at passage 3. Human HNSCC cell lines UM-SCC-35, -22A and -14C were
provided by Dr TE Carey (University of Michigan, Ann Harbor, MI) and are described elsewhere
(Carey et al. 1990). Cell lines 92-VU-041, 92-VU-059, 92-VU-078, 92-VU-080, 93-VU-094, 93-VU-
096, and 93-VU-147 were established at the laboratory of Human Genetics, Vrije Universiteil,
Amsterdam, the Netherlands (Hermsen er af. 1996). The cell line VU-SCC-OE was established from
human HNSCC xenografts in our laboratory (Welters et al. 1997). HNSCC cells were maintained in
Dulbecco's modified essentinl medium (DMEM) (Life Technologies) supplemented with 50 U/ml
penicillin, 50 pg/ml streptomyein (pen/strep, Life Technologies) and 5% FCS (ICN Biomedicals,
Irvine, UK). '

Growth inhibition assays

The dose response effect on cell proliferation was determined with the sulphorhodamine B (SRB)
assay. Details of the assay have been described previously (Braakhuis et al 1993). In short, cells
(1000- 4000 per well) were plated in 96-well plates in DMEM/5% FCS or KGM/0.1% BSA for
HNSCC cell lines or oral keratinocyte cultures, respectively, and were allowed to grow for 72 h (the
“lag phase”). After this phase, the medium was replaced by medinm containing RA, with a final
concentration ranging from 10 to 10 M. Growth was assayed after 72 b incubation (the “log
phase”), by staining the cellular protein with SRB (Sigma) and spectrophotometric measurement of
the absarption at 540 nm with a microplate reader {Labsystems Multiskan, Helsinki, Finland), Only

experiments were included in which the untreated cells had doubled in cell number during the log
phase.
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Metabolism of all-trans-retinoic acid

Keratinocytes and HNSCC cells were plated at a density of 107 cells per well in 6-well plates. Upon
70 - 80% confluence, the medium was removed and replaced by medium containing 1 pM RA, being
KGM with 0.1% BSA for keratinocytes (Klaassen ef @l 1999) or DMEM with 5% FCS for HNSCC
cells. As a control, RA containing medium without cells was included during the incubation period.
From the medium, two samples of 350 ul were taken; and after removal of the residual medium the
cells were washed ance with phosphate-buffered saline and collected in 350 pl trypsin/EDTA. The
samples were stored at -80°C under nitrogen until retinoid extraction.

Retinoid extraction and HPLC analysis

Retinoids were analyzed by reverse-phase HPLC after extraction with acetonitrile, as described
previously (Teerlink et al. 1997). In short, to each sample, 50 pl of 1 M sodium acetate buffer (pH
4.0) and 600 ul acetonitrile was added, and after vortex-mixing, the samples were centrituged for 2 to
5 min at 3,000 g. Protein content of cell extracts was determined on the pellet with the Bio-Rad
protein assay (Bio-Rad, Hercules, CA). In total, 720 pl of the clear supernatant was transferred to a 2
ml glass autosampler vial, and afler addition of 240 ul water, the vials were capped, mixed by
inversion and put in the sample compartment of the autoinjector, which was cooled at 4°C, or stored
at —80°C under nitrogen. A Gynkotek (Gynkotek HPLC, Munich, Germany) HPLC system was used,
consisting of a Basic Marathon automatic sample injector, a Model M480G gradient pump, a Model
UVD 1708 UV detector, and a column heater (Mistral, Spark Holland, Emmen, the Netherlands). The
mobile phase was degassed online using a model GT103 degasser (Gastorr, Bad Honnef, Germany).
Chromelion software (Gynkotek) was used for instrument control and data acquisition. Separation
was performed on a 3-um Spherisorb ODS2 column (100 x 4.6 mm) from Phase Separations
(Deeside, UK) maintained at 30°C. Composition of the mobile phases and the binary gradient used
were as deseribed by Eckhoff and Nau (1990). UV detection was performed at 340 nm. Retinoids
were identified using exiernal standards. RA concentrations were quantified based on peak height.
Concentrations of RA in the standards was determined spectrophotometrically by measurement at A,
(350 nm) and use of the molar extinction coefficients (43,300) (Furr et al. 1994).

Determination of the turnaver rate of RA

The results of the HPLC analysis were submitted to stringent selection. Experiments were excluded
when medium controls (without cells) showed a decrease in RA of more than 60% in 48 h. The
amount of RA was calculated relative to the amount of the medium control at the start of the
cxperiment. The turnover rate was taken as the difference between 4 and 24 h, corrected for the
decrease in the medium controls during this period. Next, this relative amount was converted to
absolute amounts in pmol by use of the external standards. The turnover rate was expressed in pmol
per mg protein per hour.

Northern blotting

Of each sample 20 pg total RNA was separated on an 1% (w/v) formaldehyde agarose gel in 3-(N-
morpholino-)propanesulphonic acid (MOPS) buffer and transferred to a Qiabrane plus filter
(Westburg, Leusden, the Netherlands). RNA was cross-linked to the blot by UV, prehybridized for 1 h
at 65°C in 7% SDS, 0.5 M Na,HPO,/NaH,PO, (pH 7.2), and 1 mM EDTA and hybridized overnight
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at 65°C in the same solution after addition of 25 ng denatured labeled probe. The 1.9-kb Sall-EcoRl
fragment containing human CYP26A1 cDNA (13) was labeled with [¢-*P]dCTP by random primed
clongation. An 285 rRNA oligo was labeled with [y="P]ATP, as descibed by Sambrook et al. (1989),
to monitor the amount of RNA loaded on the gel. The blot was washed twice with 2 x SSC, 0.1% SDS
and twice with 0.2 x SSC, 0.1% SDS for 15 min at 35°C and autoradiographed at —80°C with
intensifying screens and/or phosphor screens at room temperature. Hybridizing bands were quantified
by & phosphor imager (Molecular Dynamics, Krefeld. Germany).

DNA transfection

UM-8CC-14C cells were cultured in 6-well plates in DMEM containing 10% FCS. Transfection was
performed using Lipofectin reapent (Life Technologies) following the manufacturer’s protocol. In
order to prevent clonal selection transient CYP26A| transfectants were generated. Cells were
transfected at 50-70% confluence with 10 ug pecDNA3/P450RAI expression vector (a gifl of Dr M
Petkovilch, Cancer Research Laboratories, Queens University, Kingston, Ontario, Canada), further
designated as pCYP26, and as a control 10 pg peDNA3J expression vector (Invitrogen, Carlsbad, CA).
After 4 h, medium was refreshed, and 24 h later geneticin (500 pg/ml; G418; Life Technologies) was
added to the cells. Resistant colonies were pooled 2 weeks later and cultured under prolonged G418
selection.
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Figure 1. HPLC profile of retinoid standard dissolved in water. Peak 1, 4-oxo-RA; peak 2, 4-oxo-
cRA; peak 3, 4-OH-RA; peak 4, 18-OH-RA; peak 5. 5.6-epoxy-RA; peak 6, 13-cis-RA; peak 7, 9-cis-
RA; peak 8, all-trans-RA; peak 9, relinol; and peak 10, retinal.
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Results

Turnover rate and response to RA in HNSCC cell lines and oral keratinocytes

The turnover rate of RA of eleven HNSCC cell lines and eleven OKCs obtained from
healthy individuals was determined following treatment with 1 pM RA for 4 to 72 h.
Retinoids were analyzed by reverse-phase HPLC with UV detection at 340 nm and
identified using external standards (Figure 1). The rate at which RA disappeared from
the medium and the formation of polar metabolites differed among the HNSCC cell
lines. As an example, in Figure 2 the HPLC profiles of RA and its metabolites found
in the medium after various incubation times are depicted for two HNSCC cell lines.
In 93-VU-080, RA had almost completely disappeared after 72 h, and polar
metabolites were observed afler 24 h, in 92-VU-078 polar metabolites were not found
before 48 h. The type of polar metabolites appeared to be the same based on the
retention times.
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Figure 2. The HPLC profiles of RA metabolites in medium of two representative HNSCC cell
lines. Cells were cultured in medium containing 1 pM RA for the indicated time periods. Retinoids
were extracted and separated by reverse-phase HPLC. The experiments were done at least three
times, and very similar results were obtained. Peaks were identified by external standardization:
Peak 1, 4-0x0-RA; peak 3, 4-OH-RA; peak 4, 18-OH-RA; peak 6, 13-cis-RA; peak 7, 9-cis-RA; peak
8, all-trans-RA; peak 9, retinol, Compounds corresponding to peaks with retention times between 10
and 15 min are designated as polar metabolites. Note that scale is chosen as such that not all peaks

are visible in full length.
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Table 1. Turnover en growth inhibition after exposure to 1 pM RA.

Metabolic studies: the turnover was determined by measuring the decrease in RA concentration
during the 4 and 24 h exposure period. The experiments were performed at least twice for the
HNSCC lines and once for the oral keratinocyte cultures. Growth inhibition studies: the growth was
measured with the “SRB-assay”. These dala are from at least two separate experiments.

Tumover RA
(pmol/mg protein/h) Growth (%)

Cell Line/ Culture Mean sD Mean SD
HNSCC Cell Lines

92-YU-041 141.0 8.6 92.8 58
92-VU-059 1241 8.2 95.8 9.2
92-vU-078 104.3 152 87.5 06
92-vU-080 421.5 739 g1.2 35
93-vU-094 307 1.5 35
93-vU-096 168.5 39 83.8 7.3
93-VU-147 43.8 64.7 7.0
UM-SCC-14C 133 9.2 96.5 5.2
UM-SCC-22A 104.8 67.9 729 3.7
UM-SCC-35 1016.0 413.2 16.4 10.5
VU-SCC-0E 558.9 152.5 56.9 3.3
Mean 246.7 75.4

Qral Keratinocyte Cultures

KEB9 295 ND"

K670 0.0 ND

Ke71 16.4 104 3.0
K672 7.9 ND

K873 0.0 53.0 18.4
K674 0.0 279 4.5
KE75 61.3 58.3 10.0
K679 0.0 ND

K704 28.9 32.9 3.6
K709 a5 36.9 51
K806 8.8 64.7 2.9
Mean 14.8 40.6

? Growth is expressed as a percentage of the growth of untreated cells
" ND, not determined
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Table 1 shows a summary of the turnover of RA for both HNSCC cell lines and

OKCs. Although a considerable variation in the rate of RA metabolism was observed
among individual HNSCC cell lines and oral keratinocyte cultures, the rate of RA
metabolism was, on average, about 17-fold greater in the HNSCC cell lines (mean,
245.4 pmol/mg protein/h) compared to normal keratinocytes (mean, 14.8 pmol/mg
protein/h).

To relate RA turnover rate with the response to RA, growth inhibition assays
were performed in which the cells were exposed to increasing RA concentrations for
72 h. In all cell lines, a concentration-dependent inhibition of growth was de-
monstrated. A summary of the growth assays are presented in Table 1 and expressed

as the pereentage of growth at 1 uM RA exposure for each cell line. On average,
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Figure 3. HPLC profiles of retinoid metabaolites. The medium of an HNSCC cell line {right) and an
oral keratinocyte culture (left) are shown, exposed to 1 pM RA for indicated periods of time. In
contrast to the normal cells, the tumor cell lines are characterized by a high turnover and the
occurrence of polar metabolites. The experiments were done at least three times and very similar
results were obtained. Peak 1, 4-ox0-RA; peak 2, 4-oxo-cRA; peak 3, 4-0H-RA; peak 4, 18-0OH-RA,;
peak 5, 5,6-epoxy-RA; peak 6, 13-cis-RA; peak 7, 9-cis-RA; peak 8, all-trans-RA; peak 9, retinol;
polar metabolites, metabolites corresponding with peaks with retention times between 10 and 15 min,
unidentifiad, unidentified polar metabolites corresponding with peaks with retention times between 5

and 10 min. Note that scale is chosen as such that not all peaks are visible in full length.
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HNSCC lines were about 1.9-fold less sensitive to growth inhibition by RA than
OKCs. In addition, in HNSCC cell lines a highly significant correlation (Pearson
correlation coefficient (R) = 0.78; P = 0.002) was found between RA turnover and
growth inhibition: a high growth inhibition was associated with a high turnover;
normal keratinocyte cultures did not show any significant correlation between RA
turnover rate and growth inhibition (data not shown).

Differences in RA metabolites between HNSCC cell lines and OKCs

In the medium, a difference in RA metabolites was found between HNSCC cell lines
and normal oral keratinocytes. Figure 3 shows the typical profiles of metabolites in the
medium of keratinocytes and HNSCC lines after various times of exposure to 1 pm
RA. In the HNSCC cell lines, polar metabolites were found, at retention times
between 10 and 15 min, that were identified as 4-oxo-all-frans-RA (4-0x0-RA), 4-
0x0-13-cis-RA  (4-ox0-cRA), 4-hydroxy-all-trans-RA (4-OH-RA), 18-hydroxy-all-
trans-RA (18-OH-RA), and one unidentified peak was found between 4-OH-RA and
18-OH-RA. Peaks at retention times between 5 and 10 min show the formation of
unidentified polar metabolites. All the peaks described above were not found in the
medium of the control samples without cells. In the normal oral keratinocyte cultures
no polar metabolites were detected in the medium. In the cellular fractions of HNSCC
cell lines and oral keratinocyte cultures no major differences in RA metabolites were
found. All-zrans-RA, was the predominant metabolite found in the cellular fraction of
both normal keratinocytes and HNSCC cells (Figure 4).

The lack of formation of polar metabolites in keratinocyte cultures was likely not
due to unfavorable culture conditions during the experiments, since we observed that
the cells looked normal and healthy and increased at least 1.5 fold in cell number
during the 48 h incubation period. A point that was of our concern was the difference
in culture medium. HNSCC cell lines were cultured in DMEM medium with serum
and normal oral keratinocyles in serum-free KGM medium. Serum contains low
concentrations of retinol, which could be of influence on the formation of RA
metabolites. The cell lines UM-SCC-14C, -22A, and -35 were cultured in KGM
medium for several passages and analyzed by HPLC after exposure to 1 uM RA. No
difference in metabolism was found in these cell lines as compared to metabolism in
DMEM medium with FCS (data not shown). Growing the oral keratinocyte cultures in
the presence of 2% FCS also did not result in the formation of polar metabolites.

We reasoned that the incapacity of observing polar metabolites in oral
keratinocytes was hampered by a low sensitivity of the detection method. Hence,
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Figure 4. HPLC profiles of retinaid metabolites in the cellular fractions. An OKC ( top) and an
HNSCC cell line (bottom) are shown, exposed to 1 um RA for 24 h. Peak €, 13-cis-RA; peak 7, 9-cis-
RA: peal 8, all-frans-RA; peak 9, retinol. For both cell types no polar metabolites were detected in
the cellular fractions. Note that scale is chosen as such that not all peaks are visible in full length.

sensitivity was increased by exposing the same oral keratinocyte culture and HNSCC
cell line shown in Figure 3 for various incubation periods to 10 nM ['H]RA. An
additional advantage of this method is that all visible peaks correspond to RA-derived
metabolites. The HPLC profiles of the RA metabolites of the HNSCC cell line again
show the formation of polar compounds (retention times between 10 and 15 min and 5
and 10 min), whereas these are not detectable in the normal keratinocytes (Figure 5)
nor in the medium control samples. The HPLC profiles of the HNSCC cell line and
the normal keratinocyte culture both show a peak at retention times between 0 and 5
min, suggesting the formation of very polar metabolites from RA.

Our results indicate that both OKCs and HNSCC cell lines can process RA, but
that their intermediate catabolites are clearly different. Whereas both cell types are
able to catabolize RA completely, in the normal keratinocyte cultures no polar 4-
hydroxylated products can be observed. These results suggest that either a)
keratinocytes catabolize these 4-hydroxylated products far more efficiently than
HNSCC cell lines, making these products undetectable; or b) the catabolism of RA
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Figure 5. [*H]-HPLC profiles of retinoid metabolites in the medium. An HNSCC cell line (right)
and an oral keratinocyte culture {f2ft), were exposed to 10 nM ["H]RA for various times. The profiles
of the HNSCC cell line showed the formation of polar metabolites (peaks corresponding to retention
times between 10 and 15 min) and unidentified, more polar matabolites (retention times between &
and 10 min), which could not or hardly be detected in the OKC. Both cell types indicate the formation
of very polar metabolites (VP, retention times between 0 and 5 min). Peak 6, 13-cis-RA; peak 7, 9-
cis-RA; peak 8, all-trans-RA. Note that scale is chosen as such that not all peaks are visible in full
length

in normal keratinocytes takes place through an alternative pathway. To explore the
first possibility, we added | pM 4-0x0-RA to the medium of HNSCC or oral
keratinocytes and documented its loss from the medium (Figure 6). The HNSCC cell
lines were found to catabolize 4-oxo-RA much more efficiently than the oral
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keratinocytes. In HNSCC cell lines, the 4-ox0-RA had completely disappeared after
24 h, whereas the concentration in the medium of the OKCs was similar to the control
(medium without cells). 4-oxo-RA was extensively isomerized to its cis-isoform, 4-
oxo0-cRA, even in medium without cells, and small amounts of 4-OH-RA were found
in the conditioned medium. It was observed that HNSCC cell lines were able to break
down polar products easily, whereas oral keratinocytes left these products almost
untouched. Failure of detecting polar metabolites in the conditioned medium of OKCs
after the addition of RA thus cannot be explained by the fast turnover of these polar
metabolites and suggest that turnover in oral keratinocytes takes place via another
metabolic pathway.

120
g
100
E \ —@— Control
4 e
g = \Lﬂ“":?:-m —
E 60r| H\‘:«*_
2 T s
£ _f\_ F=———g3 = nnscc
E - ‘-\\
g 20 R
) — |‘*. . T L g
g 10 20 30 40 B0 B0 7O &0

time (hours)

Figure 6. Kinetics of 4-ox0-RA metabolism. Cells were grown in the presence of 1 pM 4-oxo-RA.
Contral, medium without cells; OKC, oral keratinocyte culture; HNSCC, head and neck SCC line. The
HNSCC cell line catabolized 4-oxo-RA much more efficiently than OKC.

Expression of CYP26A41 mRNA

Recently, an RA inducible cytochrome P450 enzyme, CYP26A1, has been identified
that is highly specific for RA. To investigate whether the turnover rate of RA is
related to CYP26A1 levels, we examined the expression of CYP26A1 mRNA by
Northern blotting (Figure 7). UM-SCC-35 and VU-SCC-OE, both of which have a
relative high metabolism, showed h a very high level of CYP26A1 mRNA after
induction with 1 um RA for 24, whereas it is barely detectable in other cell lines and
not inducible by RA. In the normal keratinocytes, CYP26A1 was not detectable and
not inducible by RA. These results suggest that in the high metabolizing cell lines,
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VU-SCC-OE and UM-SCC-35. CYP26A1 is the major enzyme responsible for the
conversion of RA to polar metabolites.

Transfection of CYP2641 DNA

The pcDNA3/P450RAI vector and, as a control, the pcDNA3 vector were transfected
into UM-SCC-14C cells. Four transiently (G418-resistant) transfected populations of
pCYP26 and four of pcDNA3s were used for additional analysis. Next, metabolism
studies were performed to determine whether turnover rate of RA was changed and
whether polar metabolites were formed. In Figure8A the relative amounts of the polar
metabolites as compared to the total amount of retinoids added are depicted for the
indicated incubation periods. Transfection with pCYP26 lead to an increased
concentration of polar metabolites, and the type of polar metabolites were similar to
those found in other HNSCC cell lines (Figure 2). Because the polar metabolites were
similar in HNSCC cell lines as found in the transfected cells, it is most likely that
CYP26A1 is also active in these cell lines.
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Figure 7. Expression of CYP26A1 mRNA determined by Northern blotting. Analysis was done
for nine HNSCC cell lines and one OKC (OKC-1). Total RNA (20 ug) was isolated from the cells,
untreated (-) and treated (+) with 1 um RA for 24 h. The blots were quantitated by phosphoimaging.
After correction for the amount of RNA loaded on the gel (285 rRNA), CYPZBA1 levels were
expressed as relative amounts, with VU-SCC-OE (+) set as 100%. This experiment was performed
twice with similar results; one experiment is shown. The cell lines were arranged according to their
turnover capacity. After RA induction a dramatic increase of CYP26A7 mRNA expression was seen
in two cell lines that have the highest metabolism; no expression could be observed in the OKC.,
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The turnover of RA and the concentration of polar metabolites in pCY P26-transfected
cells was, on average, 11- and 12-fold higher as compared with untransfected cells
(Figure 8B). No change of sensitivity towards RA was found in the different
transfected populations as compared to untransfected cells (data not shown).

Discussion

In this study we have demonstrated a number of differences in the metabolism of
RA between normal oral keratinocytes and HNSCC cells. A) these cell types differed
in turnover rate of RA and sensitivity to RA; b) the types of retinoid metabolites
differed; and c) a correlation exists between growth inhibition and turnover rate within
the group of HNSCC cell lines.

Difference in turnover rate of RA and sensitivity to RA between HNSCC cell lines and
OKCs

Our results demonstrate that HNSCC cells are, on average, more efficient in removing
and metabolizing RA from the medium and are, on average, less sensitive to growth
inhibition by RA than normal oral keratinocytes. This increased ability of HNSCC
cells relative to normal oral keratinocytes to catabolize RA can be explained by a
higher activity of CYP enzymes, like CYP26A1. Relatively high mRNA levels of
CYP26A1 were found after induction with RA in the cell lines with the highest
metabolic rate, UM-SCC-35 and VU-SCC-OE. Although the CYP26A1 mRNA levels
were much lower in the other HNSCC cell lines, metabolites were found in the
medium that were identified as the typical oxidation products of RA, like 4-0x0-RA,
4-ox0-cRA, 4-OH-RA and 18-OH-RA. These so-called polar metabolites are the
result of the activity of CYP26A1 or other CYP enzymes (Gubler and Sherman 1990,
Nadin and Murray 1996, Blaner and Olson 1994). This suggests that either low
CYP26A1 levels are sufficient for a high processing of RA, and that CYP26A1
possibly is overexpressed in UM-SCC-35 and VU-SCC-OL, or that other CYPs with
CYP26-like activity are responsible for RA turnover. The idea that the enhanced RA
turnover is caused by CYP26A41 was supported by transfection of this gene in a low
catabolizing HNSCC cell line, UM-SCC-14C. Introducing the CYP2641 DNA caused
an increase of RA turnover of about 11-fold and a 12-fold higher production of the
same polar metabolites as mentioned above were detected. In the OKCs, neither
constitutive nor RA-inducible CYP264! mRNA expression was observed and no
polar products could be detected. The lack of CYP26A1 expression in the keratinocyte
cultures could explain the lower turnover of RA. As a consequence these cells are
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Figure 8. Transfection of CYP26A1 cDNA in an HNSCC cell line. UM-SCC-14C was transfected
with pCYP26 expression vector or with pcDNAZ expression vectar as a control. A, Relative amounts
of the different polar mstabolites formed after various incubation pericds expressed as a percentage
of total retinoids at the start of the experiment. Four separate experiments were done with similar
results, one experiment is shown. B, Turnover rate of RA expressed in pmol/mg protein/h and the
maximal amount of polar metabolites formed, expressed as a percentage of total retinoids at the start
of the experiment per mg of protein. Results of four separate experiments are shown (mean + SD).
As compared wilh untransfected cells and cells transfected with control vector, RA lurnover and the

formation of polar metabolites was highly increased in the CYP26A1-transfected population.
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longer exposed to RA, which is in agreement with the higher sensitivity to RA relative
to HNSCC cell lines.

The increased catabolic activity in HNSCC cell lines may reflect a phenotypic
change that is involved in the progression of HNSCC towards malignancy. A change
in normal and neoplastic epithelial cells was also found in the metabolism of retinol
(Guo and Gudas 1997), Normal epithelial cells are able to esterify retinol to a much
greater extent than are SCC cell lines. These findings support the idea that tumor cells
have selected for mechanisms that reduce intracellular retinoid concenfrations.
Selection may have taken place towards a phenotype that circumvents the
antiproliferative and differentiation-inducing effects of RA.

Difference in metabolites formed between HNSCC cell lines and OKCs

The lack of formation of polar metaboliles was consistent for all normal keratinocyte
cultures we have tested. The formation of polar metabolites was not medium-
dependent, because HNSCC cell lines were able to produce these polar metabolites in
KGM medium with 0.1% BSA, and growing the keratinocytes in 2% FCS did not
result in the formation of polar metabolites either. Others, investigating epidermal
keratinocytes in culture, were also not able to observe these polar metabolites
(Randolph and Simon 1997, Hodam and Creek 1996). This suggests that in
keratinocytes, the polar metabolites are degraded very efficiently or not formed at all.
When giving 4-oxo-RA as a substrate, it seemed that normal keratinocytes were not
able to catabolize this compound, in contrast with HNSCC cell lines, which implied
that in keratinocytes, RA is not converted to 4-oxo-RA at all. Furthermore, CYP2041,
which is responsible for the 4-hydroxylation of RA, was not expressed and not
inducible in normal oral keratinocytes. The same observation was done recently in
normal epidermal keratinocytes (Popa ef al. 1999). Keratinocytes are capable to
catabolize RA, which is also supported by the observation that they significantly
synthesize very polar metabolites (retention times between 0 and 5 min), but
apparently they use enzymes other than CYP26A1 for RA catabolism.

Turnover rate and response are correlated in ANSCC cell lines

Previously we have suggested a relationship between the level of growth inhibition
and the rate at which RA disappears from the medium and the cells in three HNSCC
cell lines (Braakhuis er al. 1997). In the present study, with a larger panel of HNSCC
cell lines, we could confirm this relationship. The correlation between growth
inhibition and RA turnover among tumor cell lines is unexpected, because we also
found in this study that the average rate of turnover of RA by the HNSCC cell lines is
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greater than that of the oral keratinocyte cultures, whereas the HNSCC cell lines are
on average less susceptible to inhibition of growth by RA. It can, however, not be
excluded that chance explains this relation between the levels of turnover and
sensitivity in HNSCC lines. The correlation can be attributed completely to the results
obtained with the UM-SCC-35 cell line. Without this cell line, the correlation is not
significant (R = 0.39, P = 0.26). There are, however, no biological reasons to delete
the results of this cell line, and moreover, others have also found a similar relation
between growth inhibition and RA turnover in breast cancer cells and squamous cell
carcinoma cell lines under serum-containing (Van der Leede et a/. 1997) and serum-
free conditions (Takatsuka et al. 1996).

Two hypotheses can be formulated to explain the relation between growth
inhibition and metabolism in HNSCC cell lines. First, it might be that, in tumor cell
lines ,specific catabolites of RA are responsible for the growth-inhibiting effects of
RA. Evidence is, however, arguing against this hypothesis (Braakhuis er al. 1997).
The second and most likely explanation is that retinoid metabolism is a secondary
event and an atiempt to neutralize the growth-inhibiting effects. This hypothesis is
supported further by the notion in the present study that overexpression of CYP264]
in a low-metabolizing HNSCC cell line resulted in an increase of RA turnover from
13 to 150 pmol/mg protein/h but not in an increase of sensitivity towards RA.

We hypothesize that metabolism as well as growth inhibition are regulated by the
RARs. After binding of ligands, like RA or 9-cis-RA, to these receptors, RAR-RXR
heterodimers or RXR-RXR homodimers are formed which bind to specific RA-
responsive elements on target genes. Depending on the concentration of certain
receptors, different genes are activated or inhibited in their expression (Heyman ef al.
1992, Zhang et al. 1992, Mangelsdorf et al 1992). The involvement of RARs in the
induction of CYP26A1 was demonstrated with receptor-specific synthetic retinoids
(Marikar ef al. 1998). Furthermore, transfection of either RAR-ot , RAR-B, or RAR-y
were able to restore CYP26A1 expression upon RA treatment in HCT-116 cells
(Sonneveld er al. 1998). These results and its high RA-inducibility (Ray ef af. 1997,
White et al. 1997, Sonneveld ef al. 1998) suggested the presence of a RA-responsive
element in the promotor region of CYP2641 and this has recently been identified
(Loudig et al. 2000). Sensitivity to RA was also found to be related to mRNA
expression levels of RARs by analyzing transcription levels (Kaiser er al. 1998) or
performing transfection studies (Oridate et al. 1996, Sun et al. 1999). The assumption
that RA-sensitivity as well as the rate to turnover RA are related to the presence of
RARs may also explain why RA-sensitivity was not increased by overexpression of
CYP26A1 alone. Thus, RA turnover and inhibition of growth by RA are independent

92

Changes in RA Metabolism in HNSCC Carcinogenesis

from each other and are possibly both dependent on RAR expression levels. Currently,
we are testing the hypothesis whether RA-resistance and reduced RA turnover are
related to reduced transcription levels of RARs in HNSCC cell lines. The expression
of RAR-y appears to be most important in this respect (Klaassen ez al. 2001).

Altogether, the findings we report here may contribute to a better understanding
of the fundamental changes of retinoid metabolism during malignant progression. It
seems likely that tumor cells have selected against the growth-inhibiting and
differentiation-regulating effects of retinoids by changing metabolism, and it might be
interesting to direct future research on the underlying mechanisms that cause this
switch between RA metabolism pathways.
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Chapter 6

Abstract

Retinoids, analogues of vitamin A, can reverse premalignant lesions and prevent second
primary tumors in patients with head and neck squamous cell carcinoma (HNSCC). The
effects of retinoids are mediated by retinoic acid receptors (RARs) and retinoid X
receptors (RXRs), which act as ligand-activated transcription factors. The regulation of
cell growth, differentiation and retinoid metabolism in normal, premalignant and
malignant cells by retinoids is thought to be a result of their effects on gene expression.
We investigated mRNA expression of RARSs (¢, [3, and y) and RXR-f by means of RNase
protection and related this to retinoic acid (RA)-induced growth inhibition and RA
turnover in four HNSCC cell lines (UM-SCC-14C, UM-SCC-22A, UM-SCC-35 and
VU-SCC-0E). An RA-resistant subline of UM-SCC-35 was generated by exposure to
increasing concentrations of RA for eight months (designated UM-SCC-35R). RA
turnover was determined on the basis of decreasing RA levels in the cells and culture
medium after exposure to 1 pM RA. We found that RAR-y mRNA expression was
strongly correlated with RA-induced growth inhibition (P = 0.016, R = 0.92) and RA
turnover (P=0.041, R=0.86). RAR-f transcript levels were reduced in three of five cell
lines as compared to normal mucosa, and these did not correlate with RA-induced growth
inhibition and RA turnover. Expression of RAR-a and RXR-f was not substantially
altered in any of the cell lines. These findings suggest that in HNSCC cell lines RAR-y
is the most important retinoid receptor for regulation of RA turnover rate and RA-
induced growth inhibition,

Introduction

The vitamin A-derived retinoids play an important role in growih and differentiation of
a variety of cell types (Gudas e al. 1994). Retinoids also inhibit the growth of cancer
cells (Lotan 1980) and are useful in the treatment and prevention of human cancer
(Bollag and Holdener 1992). In head and neck squamous cell carcinoma (HNSCC)
retinoids were successful in the prevention of second primary tumors (Hong et al. 1990)
and in the treatment of premalignant lesions such as oral leukoplakia (Lippman et af.
1988).

Chemoprevention with retinoids is however not optimal: some patients experience
toxic side effects and some tumors are resistant (Hong and Itri 1994). To explain these
cffects, the mechanisms of retinoid action need to be elucidated. In leukemia, acquired
resistance to retinoic acid (RA) was found to be a consequence of enhanced catabolism
of RA (Muindi and Young 1993: Kizaki et al. 1997). The opposite was suggested for
HNSCC, in which a statistical significant inverse relationship was found between RA
resistance and RA catabolism (Braakhuis et al 1997; Klaassen e al. 2001). This
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paradoxical finding was also found for other solid tumor types and suggests that the
molecular mechanisms underlying RA-resistance differ between solid tumors and
leukemia.

Most actions of retinoids are mediated by the nuclear retinoic acid receptors
(RARs) and the retinoid X receptors (RXRs). RAR-RXR heterodimers and RXR-RXR
homodimers interact with specific retinoic acid response elements, RAREs and RXREs
respectively, in the promotors of a variety of target genes (De Luca 1991, Mangelsdorf
1994). Upon binding of certain retinoids to the receptor dimers, specific gene expression
can be regulated. Three different types of RARs and RXRs were identified (o, 3, and v)
(Mangelsdorf et al. 1994, Heyman et a/. 1992). In HNSCC, RAR-f mRNA was found
to be reduced in 65% of tumors compared with 30% in adjacent tissue and in 60% of oral
dysplasias (Xu er al. 1994, Lotan ef af. 1995). The relation between malignancy and
RAR-B loss suggests arole for RAR-B as a tumor suppressor. RAR-y, which is the major
RAR type judged from the mRNA expression level in INSCC cell lines, was also found
to be frequently reduced compared to normal squamous cells (Hu ef al. 1991).

Other in vitro studies have addressed the role of RARs in RA-mediated growth
inhibition. Investigations in esophageal and lung carcinoma cells suggested that growth
inhibition by RA is associated with selective loss of RAR-P} (Xu ef al. 1999, Sun e al.
1999). In HNSCC cell lines, it was demonstrated that not RAR-} (Wan ef al. 1999) but
RAR-y (Oridate er al. 1996, Le et al. 2000) was related with RA-mediated growth
inhibition; all these studies were performed by introducing sense or antisense RAR types
or RAR-selective retinoids.

We aimed to investigate constitutive and RA-induced mRNA expression levels
of RARs in a panel of HNSCC cell lines. RAR-a, -p and -y and RXR-} transcription
levels were measured and related to RA-sensitivity and RA turnover rate in five HNSCC
cell lines that differed widely in their sensitivity to RA and their RA turnover rate. We
included an RA-resistant cell line that was obtained by exposing RA-sensitive UM-SCC-
35 cells to RA for eight months.

Material and methods

Chemicals.

All-frans-RA, obtained from Acros Chimica (Geel, Belgium), was dissolved in dimethyl sulfoxide
(DMSO) and stored as 107 M stock at -80°C under nitrogen. For each experiment. working dilutions
were freshly prepared in the appropriate cell culture medium. Final DMSO concentration was always
lower than 0.1% and did not affect cell growth. All handling with retinoids was performed in subdued
light and in the presence of 0.1% BSA to prevent absorption to plastics (Klaassen et ¢/, 1999).
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Cells and culture conditions.

Normal mucosal tissue and primary oral keratinocytes were obtained from the uvulas of non-cancer
patients who underwent uvulopalatopharyngoplasty. The mucosal layer was stripped from the tissue as
described previously (Reid er el 1997). Human HNSCC cell mes UM-SCC-35, -22A and -14C were
provided by Dr TE Carey (Universily of Michigan, Ann Harbor, MI) and are described elsewhere (Carey,
1990). An R A-resistant subline, UM-SCC-35R, was established from the RA-sensitive UM-SCC-35 cell
line by exposing it to increasing concentrations of RA (107 to 10 M) during a period of eight months.
VU-SCC-OF was established from human HNSCC xenografts in our laboratory (Welters et al., 1997).
HNSCC cells were maintained in Dulbeceo’s modified essential medium (DMEM) (Life Technologies)
supplemented with 5% FCS (ICN Biomedicals, Irvine, UK) and 50 units/ml penicillin, 50 pg/ml
streptomycin (Life Technologies).

Growth inhibition assays.

The dose-response effect on cell proliferation was determined with the sulphorhodamine B (SRB) assay.
Details ofthe assay have been described previously (Braakhuis ef a/. 1993). Inshort, cells (1,000 to 4,000
per well) were plated in 96-well plates in DMEM/3% FCS and were allowed to grow for 72 h (the “lag
phase™). After this phase the medium was replaced by medium containing RA with a final concentration
ranging from 107 to 10-* M. Growth was assayed after 72 h incubation (the “log phase™), by staining the
cellularprotein with SRB (Sigma, St. Louis, MO) and spectrophotometric measurement of the absorption
at 540 nm with a microplate reader (Labsystems Multiskan, Helsinki, Finland), Only experiments in
which the untreated cells had doubled 1n cell number during the log phase were included.

Metabolism of all-trans-retinoic acid.

HNSCC cells were plated at a density of 10° cells per well in 6-well plates. Upon 70 to 80% confluence,
the medium was removed and replaced by medium containing | uM RA. As a control, RA-containing
medium without cells was included during the incubation period. From the medium two samples of 350
ul were taken, and after removal of the residual medium the cells were washed once with
phosphate-buffered saline and collected in 350 pl trypsindEDTA. The samples were stored at - 80°C
under nitrogen until retinoid extraction.

Retinoid extraction and HPLC analysis.

Retinoids were analyzed by reverse-phase HPLC after extraction with acetonitrile, with recovery of all
retinoids =95% and reproducibility =92%, as described previously (Teerlink et al., 1997), In short, to
each sample 50 pl of 1 M sodium acetate buffer (pH 4.0) and 600 pl acelonitrile was added and afier
vortex-mixing, the samples were centrifuged for 2 to 5 min at 3000 g. Protein content of cell extracts
was determined on the pellet with the Bio-Rad protein assay (Life Science Research, Bio-Rad
Laboratories B.V., the Netherlands).

In total 720 pl of the clear supernatant was transferred to a 2 ml glass autosampler vial; after
addition of 240 pl water, the vials were eapped, mixed by inversion and put in the sample compartment
of the autoinjector, which was cooled at 4°C., or stored at -80°C under nitrogen. A Gynkotek ( Munich.,
Germany) HPLC system was used, consisting of a Basic Marathon automatic sample injector, a model
M480G gradient pump, a Model UVD 1708 UV detector, and a column heater (Mistral, Spark Holland,
Emmen. the Netherlands). The mobile phase was degassed online using a model GT103 degasser
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(Gastorr, Bad Honnef, Germany), Chromelion software (Gynkotek) was used for instrument control and
data acquisition. Separation was performed on a 3 pm Spherisorb ODS2 column (100 x 4.6 mm) from
Phase Separations (Deeside, UK) maintained at 30°C. Composition of the mobile phases and the binary
gradient used were as described by Eckhoff and Nau (1990). UV detection was performed at 340 nm.

Retinoids were identified using external standards. RA concentrations were quantified based on
peak height. Concentrations of RA in the standards was determined spectrophotometrically by
measurement at 2 (350 nm) and use of the molar extinction coefficient (45,300) (Furr ef al. 1994).
Experiments were excluded when medium controls (without cells) showed a decrease in RA of more than
60% in 48 h. The amount of RA was calculated relative to the amount of the medium control at the start
of the experiment. The turnover rate was taken as the difference between 4 and 24 h in medium plus
pellets, corrected for the decrease in the medium controls during this period. Next, this relative amount
was converted to absolute amounts in pmol by use of the external standards. The turnover rate was
expressed in pmol per mg protein per hour.

RNase Protection analysis.

RNase protection assays utilizing human probes for RAR-¢, RAR-, RAR-y and RXR-f (kindly provided
by Dr BM Van der Leede, Hubrecht Laboratory, Netherlands Institute for Developmental Biology,
Utrecht) and GAPDH (kindly provided by Dr PAE Scott, Molecular Angiogenesis Laboratory, John
Radcliffe Hospital, Oxford, UK; Scott ef al. 1997) were conducted on RNA isolated from cells incubated
for 24 h with or without | uM RA. As a control, RNA isolated from normal mucosal layer was used,
which originated from uvulas of non-cancer patients,

Total cytoplasmic RNA was isolated and RNA protection assays were performed according to
the protocol of the manufacturer (Ambion, Austin, TX). In brief, [o-"*P]-labeled riboprobes (for
RAR/RXR-probes 2.5 x 10° epm/sample and for GAPDH 2.0 x 10" cpmvsample) were hybridized to total
RNA (3 pg. except for RAR-B: 15 pg) at 45°C overnight. Unbound probes were digested by the addition
of 200 pl RNase digestion buffer containing 2.5 U/ml of RNase A and 100 U/ml of RNase T1. RINase
digestion was performed at 37°C for 30 min. RNase-protected fragments were resolved by
¢lectrophoresis on 6% denaturating-polyacrylamide gels. To check for RNA loading, a GAPDH probe
was inchided in all samples. Yeast RNA was used as a control for complete unbound probe digestion.
As a positive contral for RAR-l mRNA expression embryonic fibroblasts (cell line 293) were used in
which RAR-f} was clearly detectable with 3 pg total RNA. Gels were exposed to film over night at -80°C
with intensifying screens and/or phosphor screens at room temperature, Hybridizing bands were
quantified by a phaosphor imager (Molecular Dynamics, Krefeld, Germany) or by a digital imaging
system (IS1000 system, Biozym, Landgraaf, the Netherlands).

Results

Growth inhibition of HNSCC cell Iines by RA is related to RA turnover rate.

To test the effect of RA on the growth of head and neck cancer cells, the HNSCC cells
in monolayer culture were treated with RA (10% to 10° M) for three days (Figure. ).
UM-SCC-35 was the most sensitive to the RA growth inhibitory effect, with 91%
inhibition when it was treated with 10 M RA, whereas UM-SCC-22A and VU-SCC-OE
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Figure 1. Growth inhibition of HNSCC cell lines. Relative growth of cells exposed to increasing
concentrations of RA as compared to unireated cells. Experiments were performed atleast three times.
Mean + SD are given.

displayed a moderate response, with 33% and 46% inhibition respectively, at this
concentration. The other two cell lines, UM-SCC-14C and UM-SCC-35R, were
completely resistant to RA. This latter line was obtained by exposing UM-SCC-35 cells
to increasing concentrations of RA for eight months.

Subsequently, metabolism experiments were performed to test the turnover rate
of RA in these cell lines. Cells were exposed to | uM RA, and RA concentrations were
measured after 4, 24, 48 and 72 h. The capacity to metabolize RA differed widely among
the cell lines and was highest in the most sensitive ones, UM-SCC-35 and VU-SCC-OE.
By introducing the resistant subline UM-SCC-35R, an alternative approach was chosen

Table 1. Sensitivity and turnover after exposure to 1 pm RA in HNSCC cell lines.'

Cell line/Culture Growth at 1 yM RA 2 RA turnover *
mean sSD mean SD
UM-SCC-14C 96.5 ) 13.3 9.2
UM-SCC-22A 729 a7 104.8 67.9
UM-8CC-35 164 105 1016.0 413.2
UM-SCC-35R 101.1 5.0 52.7 254
VU-SCC-0OE 56.9 3.3 558.9 1525

' Some of the data are taken from Klasssen et al. 2001.
* Growth at 1 uM RA as compared to untreated cells (%).
* RA turnover (pmol/mg protein/h).
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to test the relation between RA-induced growth inhibition and RA turnover rate. This
RA-resistant subline was found to have a 19-fold reduced metabolism compared with
that of UM-SCC-35 (Figure 1, Table ). RA turnover was found to be significantly
correlated with growth at 1 M RA among all cell lines (P = 0.003; R = 0.96, Pearson
correlation test) and was still significantly correlated when UM-SCC-35R was excluded
(P=0.010; R =0.97).

- = .

14C 22A 35 OE C+ C-
=+ = e

Figure.2. Representative examples of RNase protection. Expression of RAR-f and -y was measured
by RNase protection as indicated in Materials and Methods. The specific protecled fragments are
indicated in the figure. The experiments were performed on 3 pg (RAR-y) or 15 pg (RAR-P) total RNA
of cells, unireated (-) and treated (+) with 1 um RA for 24 h. C+, positive control (RAR-y: cultured oral
keratinocytes; RAR-B: embryonal fibroblasts); C-, negative control (veast). The GAFDH probe in the
RNase protection of RAR-f was synthesizad using [a-*P]CTP 1:50 diluted in cold CTP. The blots were
quantified by phosphoimaging and corrected for the amountof RNA loaded on the gel by GAPDH mRNA
levels. In this figure single experiments are shown. The mean of all expariments after correction for
GAPDH is presented in Figure 3.

Growth inhibition by RA and RA turnover rate is related to RAR-y expression in HNSCC
cell lines

HNSCC cell lines were analyzed on retinoid receptor mRNA expression by means ol
RNase protection assays. Cell lines were treated with and without 10® M RA for 24 h and
evaluated for RA receptor ecxpression as compared to normal mucosal tissue. We have
chosen normal mucosal tissue as a reference for normal cells instead of cultured
keratinocytes. The use of mucosal tissue reflects in our opinion a more physiological
situation than proliferating keratinocytes, since keratinocytes hardly proliferate under
normal physiological conditions.
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Figure 3. Relative expression levels of RAR-a, -B, -y and RXR- analyzed by RNase protection.
Five HNSCC cell lines and mucosal tissue (Muc) were analyzed. Total RNA was isolated from the cells,
untreated (- RA) and freated (+ RA) with 1 pM RA for 24 h. The blots were quantified by
phospheimaging. After correction for the amount of RNA loaded on the gel (GAPDH), mRNA levels were
expressed as relative amounts, with mucosal tissue set as 100%. Presented are the mean + 5D fortwo
or more experiments (for RAR-g in VU-SCC-0E and UM-SCC-35R one experiment).
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Representative RNase protection experiments for RAR-B and RAR-y are shown
in Figure 2. RAR-B transcripts were clearly detectable when 15 pg total RNA was used
(instead of 3 pg, with which the other RARs were easily detected) in the intermediate
sensitive VU-SCC-OE cells, but were nearly undetectable in UM-SCC-14C, UM-SCC-
22A and UM-SCC-35. RAR-y transcripts (two bands) were detectable in all cell lines,
but varied largely in expression (Figure 2).

Figure 3 shows the relative expression levels compared with mucosal tissue for
each cell line for RAR-q, -B, -y and RXR-f, RAR-a transcripts were detectable in all cell
lines, with little variation in expression levels between cell lines, except for basal mRNA
levels of cell line UM-SCC-14C and for basal and RA-induced mRNA levels of cell line
VU-SCC-OE. In two of five cell lines RAR-B transcripts were clearly detected. In the
other three, expression was very low. One of two cell lines that have detectable RAR-f
mRNA expression is resistant (UM-SCC-35R), and the other 18 intermediately sensitive
to RA (VU-SCC-OE). RAR-y mRNA shows a large variation in expression between cell
lines, and intra-individual variation is small. UM-SCC-14C and UM-SCC-35R which are
the most RA-resistant, show the lowest, UM-SCC-35 and VU-SCC-OE, which are the
most RA-sensitive, the highest expression of RAR-y and UM-SCC-22A, which is
intermediate sensitive to RA, an intermediate expression of RAR-y. mRNA expression
levels of RXR-p show little variation between cell lines and are somewhat lower as
compared with normal oral mucosa.

Linear regression analysis showed that only expression of RAR-y is strongly
correlated with the level of growth inhibition and with RA turnover rate. Without RA
treatment this was significant for growth inhibition (2 = 0.032, R = 0.88) and turnover
rate (P = 0.033, R = 0.88). With RA treatment, significant correlations were also found
with growth inhibition (P = 0.016, R = 0.92) and turnover (P = 0.041, R = (.86). When
UM-SCC-35R was excluded, a rather strong, but borderline significant (£ = 0.073, R =
0.89) correlation was still found between RA-induced growth inhibition and RAR-y
expression (Figure 4).

Discussion
A relationship was found between the level of growth inhibition by RA and the turnover
rate of RA: HNSCC cell lines with a higher RA turnover rate were more sensitive to RA.
The results of the subline UM-SCC-35R confirmed this relationship, since reduction in
RA-sensitivity coincided with a decrease in RA turnover. The explanation that toxicity
of RA catabolites is responsible for enhanced RA-sensitivity was unlikely, since we and
others established that the anti-proliferative activity of several catabolites of RA was
equal or even less potent than RA (Braakhuis et al. 1997, Reynolds e al. 1993, Van
Heusden ef al. 1998).

Other investigators have provided support for the hypothesis RA-related responses
are directed by reduced expression of nuclear retinoid receptors (RARs and RXRs)
(Heyman et al. 1992, Lotan ef al. 1995). In the present study we discovered that growth
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Figure 4. Correlation of RAR-y expression with RA-sensitivity. RA-sensitivity is expressed as
percentage of growth after addition of 1 uM RA as compared to untreated cells. RAR-y mRNA levels are
given as expression after 24 h exposure to 1 pM RA. v, UM-SCC-35R; ¥, other HNSCC cell lines (UM-
SCC-35, UM-8CC-22A, UM-SCC-14C, VU-SCC-OE). The lines represent the regression lines: solid
black line, growth vs RAR-y mRNA expression of all five HNSCC cell lines (R = - 0.92, P = 0.016);

dotted line, growth vs RAR-y mRNA expression of HNSCC cell lines without UM-SCC-35R (R = - 0.88,
P=0.073).

inhibition and RA turnover are associated with the mRNA expression level of RAR-y.
Two RA-resistant cell lines with a low RA turnover showed a relative low RAR-y
mRNA expression, whereas two RA-sensitive cell lines (with a high RA turnover)
showed a relative high expression of RAR~y, and an intermediate sensitive cell line had
an intermediate transcription level of RAR-y, Furthermore, the subline UM-SCC-35R,
derived from UM-SCC-35 which became RA-resistant after prolonged exposure to RA,
showed asignificant decrease in RAR-y mRNA expression compared with UM-SCC-35.

Our results were obtained by comparing cell lines that varied in RA-sensitivity.
Other reports, based on the use of receptor-selective retinoids or transfection of sense or
antisense RARs are in concordance with our results (Oridate et al., 1996, Sun et al. 1999,
Le er al. 2000). Transfection of sense or antisense RAR-y in the HNSCC cell line
SqCC/Y1 revealed that the growth inhibitory effect of RA was enhanced in the sense
transfectants and decreased in the antisense ones (Oridate et al. 1996). Furthermore, with
RAR-y selective retinoids, it was recently shown that RAR-y can suppress growth
inhibition in an oral SCC cell line (Le ef al. 2000).
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Studies in esophageal and lung cancer cell lines, however, demonstrated a role for
RAR-B in RA-induced growth inhibition (Xu et al. 1999, Sun et al. 2000). Furthermore,
introduction of RAR- increased growth inhibition by RA in cervical carcinoma
(Frangioni et al. 1994) and breast carcinoma cells (Liu et al. 1996, Li et al. 1995,
Seewaldt et al. 1995). In the present study, no correlation between RA-sensitivity and
RAR-f expression was observed. Supportive evidence was found with cell line UM-
SCC-35R, in which exposure to RA for eight months led to an increase of RAR-p.

The differences in results described in the reports above can be explained by
differences in cell-type. RAR-y is the predominant receptor type in HNSCC cells (Hu et
al. 1991), and we found that RAR-p transcript levels were lower than that of the other
transcripts, since we had to use five times more RNA to see detectable levels of RAR-(.
This indicates that RAR-y has a more prominent role in RA-related responses than other
retinoid receptor types in HNSCC cells. Moreover, evidence has been provided that in
HNSCC RAR- is involved in suppression of terminal squamous differentiation and not
in growth inhibition (Zou et al. 1999, Wan et al. 1999). Therefore the suppression of
squamous differentiation may explain the clinical response which was observed after up-
regulation of RAR-P by 13-cis-RA in premalignant oral lesions (Lotan ez al. 1995). In
our study we did not see up-regulation of RAR-B after RA exposure in HNSCC cell lines
and this up-regulation may only be a characteristic of premalignant cells. Also from the
point of squamous cancer development, RAR-y was shown to be an important molecule.
Using a mouse skin tumor carcinogenesis model, it was shown that RAR-y expression
decreases during tumor progression (Darwiche ef al. 1995).

RA-induced growth inhibition is related to RA turnover rate among HNSCC cell
lines, as was also observed by others and in our previous studies (Takatsuka et al. 1996,
Braakhuis et al. 1997, Klaassen ef al. 2001), and therefore it was not surprising to find
that the expression level of RAR-y was related to RA turnover rate. It has been suggested
that the enzymes responsible for the turnover of RA are induced by RARs in the presence
of RA (Isogai et al. 1997, Abu-Abed et al. 1998).

After the discovery and cloning of a highly RA-specific cytochrome P450 enzyme,
CYP26A1 (Rayetal. 1997, White ezal. 1997), amore direct approach could be followed
by measuring itsmRNA expression levels. With receptor-specific synthetic retinoids, the
involvement of RARs in the induction of CYP26A1 could be demonstrated (Marikar et
al. 1998). Furthermore, transfection of either RAR-a , RAR-f}, or RAR-y were able to
restore CYP26A1 expression upon RA treatment in HCT-116 cells (Sonneveld et al.
1998). These results suggest the presence of one or more RARES in the promotor region
of that gene and may therefore explain the high RA-inducibility of CYP26A1. Indeed,
a RARE, to which RAR-y can bind, has recently been identified in the promotor region
of CYP26A1 (Loudig e @/, 2000). The variation of RA turnover among HNSCC cell
lines in our study is related to the mRNA expression levels of RARs, and in particular
that of RAR-y. This suggests a role for RAR-y in mediating RA turnover rate in HNSCC
cell lines.
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In summary, previously we found a strong correlation between RA-induced
growth inhibition and RA turnover rate in HNSCC cell lines. In this study we selected
five of these cell lines that differed widely in their sensitivity to RA and their capacity
to catabolize RA and analyzed RAR mRNA expression in these cell lines. We found that
the level of growth inhibition by RA and the turnover rate of RA are associated with the
transcription level of RAR-y.
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Abstract

Isotretinoin (13-cis-retinoic acid, 13-cis-RA) has proven to be active in chemoprevention
of head and neck squamous cell carcinoma (HNSCC). Moreover, both all-trans-retinoic
acid (ATRA) and 13-cis-RA induce objective responses in oral premalignant lesions.
After binding of retinoids to retinoic acid receptors (RARs and RXRs) dimers are formed
that are able to regulate the expression of genes involved in growth and differentiation.
We compared the metabolism and level of growth inhibition of 13-cis-RA with that of
ATRA, 9-cis-RA and retinol in four HNSCC cell lines and normal oral keratinocyte
cultures (OKC). These retinoid compounds are known to bind with different affinities to
the retinoic acid receptors. We observed that all retinoids were similar with respect to
their capacity to induce growth inhibition. One HNSCC line could be ranked as sensitive,
one as moderately sensitive and the remaining two were totally insensitivity; OKC were
moderately sensitive. The rate at which the cells were able to catabolize the retinoid was
similar for all compounds. Metabolism in HNSCC cells resulted in a profile of retinoid
products which was unique for each retinoid. These metabolic profiles were different in
OKC. Our findings indicate that differences in retinoid receptor selectivity of these
retinoids do not influence the level of growth inhibition and rate of metabolism.

Introduction

Retinoic acid is an active metabolite of retinol (ROL, vitamin A) that plays an important
role in growth and differentiation of a variety of cell types (Gudas et a/. 1994). Retinoids
also inhibit the growth of cancer cells (Lotan, 1980) and are useful in the treatment and
prevention of human cancer (Bollag and Holdener 1992). In head and neck squamous cell
carcinoma (HNSCC) 13-cus-retinoic acid (13-cis-RA) was successful in the prevention
of second primary tumors (Hong et al. 1990). Retinoids demonstrate the ability to induce
objective responses in oral leukoplakia (Hong and Itri 1994). This is a whitish or reddish
plaque in the epithelial lining in the oral cavity that has a relatively high risk to become
malignant. For 13-cis-RA aresponse rate (based on both partial and complete responses)
varying between 55% and 87% has been reported. (Lippman ef al. 1988, Hong and Itri
1994). All-frans-retinoic acid (ATRA) was shown to be active in 59% of leukoplakia
patients (Koch 1978). The activity of retinoids, however. is associated with serious side
effects and intrinsic and acquired resistance do occur (Hong and Ttri 1994). Acquired
resistance 10 ATRA in leukemia was found to be a consequence of enhanced catabolism
of ATRA (Muindi et al. 1994). In contrast, an inverse relationship was found between
intrinsic ATRA resistance and ATRA catabolism in HNSCC (Braakhuis et al. 1997,
Klaassen et a/. 2001a). This paradoxical finding suggests that the molecular mechanisms
underlying RA-resistance in HNSCC are different. The possible mechanisms explaining
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(the lack of) the effect of retinoids have not been elucidated but are thought to be
mediated through retinoid binding to specific nuclear retinoid receptors, with modulation
of the expression of genes involved in growth and differentiation (Oridate et al., 1996).
Recent data show that in HNSCC especially the expression of RAR-y is important for
retinoid induced growth inhibition (Le ez al. 2000, Klaassen et al. 2001b).

ATRA is a naturally occurring compound that shows a much more avid binding
to retinoic acid receptors than 13-cis-RA (Astrém es al. 1990). Whereas ATRA
preferentially binds retinoic acid receptors (RARs), its stereoisomer 9-cis-RA (9-cis-RA)
has a high binding affinity for RARs as well as retinoid X receptors (RXRs) (Heyman er
al. 1992). Details on their binding and transactivating activity has been reported earlier
in full detail (Allenby ef al. 1993, Sun ef al. 1997). Related to differences in receptor
binding affinities between the three stereoisomers, different effects on growth and
metabolism may be expected.

Differences in metabolic rates and/or type of metabolites formed between the
various retinoid compounds may determine the growth inhibiting capacities of these
compounds. One important route of ATRA metabolism consists of hydroxylation at
position 4 of the cyclohexenyl ring to form 4-hydroxy-RA, which is readily oxidized to
4-0x0-RA., Other metabolic pathways of ATRA include isomerization, decarboxylation
and glucuronidation processes (Rockley et al. 1980, Roberts ez al. 1980, Sass ez al. 1994).
Invitro, 4-hydroxylation of ATRA is mediated by a Cytochrome P450 (CYP)-dependent
monooxogenase system that requires NAPDH and oxygen (Robetts e al. 1980).

Thepresent study was undertaken to investigate to what extent a panel of retinoids,
including 13-¢is-RA, is able to inhibif growth of HNSCC cells and cultures of normal oral
keratinocytes (OKC). Growth inhibition was related to retinoid turnover and the pattern
of metabolites formed.

Materials and methods

Chemicals

13-cis-RA and retinol (ROL) were obtained from Sigma (St. Louis, MO), ATRA from Acros Chimica
(Geel, Belgium); 4-oxo0-all-frans-RA (4-0x0-RA) and 4-0x0-13-cis-RA were gifts from Dr UH Wiegand
(Hoffmann-la Roche, Basel, Switzerland); 4-hydroxy-RA (4-OH-RA) and 18-hydroxy-RA ((18-OH-RA)
were gifts from Dr L Foley (Roche Pharmaceuticals, Nutley, NJT). All compounds were dissolved in
dimethyl sulfoxide (DMSO) and stored as 10 mol I' stock at -80°C under nitrogen. For each
experiment, working dilutions were freshly prepared in the appropriate cell culture medium. Final DMSO
concentration was always lower than 0.1% and did not affect cell growth. All handling with retinoids was
performed in subdued light and in the presence of (0.1% BSA to prevent absorption to plastics (Klaassen
et al. 1999).
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Cells and culture conditions

Primary OKC were obtained [rom the uvulas of non-cancer patients who underwent
uvulopalatopharyngoplasty. The mucosal layer was stripped from the tissue and cells were isolated and
cultured as described previously (Reid ef al. 1997) in 6-well culture plates in keratinocyte growth
medium (KGM) (Life Technologies, Paisley, UK) supplemented with growth factors (BPE and rEGF),
gentamycin sulphate (final concentration 5 pg/ml) and amphotericin B (final concentration 0.5 pgml™)
{all from Life Technologies). At 70% confluency, primary cultures of keratinocytes were subcultured
and plaled at a density of 107 cells/ well, Keratinocytes were used for experiments at passage 3, when
they reached 70-80% confluence. Human HNSCC cell lines UM-SCC-35, -22A and -14C were provided
by Dr TE Carey (University of Michigan, Ann Arbor, MI) and are described elsewhere (Carey, 1990).
An RA-resistant subline, UM-SCC-35R, was established from the RA-sensitive UM-SCC-35 cell line
by exposing it to increasing concentrations of ATRA (10 to 10" M) during a period of eight months.
HNSCC cells were maintained in Dulbecco's modified essential medium (DMEM, Life Technologies)
supplemented with 5% FCS (ICN Biomedicals, Irvine, UK) and 50 U/ml penicillin, 50 pg/ml
streptomycin (Life Technologies),

Growth inhibition assays

The dose response effect on cell proliferation was determined with the sulphorhodamine B (SRB).
Details of the assay have been described previously (Braakhuis ef al., 1993). In short, cells (1000- 4000
per well) were plated in 96-well plates in DMEM/5% FCS or KGM/0.1% BSA for HNSCC cell lines and
oral keratinacyte cultures, respectively, and were allowed to grow for 72 h (the “lag phase™). After this
phase the medium was replaced by medium containing the appropriate retinoid with a final concentration
ranging from 107 to 10° M. Growth was assayed after another 72 b incubation (the “log phase™), by
staining the cellular protein with SRB (Sigma) and spectrophotometric measurement of the absorption
at 540 nm with amicroplate reader (Labsystems Multiskan, Helsinki, Finland). Growth of untreated cells
during the log phase must at least have doubled its initial value.

Metabolism experiments

Keratinocytes and HNSCC cells were plated at a density of 10° cells per well in 6-well plates. Upon 70-
80% confluence, the medium was removed and replaced by medium containing 1 pM RA, being K(GM
with 0.1% BSA for keratinocytes (Klaassen ef al. 1999) or DMEM with 5% FCS for HNSCC cells. As
a control retinoid containing medium without cells was included during the incubation period. From the
medium two samples of 350 pl were taken and after removal of the residual medium the cells were
washed once with phosphate-buffered saline and collected in 350 pl trypsin/EDTA. The samples were
stored at - B0°C under nitrogen until retinoid extraction.

Determination of the turnover rate

Retinoids were analyzed by reverse-phase HPLC after extraction wiith acelonitrile, as described
previously (Teerlink er af. 1997, Klaassen e af. 2001a). The amount of retinoid compound at each time
point was calculated relative to the amount of the medium control at the start of the experiment. The
turnover rate was taken as the difference between 4 and 24 h. corrected for the decrease in the medium
confrols during this period. Next, this relative amount was converted to absolute amounts in pmol by use
of the external standards. The tumover rate was expressed in pmol per mg protein per hour, Protein
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content of cell extracts was determined on the pellet with the Bio-Rad protein assay (Bio-Rad, Hercules,
CA).

Table 1. Retinoid metabolism in four HNSCC cells and OKC exposed to 1 mM of four different
retinoids

HNSCC line retinoid metabolism® metabolites**
mean S.D. pellet medium

14C ATRA 13.3 8.2 e ab
13-cis-RA 78.7 27.2 d2 ab
9-cis-RA 59.3 13.2 e a,b
ROL 223.7 84.5 di d1
22A ATRA 104.8 67.9 e a,b
13-¢cis-RA 154.1 76.3 dz2 a,b
9-cis-RA 139.3 459 e ab
ROL 349.9 12.7 d1i d1
35 ATRA 1016.0 413.2 e a,b
13-cis-RA 949.5 53.0 e ab

9-cfs-RA 962.3 88.2 b ab,c

ROL 1336.8 76.7 cl a,b,c1,d1

35R ATRA 52.7 254 b ab
13-cis-RA 6.9 9.8 b, d2 ab
9-cis-RA 23.4 5.5 b . ab

ROL b 2.9 c1, d1 c1, di
OKC ATRA 14.8 19.0 e e
13-cis-RA 38.8 20.5 d2 e
9-cis-RA 12.0 125 e e
ROL 098.7 78.5 di di

The profiles of 72 hr exposure are shawn. Note that the names of the cell lines have been abbraviated: the prefix
“UM-5CC-* has besn omitted. Experiments were performed in triplicates, OKC eultures were from four different
individuals *Metabolism determined from HPLC analysis expressed as relative decrease in medium and  cells
logether of the corresponding retinoid between 4 and 24 h exposure as compared ta medium controls at t= 0 h per
mg protein par hour. ** Metabolites in medium and in cell pellets determined from HPLC analysis. Metabolites: a,
batween 5 and 10 min (retention time); b, betwaen 10 and 15 min; ¢, between 15 min and 13-cis-RA| d, between
ATRA and ROL: e, no metabolites. A more detailed explanation of the metabolites mentioned is given in Figure 2.

117



Chapter 7

Results

Growth inhibition of various retinoid compounds in HNSCC cell lines

The relative growth of four HNSCC cell lines treated with ATRA., its isomers (13-cis-RA
and 9-cis-RA), and its precursor ROL is illustrated in Figure 1. Two cell lines (UM-SCC-
22A and UM-SCC-35) exerted a dose-dependent growth inhibition for all compounds,
while the other two cell lines (UM-SCC-14C and UM-SCC-35R) were insensitive;
UMSCC-35 was the most sensitive cell line. 4-oxo-metabolites of ATRA and 13-cis-RA
were tested in four cell lines to find out whether these catabolites were able to induce
growth inhibition and whether a lack of 4-hydroxylation could explain the lack of
response in the insensitive cell lines. From Figure 1 it can be seen that the level of growth
inhibition by 4-oxo-RA and 4-o0x0-13-cis-RA was similar to that of the other retinoid
compounds. In addition, OKC cultures from different individuals were exposed to four
retinoids as well; a moderate dose dependent growth inhibition was observed that was not
different between the various compounds (Figure 1).

UmM-scC-14C UM-8CC.224 UM-SCC-35
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Figure 1. Relative growth of cells exposed to various concentrations of ATRA, 13-cis-RA, 9-cis-
RA, ROL, 4-ox0-13-cis-RA and 4-oxo-RA as compared to untreated cells. OKC cultures (from four
different individuals) were exposed to the first four drugs. Growth was assessed with the "SRB-assay”
and experiments were performed at least three limes. Average values are shown and coefficients of

variation were less than 5% (HNSCC lines) and 13% (OKC cultures).
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Metabolism of ATRA, 13-cis-RA, 9-cis-RA and ROL in HNSCC cells and OKC cultures
A summary of the turnover rate of all different compounds and the metabolites formed
in the medium and pellets is given in Table 1 and Figure 2. The rate of retinoid turnover
was more cell line than compound dependent. In general, UM-SCC-35 showed the highest
turnover rate for all compounds, UM-SCC-35R and UM-SCC-14C the lowest and UM-
SCC-22A an intermediate turnover rate; turnover rates in OKC were comparable to the
turnover rates in UM-SCC-35R and UM-SCC-14C. The turnover rate of ROL was the
highest of all compounds in all cell lines.

9.0

Absorbance at 340 nm

Retention time (min)

Figure 2. Compilation of all metabolites formed in cells and medium after addition of ATRA, 9-¢is-
RA, 13-cis-RA or ROL is shown. This chromatogram is necessary for the interpretation of Table 1 and
shows 4-ox0-RA (peak 1), 4-oxo-cRA (2}, 4-OH-RA (3), 18-0OH-RA (4), 5,6-epoxy-RA (5], 13-cis-RA (B),
9-cis-RA (7), ATRA (8) and ROL (8). Furthermore, the chromatogram is divided in groups of peaks as
follows: a, polar metabaolites corresponding to peaks with retention times between 5 and 10 min; &, polar
metaholites corresponding to peaks with retention times between 10 and 15 min; ¢, polar metabolites
corresponding to peaks with refention times between 15 min and that of 13-cis-RA; d, peaks with
retention times between that of ATRA and ROL.; ¢1, peaks found after exposure to ROL in medium and
cells of UM-SCC-35 and UM-SCC-35R; d7, peak found after exposure 1o ROL in medium and cells of
HNSCC cell lines and CKC, 62, peaks found in cells of HNSCC cell lines and OKC after exposure to 13-
cis-RA. Peak 5 (5,6-epoxy-RA } was found only in medium of UM-SCC-35 after exposure 1o 8-cis-RA.
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In general, the metabolites formed were different between HNSCC cell lines and
OKC (Table 1). Polar metabolites in “group 5" and metabolites in “group a” (Figure 2)
were only found in HNSCC cell lines, but not in OKC. The widest variety of metabolites
was found in the medium of cell line UM-SCC-35, probably due to its high turnover rate.
5.6-epoxy-RA was, for instance, only found in medium of UM-SCC-35. After 13-cis-RA
and 9-cis-RA exposure, a relative high formation of polar metabolites in UM-SCC-35 and
UM-SCC-35R was observed, similar as was reported for ATRA (Klaassen et al., 2001a).
Metabolism of ROL resulted in the formation of an unknown product, with a retention
time a little longer than that of ATRA (Figure 2, “d1”"), which was found in almost every
medium and cell fraction of cancer cell lines as well as OKC, whereas a group of
unknown peaks named “c1" was only found in UM-SCC-35 and UM-SCC-35R (Table
1). Another group of unknown peaks named “¢2”, corresponding with retention times
between that of ATRA and ROL, was found after exposure to 13-¢is-RA in all cellular
fractions, except in that of UM-SCC-35. The unidentified peaks described above were not
found in medium without cells or in untreated cells.

As an example, profiles of metabolites formed in the medium of UM-SCC-35 after
exposure to four retinoids are shown in Figure 3. Each compound corresponds with an
unique pattern of metabolites. In the other HNSCC cell lines generally similar peak
profiles as in UM-SCC-35 were found. Following ROL and 9-cis-RA exposure some
more peaks were detected in UM-SCC-35 and -35R (Table 1). Co-elution of peaks with
authentic retinoids of absorption at the two wavelengths of detection with the
corresponding ratios of the reference compounds enabled the identification of 4-o0xo0-RA
(1), 4-0x0-13-cis-RA (2), 4-OH-RA (3). 18-OH-RA (4), and an unknown peak (A ) after
exposure to ATRA (Figure 3). The major metabolite of ATRA in UM-SCC-35 was 4-OH-
RA. 13-cis-RA was metabolized to products identified as 4-0x0-13-¢is-RA (2) and three
unknown peaks (A, B and C), of which peak A and B were the highest (Figure 3).
Metabolism of 9-cis-RA resulted in peaks corresponding with the same metabolites as
found with 13-¢is-RA metabolism, but with higher amounts of peak A and a substantially
lower amount of peak B and an additional peak coeluting with 5,6-cpoxy-RA ( peak 5).
The level of the polar metabolites (Figure 2, “group b ) formed after 13-cis-RA or 9-cis-
RA exposure was much higher than that of the group of polar metabolites formed from
ATRA.

After ATRA exposure, as compared to other HNSCC cell lines a relatively high
isomerization (up to 10%) was found to 13-cis-RA in UM-SCC-22A, UM-SCC-14C and
OKC and arelatively high level of polar metabolites in UM-SCC-35R. In UM-SCC-22A,
UM-5CC-14C and OKC = relatively high isomerization to ATRA after 13-c¢is-RA
expostre (up to 10%) and a relatively high isomerization to ATRA and 13-cis-RA after
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Figure 3. HPLC profiles of retinoid metabolites in the medium of of UM-SCC-35 are shown after
exposure to 1 pM of various retinoid compounds for 24 h. The upper panel one is a HPLC profile
of retinoid standards dissolved in water. For identification of the peaks see the legend of figure 2 and in

addition peak 10 corresponds fo retinal. Peaks A, B and C indicate unidentified compounds.

121



Chapter 7

9-cis-RA exposure (up to 5%) was found. After exposure to ROL, a relatively high
formation of ATRA in UM-SCC-14C was seen and no or very small amounts of other
retinoids in UM-SCC-35 and UM-SCC-35R.

Discussion

Treatment with 13-cis-RA has shown several major drawbacks: it exhibited considerable
toxicity at therapeutic levels, was active in only a proportion of the individuals with
premalignant lesions and when the treatment is stopped the lesions recur (Hong er al.
1986, Hong ez al. 1990). Other retinoic acid derivatives are being developed and tested,
hoping that these derivatives may lack the negative effects of 13-cis-RA and be able to
provide similar or higher efficacy, including activity against advanced cancer (Armstrong
and Meyskens, 2000). Recently, a randomized Phase | chemoprevention trial with ATRA
in patients with curatively treated HNSCC ended and a Phase 11 trial is on its way (Park
et al. 2000).

The present study showed that all retinoids tested were equally active in HNSCC
cell lines, Thus, although retinoids have different binding affinities for the nuclear
receptors (Allenby ef al. 1993, Sun ef al. 1997), this apparently has no influence on the
level of growth inhibition in vitro. This finding suggest that all these compounds induce
growth inhibition through a common mechanism. Evidence has been provided that
retinoids regulate cellular growth and differentiation through binding to retinoic acid
receptors (RARs) and retinoid X receptors (RXRs) (Mangelsdorf et al. 1994, Heyman et
al. 1992). In particular in HNSCC the binding to RAR~y has suggested to be important for
retinoid induced growth inhibition. (Le ef al. 2000, Klaassen et al. 2001b). So the most
likely explanation is that all retinoids are able, in a direct or indirect way to reach the
downstream target, the retinoid receptor. It remains to be explained why 13-cis-RA is
active in some HNSCC lines whereas the binding affinity of 13-cis-RA to both retinoic
acid receptor classes is negligible. It is very plausible that 13-cis-RA is converted to
retinoids that have high enough levels to modulate growth through binding to the retinoid
receptors. 13-cis-RA is converted to its isomers ATRA and 9-¢is-RA and its breakdown
product 4-0x0-13-cis-RA; all these compounds have receptor binding property and a
growth inhibiting activity (Figure 1).

The retinoids used in this study were not able to improve the sensilivily profile of
the standard compound 13-¢is-RA. In the insensitive cell lines ATRA, 9-¢is-RA and ROL
did not enhance the level of growth inhibition, It is possible that in these cell lines the
receptor system is seriously disrupted and that it will be very hard to find a retinoid that
will be active.
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We tested tfumover rates of 13-cis-RA, ATRA, 9-cis-RA and ROL to investigate
whether these would explain differences in growth inhibition between HNSCC cell lines.
In the individual cell lines, turnover rates of the three stereoisomers were in a narrow
range, and that of ROL somewhat higher. The most likely explanation for the relatively
higher turnover rate of ROL as compared to the other retinoids might be that ROL can be
converted to at least four different compounds. Besides oxidation to ATRA via retinal,
ROL can also be esterified to retinyl esters (Kurlandsky eral. 1996), 4-hydroxylated to 4-
0x0-ROL (Leo and Lieber 1985), or metabolized to anhydroretinol (Bhat e al. 1979).
Esterification has been studied in more detail by Guo and Gudas (1998). These authors
showed that HNSCC cells have areduced capacity to esterify ROL as compared to normal
oral keratinocytes. This would explain the relatively lowt turnover rate of ROL as
compared to tumor cell cultures, but whether this leads to differences in metabolites,
remains to be established.

We also performed metabolic studies on normal OKC. These cells were slow with
respect to the rate of retinoid turnover and were not able to synthesize polar metabolites.
This confirms the results of a previous study with ATRA (Klaassen et al. 2001a).

The comparison of the retinoids with respect to metabolism showed two
phenomena that needs further discussion. There was only a small difference between the
compounds in turnover rate and each compound had its unique pattern of metabolites.
With respect to the rate of turnover it is known that the CYP-related enzyme system is
involved in the conversion (4-hydroxylation) to polarretinoids, like 4-OH-RA, 18-OH-RA
and 4-oxo-RA. For instance, CYP26 was found to be responsible for the 4-hydroxylation
of ATRA (Ray etal. 1997, Whiteetal. 1997). CY P26 is highly substrate (ATRA) specific
and can not metabolize 13-cis-RA or 9-cis-RA {Sonneveld er al. 1998). In the present
study it was found that 13-cis-RA and 9-cis-RA were catabolized with similar turnover
rates as ATRA, which suggests that one or more enzymes analogous to CYP26 are
responsible for the catabolism of 13-cis-RA and 9-cis-RA. To a small degree,
isomerization to ATRA can be involved, however the finding that each retinoid has its
unique pattern of metabolites limits this possibility. Furthermore, other studies have
shown evidence that 4-hydroxylated forms of 9-¢is-RA and | 3-cis-RA are directly formed

from their parental compounds (Eckhoff and Nau 1990, Dzerk et al. 1998). This strongly
suggests that specific CYPs exist that are responsible for the conversion of 9-cis-RA and
13-cis-RA to their corresponding 4-oxo-compounds. The CYP isoform that metabolizes
cis- and rrans-RA-isomers can be different as shown with isomers of retinal. Raner et al.
(1996) demonstrated that in vitro 4-hydroxylation of 13-cis- and all-trans-retinal was
predominantly catalyzed by the CYP1A1 isoform, whereas CYP2B4 and CYP2C3 are
most active in the metabolism of 9-cis-retinal.
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In conclusion, despite variation in their binding to retinoid receptors, all retinoids
did not differ with respect to their capacity to induce growth inhibition, The rate at which
the cells were able to catabolize the retinoid was similar for all compounds. Cellular
metabolism in HNSCC cells leads to a metabolite profile that is unique for each retinoid.
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Abstract

Retinoids show promise in the treatment of various (pre)malignancies, including head
andneck squamous cell carcinoma (FINSCC). It has been shown that metabolic pathways
of retinoids are important in the anticancer effect of retinoids and that these pathways
may change during HNSCC carcinogenesis, We have previously reported that HNSCC
cells have a 17-fold greater turnover rate of retinoic acid (RA) than normal oral
keratinocytes of non-cancer controls, and formation of polar metabolites, such as 4-oxo-
RA and 4-hydroxy-RA, was only seen in HNSCC cell lines. Objective: We aimed to
establish whether this altered retinoid metabolism is an intrinsic characteristicof HNSCC
patients. Methods: The normal mucosa of cancer and non-cancer patients was the source
for keratinocyte cultures. The cells were exposed to RA for various time periods and
levels of various retinoids were measured in the culture medium and cell pellets with
reverse phase liquid chromatography. Results: Cells from cancer patienls were
morphologically normal and showed no genetic aberrations (loss of heterozygosity). RA
turnover rate in normal oral keratinocytes of cancer patients was | 5-fold higher (P =
0.003) than in normal oral keratinocytes of non-cancer controls, with average turnover
rates of 218.6 and 14.8 pmol/mg proteinth, respectively. Specific profiles of RA
metabolites were similar. Conclusions: The observed higher RA metabolism in non-
cancer cells of HNSCC patients suggests that individuals with a relatively high RA
turnover have an increased risk to develop HNSCC.

Introduction
Head and neck squamous cell carcinoma (HNSCC) affects over 500,000 persons per vear
worldwide. It accounts for 10% of all cancer cases and more than 5% of all cancer deaths
(Vokesetal. 1993). HNSCC arises in the mucosa of the oral cavity, pharynx and larynx,
and develops as a result of exposure to carcinogens and cancer-promoting agents in a
multistep process (Harris 1991). Exposure to carcinogens such as tobacco smoke and
alcohol is a major risk factor for HNSCC. Multifocal epithelial injury, related to this
continuous exposure, may lead to a risk for the development of multiple premalignant
foci and multiple primary tumors (Cooper et al. 1989). These second primary tumors,
which occur at an incidence rate of 2 to 3% per year are a major cause of death in
HNSCC patients (Snow 1992). Exposure to carcinogens, however, does not explain all
HNSCC cases. Recent evidence indicated that an hereditary susceptibility to DNA-
damage plays an important role in the development of INSCC (Cloos et al. 1996, Cloos
ct al. 1999).

Retinoids were found to inhibit or reverse the in vifro growth of malignant cells by
its capacity to inhibit cell proliferation and to regulate cell differentiation (Lotan 1980,
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De Luca 1991). Since in vivo models have shown that the processes of initiation and
progression could be delayed or even reversed (Wille and Chopra 1988), retinoids have
been selected as chemopreventive agents. Retinoids were successfully used in the
treatment of oral leukoplakia (Lippman et al. 1988), a potentially premalignant mucosal
lesion, Moreover, the development of second primary tumors following HNSCC could
be prevented or delayed ( Hong et al. 1995).

Although retinoids exhibit clinical activity some limitations are apparent: they are
minimally active in advanced cancer, intrinsic as well as acquired resistance frequently
oceur and the toxic side effects can be serious (Hong and Itri 1994). Variations in
retinoid effects might be explained by differences either between individuals or between
normal and malignant cells. Some studies provide evidence that retinoid pathways are
different in cancer tissues. For instance, expression of RAR-pB, one of the nuclear
receptors involved in retinoid signal transduction is lower in (pre-)malignant tissue as
compared to normal squamous cells ( Xu et al. 1994, Lotan et al. 1995). Further,
differences in retinol esterification between malignant and non-malignant cells were
found (Guo and Gudas 1998). Recently, we have found that RA metabolism is also
different in HNSCC cell lines as compared to normal oral keratinocyte cultures (Klaassen
et al 2001). In short, when exposed to all-frans-retinoic acid (RA) malignant cells
showed a 17-fold greater turnover rate of RA and polar metabolites were formed. These
data implicated that keratinocytes change their retinoid metabolism during the process
of carcinogenesis or it means that keratinocytes of HNSCC patients have an intrinsic
retinoid related defect that is associated with an increased cancer risk. In the present
study we have investigated the mechanisms underlying the altered metabolism in
HNSCC cells. We investigated RA metabolism in normal oral keratinocytes of head and
neck cancer patients and compared these with normal oral keratinocytes of non-cancer
patients and HNSCC cells. A genetic analysis was performed to proof the non-malignant
character of the keratinocytes of the cancer patients. Our results suggest that an altered
retinoid metabolism in oral keratinocytes is an intrinsic factor, associated with an
increased cancer risk.

Materials and methods

Chemicals

All-trans-RA was obtained from Acros Chimica (Geel, Belgium). Retinoids used in HPLC standard
solution, retinol and 13-cis-RA were obrained from Sigma (St. Louis, MO); 4-oxo-all-trans- and 4-oxo-
13-cis-RA were gifts from Dr. U.H. Wicgand (Hoffmann-la Roche, Basel, Switzerland); 4-hydroxy-RA
and 18-hydroxy-RA were gifts from Dr. L. Foley (Roche Pharmaceuticals, Nutley, NJ). All compounds
were dissolved in dimethyl sulfoxide (DMS0) and stored as 10 M stock at -80°C under nitrogen. For
each experiment, working dilutions were freshly prepared in the appropriate cell culture medium. Final
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DMSO concentration was always lower than 0. 1% and did not affect cell growth, [11,12-*H(N) Jall-trans-
RA (30.0 Ci/fmmol) was obtained from NEN (Boston, MA). All handling with retinoids was performed
in subdued light and in the presence of 0.1% BSA to prevent absorption to plastics (Klaassen et al. 1999).

Cells and culture conditions
Normal primary oral keratinocytes (OKC-N) were obtained from the uvulas of non-cancer patients who
underwentuvulopalatopharyngoplasty. Keratinocyte cultures of HNSCC patients (OKC-T') were obtained

from macroscopically normal non-keratinizing mucosal tissue, more than 1 ¢cm away from the tumor.
Tumor locations and staging are listed in Table 1.

Table 1. Characteristics of tumors of patients from
whom tissue was taken adjacent to the tumor

Patient code  Site TNM staging '
1 vallecula fossa T4N3
hypcpharynx T4NZ2b
5 oropharynx T3N1
4 oropharynx T2N2b
5 oropharynx T3NO
6 oropharynx T3NO
T retromolar trigone T1NO
8 oropharynx T2NO
9 tongue TINO
10 retromolar trigone T4N1
5| supraglottic larynx T4AND
12 piriform sinus T3N2b
13 supraglottic larynx T3N2b

' TNM, tumor staging according to the American Joint
Commission an Staging (Hermanek and Sobin 1987)

Cells were isolated and cultured in keratinocyte growth medium (KGM) (Life Technologies. Paisley,
UK) in 6-well culture plates as described previously (Reid et al, 1997). At 70% confluence, primary
cultures of keratinocytes were subcultured and plated at a density of 107 cells/ well. Keratinocytes were
used for experiments at passage 3, when they had reached 70-80% confluence. In this study cleven
human HNSCC cell lines were used. UM-SCC-35, -22A and -14C were provided by Dr. T.E. Carey
(University of Michigan, Ann Harbor, MI) and are described elsewhere (Carey et al. 1990), Cell lines
92-VU-041,92-V1J-059, 92-VU-078, 92-VU-080, 93-VU-094, 93-VU-096,93-VU-147 were established
at the laboratory of Human Genetics, Frife Universiteit, Amsterdam, the Netherlands (Hermsen et al.
1996). The cell line VU-SCC-OE was established from a human HNSCC xenograft in our laboratory
(Welters et al. 1997)]. T9917, originating from a HNSCC in the trigonum retromolare was recently
established in our laboratory and used for experiments at passage 9. The malignant character of this
tumor culture was confirmed by LOH on three 3p (D351293, D3517566, D351274) and three 9p loci
(D98157, D9S171, D9S1751) and a mutation in the TP53 gene . HNSCC cells were maintained in
Dulbecco's Modified Essential Medium (DMEM) (Life Technologies) supplemented with 5% FCS (ICN
Biomedicals, Irvine, UK) and 50 U/ml penicillin, 50 pg/ml streptomyein (Biowhittaker, Verviers,
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Belginm).

Approval for this study was obtained from the Institutional Review Board. Informed consent was
obtained from all patients. From the patient records we collected information on age, gender, smoking
and drinking habits (Table 2). Through questionnaires patients were asked whether they smoked (never,
former or current), how many packs of cigarettes per day and for how many years. One pack-year (PY)
of smoking is equivalent to having smoked one pack (25 cigarettes) per day for one year. Tobacco
consumption of the subjects was stratified in three categories: non-smokers, moderate smokers (less than
30 PY) and heavy smokers (30 or more PY). For alcohol consumption patients were asked whether they
drurk alcohol (never, former or current), how many consumptions (units) of alcohol per day and for how
many years. One unit-year (UY) of drinking is equivalent to having consumed one unit of aleohol per
day for one year. Alcohol consumption of subjects was stratified in three categories: non-drinkers,
maderate drinkers (less than 100 UY) and heavy drinkers (100 or more UY).

Growth inhibition assays

The dose response effect on cell proliferation was determined with the Sulforhodamine B (SRB)-assay.
Details of the assay have been described previously (Braakhuis et al. 1993). In short, cells (1000- 4000
per well) were plated in 96-well plates in DMEM/5% FCS or KGM/0.1% BSA for HNSCC cell lines or
pral keratinocyte cultures. respectively, and were allowed to grow for 72 b (the “lag phase™). Then, the
medium was replaced by medium containing RA with a final concentration ranging from 10" to LO* M.
Growth was assayed after 72 h incubation (the “log phase™), by staining the cellular protein with
sulphorhodamine B (SRB; Sigma-Aldrich) and spectrophotometric measurement of the absorption at 540
nm with a microplate reader (Labsystems Multiskan, Helsinki, Finland).

Metabolism of all-trans-retinoic acid

Keratinoeytes and HNSCC cells were plated at a density of 107 cells per well in 6-well plates. Upon 70 -
80% confluence, the medium was removed and replaced by medium being KGM with 0.1% BSA for
keratinocytes (Klaassen et al. 1999) or DMEM with 5% FCS for HNSCC cells containing 1 pM RA or
10 1M ‘H-RA. As a control RA containing medium without cells was included during the incubation
period. From the medium two samples of 350 ul were taken and after removal of residual medium cells
were washed once with phosphate-buffered saline and collected in 350 pl trypsin/EDTA. The samples
were stored at - 80 °C under nitrogen until retinoid extraction.

Retinoid extraction and HPLC analysis

Retinoids were analyzed by reverse-phase high performance liquid chromatography’ (HPLC) after
extraction with acetonitrile as described previously (Teerlink etal. 1997). In short, to each sample 50 pl
of 1 M sodium acetate buffer (pH 4.0) and 600 pl acetonitrile was added, and afier vortex-mixing the
samples were centrifuged for 2 minat 3000 g. After retinoid extraction, protein content of the pel let was
determined with the Bio-Rad protein assay (Bio-Rad, Hercules, CA). In total 720 pl of the clear
supernatant was transferred to a 2 ml glass autosampler vial, and after addition of 240 ul water the vials
were capped, mixed by inversion and put in the sample compartment of the autoinjector (cooled at 4 °C),
or stored at -80 °C under nitrogen. A Gynkotek (Gynkotek HPLC, Munich, Germany) HPLC system was
used, consisting of a Basic Marathon automatic sample injector, a Model M480G gradient pump. a
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Model UVD 1708 UV detector, and a column heater (Mistral, Spark Holland, Emmen, the Netherlands).
The mobile phase was degassed online using a model GT103 depasser (Gastorr, Bad Honnef, Germany).
Chromelion software { Gynkotek) was used for instrument control and data acquisition. Separation was
performed on a 3-pm Spherisorb ODS2 column (100 x 4.6 mm) from Phase Separations (Deeside, UK)
maintained at 30 °C. and a 10 um C,; guard column from Separations (H.1. Ambacht, The Netherlands).
Composition of the mobile phases and the binary gradient used were as described by Eckhoff & Nau
(1990). UV detection was performed at 340 nm. Retinoids were identified and RA concentrations were
quantified using external standards. Concentrations of RA in the standards were caleulated by
measurement at A,,,, (350 nm) and use of the molar extinction coefficient (45,300) (Furr et al. 1994),
Radiolabelled retinoids were detected with a Packard/Radiomatic Flow-trough monitor (Packard
Instruments, Meriden, CT).

Determination of the turnover rate of RA

Theresults of the HPLC analysis were submitted to stringent selection. Experiments were excluded when
medium controls (without cells) showed a decrease in RA of more than 60% in 48 h. The amount of RA
was calculated relative to the amount of the medium control at the start o the experiment. The turnover
rate was taken as the difference between 4 and 24 h in medium plus cells, corrected for the dacrease in
the medium controls during this period. Next, this relative amount was converted to absolute amounts
in pmol by use of the external standards. The turnover rate was expressed in pmol per mg protein per
hour.

LOH analysts

Microsatellile markers were analyzed at loci on chromosomes 3p and 9p: 3pl2 (D351274), 3pl4
(D381766), 3p24 (D3851293), 9p21 (DIS171, DYS1751) and 9p22 (DIS157). Primer sequences were
obtained from the Genome Database for all of these markers (http://gdbwww.gdb.org). Before PCR
amplification, crude cell extracts of about | x 10° were treated with 1 mg/ml proteinase K for 24h at 52° C
in 100 pl buffer containing 100 mM TRIS (pH 9.0), 10 mM NaCl, 5 mM EDTA, 1% SDS. The DNA was
purified by phenol-chloroform extraction and collected by ethanol precipitation using 2 ug glycogen as
carrier. The DNA was redissolved in LoTE-buffer (3 mM TRIS pH7.4; 0.2 mM EDTA pH 7.5). Normal
DNA was isolated from blood samples obtained at the time of surgery. The DNA concentration was
measured by microtluorometry with the Hoefer Dynaguant (Amersham/Pharmacia Benelux NV,
Roosendaal, the Netherlands). Microsatellite analysis was carried out on an automated ABI PRISM
sequencer (310 Genetic Analyzer. PE Applied Biosystems, Nieuwerkerka/d L ssel, the Netherlands). One
primer (Isogen Bioscience, Maarssen, the Netherlands) of each marker was end-labeled with one of the
fluorescent dyes FAM, HEX or NED. DNA (10 ng) was amplified by PCR in a total volume of 10 pl
containing 2 pmol of each labeled and unlabeled primer, The PCR bufferincluded 1 0 mM TRIS-HC] (pH
8.3), 50 mM KCI, 1.5 mM MgCl, 0.2 mM deoxynucleotide triphosphate and 0.5 U of Tag DNA
polymerase (AmpliTaq, Perkin Elmer, Gouda, the Netherlands). PCR amplifications of each primer set
were performed for 35 cycles consisting of denaturation at 94 °C for | minute, annealing at 35 to 65 °C
(depending on the primer set) for 1 minute, and extension at 72 °C for 2 minutes. The amplified product
was diluted in sterilized water, usually 1:5-1:10 times. For analysis, 12 ul deionized formamide was
combined with 0.5 ul Genescan-350 [ROX] size standard (PE Applied Biosystems) and 1 wl of diluted
PCR product in a Genetic Analyzer sample tube. The samples were loaded on an ABI PRISM 310
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Genetic Analyzer and nin following the supplier’s protocol. The data were analyzed with GeneScan
Analysis software (version 1.2. PE Applied Biosystems). LOH was scored if one allele was decreased
by greater than 50% in the cell line sample when compared with the same allele in normal DNA, isolated
from peripheral blood Iymphocytes.

Statistical analysis

Differences between cell types with respect to RA turnover rate, growth and age of the patients was
calculated using the Student’s t-test. The correlation between age and growth versus the RA turnoverrate
was established using linear regression analysis.
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Figure1. Scatterplot of turnover rate (pmol RA/mg protein/h) for all cell cultures indicated in the
time period between 4 and 24h after exposure to 1 mM RA. The mean is presented as a horizontal
line (mean + SD: OKC-N, 14.8 +19.0; OKC-T, 218.6 + 158.6;, SCC, 275.3 + 305.8). OKC-N (¥, n=11),
oral keratinocyle cultures of non-cancer patients; OKC-T (V, 1 = 13), oral keratinocyte cultures of cancer
patients; SCC (2, n=12), head and neck squamous cell carcinoma cell lines. RA Turnover rate of OKC-
T and 8CC was significantly higher than that of OKC-N (£ = 0.003 and P =0.014). Difference in turnover
rate between OKC-T and SCC was not significant (P = 0.51)
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Results

Normal oral mucosa of non-cancer patients and normal mucosal tissue, adjacent to the
tumor from cancer patients were isolated and keratinocytes were cultured. The
macroscopically normal mucosal tissue from cancer patients, appeared to be normal as
Jjudged from histopathological examination; also, the keratinocyte cultures derived from
it showed a normal morphology. To confirm the non-malignant nature of the
keratinocyte cultures they were subjected to LOH analysis of loci at 3p and 9p. Allelic
loss of these loci is known to be associated with early steps of HNSCC carcinogenesis
(Califano et al. 1996). None of the keratinocyte cultures showed genetic aberrations,
confirming the non-malignant character of the cells.

To investigate RA turnover, cells were exposed to 1 pM RA, Turnover rates were
determined from the decrease of RA in cells and medium together. In Figure 1 the
tumover rate of the different cell types is plotted. OKC-N cultures showed a very low RA
turnover rate and the difference between cultures was very small. OKC-T cultures
showed much more variation in turnover rate and this was on average 15-fold faster than
that of OKC-N cultures. SCC cultures (T9917 included) had on average a 19-fold higher
turnover rate as compared to OKC-N cultures.

Statistical analysis showed that the turnover rate of the OKC-T cultures and the
HNSCC cell lines were significantly higher than that of the OKC-N cultures (7 =0.014
and P = 0.003, respectively). No significant difference in turnover rate was found
between OK.C-T and HNSCC cultures (P = 0.51),

Parameters that possibly influence RA turnover rate, such as smoking and
drinking status, age and gender are listed in Table 2 for cancer and non-cancer patients.
Cancer patients were significantly older (P=0.02, Student’s t-test), and consumed more
tobacco and alcohol, as presented in Table 2, than non-cancer patients. Age did not have
significant influence on turnover rate within either of the groups (regression analysis, P
> 0.4). When stratifying tobacco and alcohol consumption in groups of none, moderate
and heavy users, a positive association between tobacco consumption and RA turnover
could not be demonstrated (see Table 3); on the contrary, the results rather point to an
inversed relationship. Turnover rate was also not related to tumor site or stage.

Growth inhibition tests were conducted on the cell cultures to investigate whether
RA sensitivity is related to RA turnover rate. In both groups a large variation in growth
after exposure to 1 pM RA was observed (Table 3), and a significant correlation with
turnover rate or a difference between study groups could not be found.
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Table 2. Overview of characteristics of non-cancer controls (n = 11)
and cancer patients (n = 13)

Non-cancer controls Cancer patients

(%) (%)

Age

Mean 444 +11.0 54.7+85

Range 26.5-65.3 408-72.8
Sex

Male 11 (100) 11 (84.6)

Female 0 (0) 2(15.4)
Smoking Status

Never 2(18.2) 0 (0)

Farmer 2 (18.2) 6 (46.2)

Current 5 (45.5) 6 (46.2)

Unknown 2(18.2) 1(7.7)
Tobacco consumption

None 2(18.2) 0 (0)

Moderate 5 (45.5) 3(23.1)

Heavy 2(18.2) 9 (69.2)

Unknown 2(18.2) 1(7.7)
Drinking Status

Never 3. [27.3) 2(154)

Former 1(9.1) 4 (30.8)

Current 5 (45.5) 6 (46.2)

Unknown 2(18.2) 1)
Alcohol consumption

None 3 (27.3) 2 (15.4)

Moderate 5 (45.5) 2 (15.4)

Heavy 1(9.1) 8 (61.5)

Unknown 2(18.2) 1(7.7)
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Table 3. Growth and turnover rate and the influence of
tobacco and alcohol consumption in oral keratinocyte
cultures of non-cancer patients (OKC-N) and cancer
patients (OKC-T)

OKC-N(n=11)  OKG-T (n=13)

Mean 8D Mean SD
Growth' 408 18.7 492 230
Turnover?
Mean of all 148 19.0 2186 158.6
Tobacco consumption
None 19.2 1486 n.a.
Moderate 215 255 3329 141.0
Heavy 40 56 186.9 162.2
Alcohol consumption
None 20 541 360.8 183.1
Moderate 274 225 2651 B85
Heavy 79 na 1272 952

" Growth at 1 mM RA as compared to unireated cells (%).  RA turnover
{pmol/mg protein/h), in the time period between 4 and 24h after exposure to
1 mM RA. Mean of all and separate values stratified by tobacco or alcohol
consumption are given. n.a.= not applicabla.

The metabolites formed after exposure to 1 uM RA were analyzed in all different
cell types (Figure 2). HNSCC cell lines were found to catabolize RA to polar metabolites
like 4-hydroxy-RA and 4-oxo-RA, while normal oral keratinocytes from either non-
cancer and cancer patients bearing individuals did not. In addition, we exposed the cells
to10 nM "H-RA to be able to recover all RA-derived products. Despite this sensitive
method, polar metabolites were not detected in OKC-N and OKC-T (Figure 2). A more
detailed presentation of the kinetics of 10 nM *H-RA is given in Table 4.

When the total of cells and medium is taken together, recovery per time point for
cach cell type is near to 100%, indicating that almost nothing of the initial radioactivity
is lost by the experimental procedure. The decrease of RA over ime coincided with an
increase of peaks with a short retention time (0-10 min) in all cell types. In HNSCC cell
lines also an increase of polar metabolites (10-15 min) could be observed.
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Figure 2. Representative HPLC profiles of retinoid metabolites in the medium of normal
keratinocyte cultures of non-cancer patients (OKC-N) and cancer patients (OKC-T) and HNSCC
cell lines (SCC) exposed to 1 mM RA (left) or 10 nM *H-RA (right) for 24 h and 48 h. In contrast to
the keratinocyte cultures of cancer as well as non-cancer patients, the tumor cell lines are characterized
by the ccecurrence of polar metabolites. Peak 1, 4-0x0-RA; peak 2, 4-oxo-cRA; peak 3, 4-OH-RA; peak
4, 18-0OH-RA; peak 5, 5,6-epoxy-RA; peak 6, 13-cis-RA; peak 7, 9-cis-RA; peak 8, all-frans-RA; peak
g, retinol; polar metabolites, metabolites corresponding with peaks with retention times between 10 and
15 min. Note that scale is chosen to show all individual peaks and as such that not all peaks are visible
in full length
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Table 4. HPLC-analysis of cell culture medium and cells after exposure to 10 nM *H-RA.

Cell Retention i=0h t=4h 1=24h t=48h
lype fime? control medilim cells medium cells i cills
OKC-N 0-58 TO+15 Ti:08 05+0.1 0.7+ 34 10201 28039 D707
5-10 41+05 d4+20 07 +041 BE+10 (L7 =101 85+18 D8+01
10-15 40£02 41£086 0B+0.1 54405 08201 53:08 07201
18-19 5805 62+1.8 13402 81+12 13403 57+05 10201
19-25 T56£114 63661 48207 5T.2211.0 48208 an5+68 20203
25-30 34£03 28+04 0601 34108 8+ 0.1 464085 09102
Recovery* 100.0 B8.3 8.4 817 a.0 2.6 &0
OKC-T 0-5 BB +02 12008 22+01 201+33 142058 333+£27 13=:02
5-10 52:02 6.9+04 05+40.0 91 +15 05100 e rray 0g 01
109-15 G814 6802 11400 71207 0.7 +01 T4+07 0og+01
15-19 8209 8710 20401 91£12 22403 B2+£1.3 2001
19-25 668£55 S1.4£51 E7+02 37TTx23 50+08 230+22 33207
25-30 40+08 3304 0701 29103 09101 31705 0B8zx02
Recovery 100.0 888 12.6 86.0 11.1 1.3 a2
HNSCC 0-8 FEES R 16832 12102 252:29 0.7£01 29735 07200
5-10 38+1.7 4610 06+0.2 14617 05101 187+26 D4+01
10-15 48+07 1T £33 02+02 166 £2.4 07104 172+13 05201
15-18 48203 To0e16 05+02 68+05 05101 78+03 060D
19-25 Tr1£48 4621115 32+£0.3 21.8x24 1803 146+ 1.0 09+02
25-30 2007 2204 0702 25101 0.94+00 24 +01 0.o+03
Recovery 100.0 234 7.2 873 a1 825 39

Cell culture medium and cells were analyzed with HPLC after exposure for various times (mean of three separate
experiments + SD is shown). Values are expressed as a percentage of the total area under the curve of the relevant
part of the chromatogram. Control (medium without cells) at t = 0 h is set at 100%. 'Retention time is expressed in
minutes. For clarity, 13-cis-RA, 9-cfs-RA and RA are taken together in the cluster with retention times 19 -25 min,
The cluster with retention times 10 -15 min contains the polar metaboliles. *Recovery is given for each time point,
medium and cells separated, and is expressed as the sum of the relative amounts of all retention times together

Discussion

The main finding of this study is that RA turnover rate in normal oral cells of HNSCC
patients is significantly (15-fold) higher than in normal oral cells of non-cancer patients.
This is an intriguing finding, since turnover level is close to what was found in HNSCC
cells, which metabolize RA 19-fold faster than normal cells of non-cancer paticnts.
Although, the OKC-T and HNSCC cell lines show similar high RA turnover rates we
have evidence that the cells isolated from cancer patients were not malignant.
Microsatellite marker analysis showed no genetic alterations associated with HNSCC
carcinogenesis. Moreover, the metabolic profile of retinoid metabolites in the medium
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of the OKC-T was identical to that of OKC-N. In an earlier study we demonstrated that
the catabolism of RA in HNSCC cell lines coincided with the formation of polar
metabolites, such as 4-hydroxy-RA and 4-oxo-RA (Klaassen et al. 2001). These polar
metabolites could not be detected in OKC-N and also not in OKC-T. The dramatic
change in metabolic profiles appears most probably as an acquired genetic change during
carcinogenesis.

In order to explain the differences in RA turnover rate between OKC-N and OKC-T
we considered that environmental factors might have played a role. The direct influence
of these factors on the outcome of the in vitro assays is expected to be minimal and all
cells were cultured in the similar culture medium and under similar conditions.
Nevertheless, between cancer patients and control persons there was a difference in the
amount of alcohol and tobacco consumption. When comparing RA turnover rates in
groups of none, moderate and heavy users it could, however, not be demonstrated that
the level of RA turnover is proportional to tobacco and alcohol consumption (see Table
3); if any, there rather was an inverse relationship.

Other differences between cancer and control subjects were age and location of the
tissue. Age was significantly higher in the cancer patient group, but within that group no
correlation between age and turnover score was observed. Tissue from non-cancer
patients was taken from wvulas only, while tissue from cancer patients was taken from
various locations of the upper-aerodigestive tract. Distinction in tissue location is,
however, also unlikely a reason for the difference in RA turnover rate, as we see no
influence of the specific site on the turnover rate among these patients. Moreover, many
samples originate from sites near the uvula and all tissues share a similar histology, being
non-keratinized squamous epithelium.

Our study shows that an interindividual variation in RA turnover exists and that a
high RA turnover is associated with an increased risk to develop HNSCC. These results
are in line with those reported by Rigas et al. for squamous and large cell lung cancer
(Rigas etal. 1996). The plasma concentration over time was measured after a single dose
of RA and it was found that a rapid decrease of RA levels was linked with a higher risk
for lung cancer. It appears that the phenotype of rapid retinoid catabolism is a risk factor
for cancer of the respiratory and upper digestive tract. Thisis in line with the concept that
relatively low intracellular RA levels, a possible result of a high turnover, has a
promoting effect on the development of cancer. This concept confirms that retinoid
supplementation can be used to inhibit or reverse the process of carcinogenesis (Lotan
1996). Moreover, epidemiclogical studies indicate thata decrease of ingestion of vitamin
A is associated with an increased risk for oral cancer or cancer of the larynx (Graham
1984).
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Based on all considerations above, it is most likely that the observed variation in
RA turnover is due to an intrinsic variation between individuals. [tis still to be elucidated
what the underlying genetic basis of this intrinsic variation might be. We considered a
genetic polymorphism of metabolic enzymes, like cytochrome P450 (CYP) enzymes, the
most likely explanation. The most specific CYP for catabolism of RA is CYP26 (Ray et
al. 1997, White et al. 1997). If a polymorphism in CYP26 is found to be responsible for
arelatively high RA turnover, tests may be designed to identify cancer-prone individuals.
On the basis of this cancer susceptibility marker it can be decided who should be selected
for chemoprevention trials. To provide evidence for the genetic background of this
retinoid turnover we performed experiments with cultured lymphocytes. Unfortunately,
these cells can not be used with this currently used method since we have found that RA
metabolism was very low in these cells and we could not found differences between

individuals. This is in line with the study of Buck K et al. who reported a lack of

synthesis of endogenous RA and a slow turnover of exogenous RA in cultured
Iymphoblasts (Buck etal. 1991). These authors suggested that lymphocytes use a retinoid
metabolic pathway that does not involve the formation of RA.

In summary, in this study we report an enhanced catabolism of RA in normal cells
of cancer patients, while the cells appeared morphologically and genetically normal. This
suggests that intrinsic factors influenced the turnover rate of RA and that a high RA
turnover is a risk factor for the development of HNSCC, The cause of this difference is
unknown, but it is tempting to speculate that this will be due to genetic polymorphisms
in metabolic enzymes.
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Chapter 9

General discussion

Retinoids have potential for the prevention of head and neck squamous cell carcinoma
(HNSCC). Administration of retinoids has been shown to induce regression of
premalignant lesions in the oral cavity and larynx. Furthermore, these compounds are
capable of inhibiting the development of second primary tumors (SPTs) in patients
curatively treated for HNSCC. Major problems in retinoid chemoprevention are the inter-
individual differences in response and in toxicity as well as the transient character of the
response. Over the last years it has become clear that inter-individual variation exists
with respect to the metabolism of these retinoids. This variation may explain differences
in response, in toxicity and in cancer risk. Moreover, the mechanism of action of
retinoids involves changes in gene expression mediated by nuclear retinoic acid receptors
(RARs and RXRs), which appear to function as transcription factors. Expression of these
retinoid receptors may be important in the development, prevention and treatment of
HNSCC.

In this thesis retinoid metabolism is described in normal oral keratinocytes of
cancer and non-cancer patients, and in HNSCC cells (Chapter 4, 5, 7 and 8). Our
observations point to fundamental differences in retinoic acid (RA) metabolism between
normal oral keratinocytes and HNSCC cells and may provide clues to a more rational
approach for RA intervention during HNSCC carcinogenesis. Furthermore, the
differences in RA metabolism between normal keratinocytes of cancer patients and non-
cancer patients point to aberrant retinoid metabolism in cancer patients which may
explain the higher cancer risk. Aberrations in expression of RAR~y, which we found to
be related to RA-sensitivity in HNSCC cell lines (Chapter 6), and expression of certain
CYP26A1 (CYP = cytochrome P450 enzyme) polymorphisms may attribute to low
success rates in chemopreventive treatment with retinoids (Chapter 8). In general, our
resulls provide further knowledge about the mechanisms of RA metabolism and provide
a basis for the application of retinoids in chemoprevention.

Retinoid blood plasma level as biomarker

In Chapter 3 we described the fate of plasma retinoid levels of patients that received
retinyl palmitate (RP)during the EUROSCAN trial. RP is a precursor of retinol and it is
in this form that retinoids are normally stored in the liver. Only when needed it is
converted to retinol and released in the blood stream (Blomhoff ef al. 1990). The
EUROSCAN Study was designed to test whether RP and N-acethyleysteine could
improve the prognosis of patients, most of whom had a history of smoking, treated for
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HNSCC or for lung cancer by preventing SPTs (de Vries ef al. 1991). An earlier, but
relatively smaller, study with RP in the same group of patients suggested that this agent
had protective activity (Pastorino ef al. 1993). Further, RP administration can lead to
increased 13-cis-RA levels in blood plasma (Tang and Russel 1991), and of this retinoid
it is known that it can be active in preventing SPT in HNSCC patients (Hong et al.
1990). The outcome of the EUROSCAN trial was, however, disappointing, since no
benefit - in terms of survival, event-free survival, or SPTs - in the treated as compared
to the untreated patients was found (van Zandwijk er al. 2000). The small study
described in Chapter 3 of this thesis showed that after one month of daily RP intake the
plasma concentration of 13-cis-RA increased 5.8-fold and that of 4-0x0-13-cis-RA 8.9-
fold in 10 patients. After twelve months plasma levels of these two compounds remained
high. Thus, although significant amounts of 1 3-cis-RA and 4-oxo- 1 3-cis-RA were found
in the blood of patients treated with RP, no protective activity could be cbserved.
Possibly intracellular levels of the target cells, which do not reflect those in blood, are
too low. However, as stated in Chapter 3, 4-oxo-13-¢is-RA is a suitable marker to
monitor patient compliance of RP intake during chemoprevention trials.

Differences in RA metabolism between normal and malignant cells

In Chapter 5 we deseribed several differences between normal oral keratinocytes and
HNSCC cell lines with regard to RA-induced growth inhibition, RA turnover rate and
metabolic pathways of RA.

In the medium of HNSCC cells, but not in that of normal keratinocytes,
metabolites were found that were identified as the typical oxidation products of RA, such
as 4-0x0-RA. 4-oxo-cRA, 4-OH-RA and 18-OH-RA. The presence of these so-called
“polar metabolites™ strongly indicates the involvement of CYP26A1 activity or that of
other CYPs (Ray et al. 1997, White ef al. 1997, Nadin and Murray 1996). Evidence of
the involvement of CYP26A | was found, since mRNA expression of this enzyme could
be measured in the majority of the HNSCC cell lines, and not in normal keratinocytes.
Furthermore, ectopic overexpression of CYP26A1 increased the formation of polar
metabolites 12-fold. These results together suggest that CYP26A 1 or analogous enzymes
determine the formation of polar metabolites in HNSCC cells. This makes CYP26A1 an
interesting target in the treatment of HNSCC. Prolonged high intracellular RA
concentrations could be achieved by the inhibition of this enzyme.

The approach of blocking CYPs was already suggested by Van Wauwe and
Janssen in 1989, but the clinical application has until now been unsuccessful. Liarozole,
which was the first clinically tested RA metabolism blocking agent (RAMBA),
demonstrated anti-tumor effects, but did not have an optimal P450 inhibition profile
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(Miller 1998). A new RAMBA, called R 115866, was recently tested in rodents and was
found to inhibit CYP26-dependent RA conversion in a nanomolar range and was about
three orders of magnitude more powerful than liarozole (IC,, = 3 pM) (Stoppie ef al.
2000).

There are however be some potential drawbacks of blocking CYP that should be
taken into account. At first, there may be a lack of selectivity; prolonged high RA
concentrations may have toxic effects on nonmalignant epithelial and liver cells. Second,
CYP26A1 may not be the only enzyme responsible for RA catabolism in HNSCC cell
lines, since we found CYP26A1 mRNA expression in five of nine cell lines.
Furthermore, as we described in Chapter 7, RA can be isomerized and consequently 13-
cis-RA and 9-cis-RA can be catabolized by other enzymes. For these reasons retinoids
should be found that are not easily catabolized in HNSCC cells, and have a better
(selective) anti-tumor activity.

RA-sensitivity is related to RAR-y expression.

In HNSCC RAR-y mRNA expression was found to be frequently reduced compared to
normal squamous cells (Hu ef al. 1991). In Chapter 6, the mRNA cxpression of four
receptor subtypes was investigated in HNSCC cell lines and revealed that RAR-y
expression was related to the level of RA-induced growth inhibition and the level of RA
turnover. Our investigations in HNSCC cell lines confirmed other results with RAR-y
(Oridate et al. 1996; Sun ef al. 1999, Le ef a/. 2000).

The results suggest that RA-sensitivity can be enhanced by restoring RAR-y
expression. Thus, one of the approaches could be local gene therapy with RAR-y in
tumor cells to re-activate RA-induced growth inhibition. Another approach may be the
use of RAR-y independent retinoids. [t was found that inhibition of cell growth and/or
anti-tumor activity could also be achieved through other receptors. LGD1069 (Targretin),
for instance, is a retinoid X receptor agonist that modulates cell proliferation (Gottardis
et al. 1996; Miller et al. 1997) and was shown to have an efficacy equivalent to that of
tamoxifen in mammary carcinoma with no classic signs of “retinoid-associated”
toxicitics (Bischoff et al. 1998).

Intrinsic variation in RA turnover vate in normal oral keratinocytes
between individuals

In Chapter 8 astudy is described in which evidence was provided for intrinsic differences
between individuals concerning RA turnover rate. Cultured normal oral keratinocytes
from cancer patients appeared to have a much higher turnover of RA than normal oral
keratinocytes of non-cancer patients. An increased metabolic activity could not be
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attributed to permanent alterations as a consequence of exposure to tobacco carcinogens
or alcohol, since no relation was found between exposure data and the turnover rate of
RA. These results suggest that a genetic factor is involved in retinoid metabolism that
may explain an increased risk to develop HNSCC. The variation in RA turnover is likely
to be related to a genetic polymorphism of RA catabolizing enzymes of which the most
likely candidates are the cytochrome P450 enzymes (CYPs). CYP enzymes represent a
large family consisting of more than 100 enzymes in the human body and are involved
in the metabolism of many xenobiotics, drugs and carcinogens as well as endogenous
compounds, including steroids and retinoids (Guengerich 1989). Genetic polymorphism
plays an important role modulating drug interactions with the CYP metabolic enzyme
system and several mutant alleles have been described (Bartsch er a/. 2000, Brockmoller
etal 2000, Nair and Bartsch 2001). Environmental factors such as smoking, diet and co-
administration of medications might also influence the CYP enzyme activity. By the use
of genotyping or phenotyping methods every individual can be classified as either apoor,
an intermediate, an extensive or an altrarapid metabolizer (Van der Weide and Steyns
1999, Tanaka 1999). Having such information will help in determining the appropriate
dosage of certain drugs when treating patients with an inherited abnormality of a drug-
metabolizing enzyme.

New strategies in retinoid chemoprevention

HNSCC chemoprevention studies have not resulted in a standard treatment protocol for
the prevention of SPT. Although some success has been reported with the administration
of 13-cis-RA, a high toxicity precluded its further use (Hong ez al. 1990). A trial with a
lower dose of 13-cis-RA will be evaluated in 2002. The administration of RP in the
EUROSCAN trial was not able to prevent the occurrence of SPTs (van Zandwijk et al.
2000). About this lack of effect can only be speculated, but may be related to the
pharmacodynamic shortcoming of the compound, namely to increase intra-cellular levels
of the relevant retinoic acids (sce chapter 3 of this thesis). A so-called second generation
retinoid, etretinate did not prevent the occurrence of SPT, as published by the French
GETTEC group in 1996 (Bolla ef al. 1996). Altogether, it can be concluded that the
search for new active retinoids needs to be continued.

A. New synthetic compounds

In addition to the natural retinoids ATRA, 9-cis-RA and 13-¢is-RA, several novel
retinoid compounds have been synthesized, and the hope is that these derivatives may be
able to provide similar efficacy as 13-¢is-RA with fewer side effects. Among these novel
compounds, the best characterized to date is all-frans-N-(4-hydroxyphenyl)retinamide
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(4HPR or fenretinide), which is currently under evaluation in clinical trials as a
chemopreventive agent against head and neck, and breast cancer (Conley ez al. 2000) and
has been tested in lung, prostate, and bladder cancer (Kurie e al. 2000; Thaller ef al.
2000; Torrisi ez al. 2000). Fenretinide is a synthetic retinoid that is reported to have less
toxic side effects compared to natural occurring retinoids such as RA and 9-¢is-RA and
has been shown to induce apoptosis even in RA-resistant cell lines (Ulukaya and Wood
1999). Other novel synthetic retinoids, such as CD437 and anhydroretinol also have
potent receptor-independent apoptosis-inducing activity (Chener al. 1999, Oridate et al.
1997).

Some of the novel synthetic retinoids have selective retinoid receptor activity.
ALRT1550, a high-affinity ligand for all three RARSs, has shown to have potent anti-
tumor activity against human oral squamous carcinoma xenografts in nude mice
(Shalinsky ef al. 1997). LGDI1069 (Targretin) is a retinoid X receptor agonist that
modulates cell proliferation (Gottardis et al. 1996; Miller et af. 1997). CD437, which acts
in a receptor (RAR-y) dependent manner, activates and upregulates the transcription
factor AP-1, leading eventually to programmed cell death (Sun ef al. 2000).

B. Combination therapies

Combinations of retinoids with cytokines, such as interferons, receive currently much
attention. Studies in cervix cancer and squamous carcinoma of the skin have been
successful, with 50% and 68% response rate, respectively (reviewed in Eisenhauer et al.
1994). There is evidence to suggest that interferons may modulate the retinoid-signaling
pathways by inducing or increasing the expression of RARs or RXRs. rendering cells
more sensitive to retinoid actions and even restoring retinoic acid sensitivity in RA-
insensitive cells (Marth ef al. 1986; Fanjul e al. 1996).

Another strategy is based on the cooperative effects with agents acting on other
steroid hormone receptors, resulting in synergistic activation of the receptor
heterodimeric complex. Besides dimerizing with RARs, RXRs can form dimers with
many other nuclear receptors of the steroid/thyroid hormone receptor family. This family
includes the androgen receptor (AR), the estrogen receptor (ER), the glucocorticoid
receptor (GR), the mineralocorticoid receptor (MR), the peroxisome proliferator-
activated receptor (PPAR), the progesterone receptor (PR), the thyroid hormone receptor
(TR), the vitamin D receptor (VDR), and various orphan receptors. Thus, RXRs may
participate in many different signaling pathways and act as important factors in the cross-
talle between retinoids and other hormones.

Cooperative effects on growth inhibition using a combination of a retinoid with
a vitamin D3 analogue have been observed in several experimental systems, including
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lung cancer cells (Higashimoto ef al. 1996), pancreatic cells (Zugmaier ef al. 1996) and
the HL-60 leukemic cells (Flstner ez al. 1996). Other strategies are the use of selective
estrogen receptor modulators (SERMs), polyamine biosynthesis inhibitors (e.g.
difluoromethylornithine), cyclooxygenase-2 (COX) inhibitors and several other agent
classes (Hong and Sporn, 1997; Lippman ef al. 1998).

The discovery of new, synthetic retinoid analogues will enable more effective
therapy with less toxicity than the natural occurring retinoids. The evaluation and
characterization of their mechanism will also contribute to a better understanding of the
head and neck carcinogenic process and is essential for a rational approach in
chemopreventive intervention. New agents may be useful in advanced discase or in an
adjuvant setting in combination with other steroid hormones, inhibitors of specilic signal
transduction pathways, or in combination with cytotoxic chemotherapy agents currently
in use in the clinic.
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Summary

In Chapter 1 a general introduction on retinoids and its potential role in HNSCC is
provided.

In Chapter 2 an investigation on the stability and availability of RA and its
isomers 13cRA and 9cRA during experimental procedures are described. This study
revealed the importance of the choice of culture medium and the addition of serum
albumin to prevent loss by adherence of retinoids to plastics. From this study an approach
for reliable and reproducible experiments was developed.

In Chapter 3 a study is reported in which plasma retinoid levels were measured
in HNSCC patients before and after one month treatment with retinyl palmitate as
compared to control persons. Cancer patients did not differ from control persons with
respect to retinoid levels in blood plasma. Medication caused significant elevations of
retinol levels (1.2 fold), all-trans-RA (2.2 fold), |3-cis-RA (5.8 fold) and its metabolite
13-cis-4-0x0-RA (8.9 fold). Because of its high levels, 13-cis-4-0x0-RA seems a good
candidate to assess compliance during chemoprevention trials involving retinoids.

In Chapter 4 the results of three HNSCC cell lines show that a high turnover rate
of RA is associated with a high level of RA-induced growth inhibition. The turnover
process coincided with the formation of a group of polar retinoid metabolites, as was
measured with high performance liquid chromatography (HPLC) using UV or
radioactive detection. Evidence was found that these polar metabolites were not the
cause of the RA-induced growth inhibition.

In Chapter 5 the detailed analysis of RA metabolism and RA-induced turnover
is presented for normal oral keratinocytes and HNSCC cell lines. A number of
differences have been found between these different cell types. Turnover of RA in
HNSCC cell lines was on average 17-fold faster than that of the oral keratinocytes and
formation of polar metabolites was only observed in HNSCC cell lines. CYP26A1 (an
enzyme known to be involved in retinoid catabolism) was highly inducible in two
HNSCC cell lines with the highest RA turnover rates. These observations point to
fundamental changes in RA metabolism pathways during HNSCC carcinogenesis and
may provide clues to a more rational approach for RA-mediated intervention.

In Chapter 6 a study is reported on the relation between mRNA expression of
nuclear retinoid receptors (RAR-, -B and -y and RXR-p) and the RA-induced growth
inhibition in five HNSCC cell lines. In some cell lines reduced expression of RAR-
and/or RAR-y was observed, but only for RAR-y an association was found with RA-
induced growth inhibition in these cell lines. These findings suggest that in HNSCC cell
lines RAR-y is the most important retinoid receptor for regulation of RA turnover rate
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and RA-induced growth inhibition.

In Chapter 7 a study is shown on the growth inhibition and turnover rate of four
retinoid compounds (retinol, ATRA, 13-cis-RA and 9-cis-RA) in four HNSCC cell lines
and normal oral keratinocyte cultures. All retinoids were similar with respect to their
capacity to induce growth inhibition and the rate at which the cells were able to
catabolize the retinoid. A cellular metabolism resulted in a pattern of metabolites that is
unique for each retinoid and not cell line dependent. Our findings indicate that the
differences in retinoid receptor selectivity of these compounds does not influence the
level of growth inhibition or rate of metabolism.

In Chapter 8 an analysis is described of RA turnover in normal oral keratinocytes
cultures of cancer patients (OKC-T) versus that of non-cancer patients (OKC-N). LOI
analysis confirmed the non-malignant character of the OKC-T cultures. Interestingly,
turnover of RA in keratinocytes originating from cancer patients was on average 15 times
faster. The type of metabolites was the same as observed in OKC-N. These results
suggest the involvement of a genetic factor in retincid metabolism, which may be related
to an increased risk for HNSCC. A polymorphism of the CYP26A1 gene may form the
basis of the observed variation.
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Het onderzoek in dit proefschrift betreft de werking van vitamine A-zuur, een
metaboliet van vitamine A, bij hoofd-hals plaveiselcelcarcinoom (HHPCC). Tabak en
alcohol zijn de voornaamste risicofactoren voor het ontstaan van plaveisel-
celcarcinomen in het slijmvlies van de bovenste lucht- en voedselweg, terwijl ook
genetische aanleg een belangrijke rol speelt. Wanneer deze tumoren in een vroeg
stadium worden ontdekt, kunnen zij met behulp van chirurgie of bestraling meestal
curatief’ behandeld worden. Patiénten met tumoren in een meer gevorderd stadium
hebben een slechte prognose: meer dan de helft van hen overlijdt binnen vijf jaar ten
gevolge van lokaal/regionaal recidief of metastasen op afstand. Daarnaast bestaat bij
patiénten, die genezen zijn van cen HHPCC een relatief groot risico op het
ontwikkelen van een tweede primaire tumor in hetzelfde anatomische gebicd, de
slokdarm of de longen. Gebleken is dat 2 a 3% van de patiénten per jaar zo'n tweede
primaire tumor ontwikkelt. Omdat deze tweede primaire tumoren ontstaan in reeds
behandeld gebied of op notoir ongunstige plaatsen, hebben deze patiénten een slechte
prognose.

Het ontstaan van tweede primaire tumoren is mogelijk tc voorkomen met
chemopreventieve therapie (het toedienen van middelen die het ontstaan van kanker
remmen of voorkomen). Omdat vele onderzocken uitgewezen hebben dat het eten van
groenten en fruit een beschermende werking tegen kanker heeft, werden vitaminen
gezien als goede kandidaten voor het voorkomen van deze tweede primaire tumoren.
Afgeleide stoffen van vitamine A, retinoiden genoemd, zijn in HHPCC patiénten als
chemopreventieve middelen het meest onderzocht.

Hong en medewerkers publiceerden in 1990 dat een retinoide in staat was de
ontwikkeling van tweede primaire tumoren in hoofd-hals kanker patiénten te remmen.
Patiénten die genezen waren van een primaire tumor kregen 13-cis-RA (een isomeer en
analoog van vitamine A-zuur; retinoic acid, RA) voorgeschreven. Van de 49
behandelde pati€énten kregen slechts 2 een tweede primaire tumor, terwijl dit het geval
was voor 12 van de 51 personen van de onbehandelde controle groep. Er dient
opgemerkt te worden dat er kritick op deze studie was en dat deze behandeling niet
algemeen ingang heeft gevonden. Hoe dan ook, uit deze studie blijkt dat deze therapic
niet voor elke patiént succesvol is en dat bij een relatief groot aantal patiénten ernstige
bijwerkingen optreden. Er zijn ondertussen resultaten van ander klinisch onderzoek
met retinoiden bekend geworden, weliswaar met een lagere toxiciteit, maar helaas
zonder effect op het ontstaan van tweede primaire tumoren. Voor het veilig en effectief
toepassen van retinoiden is het van belang om te weten wat het verschil in werking van

158

Nederlandse samenvatting

deze stoffen tussen patiénien veroorzaakt. Vervolgens zou er voor elke patiént een
individueel aangepaste therapie ontworpen kunnen worden. Carcinogenese is een
meerstaps proces, waarbij fouten in het DNA zich ophopen gedurende de ontwikkeling
van normale plaveiselcellen tot een kwaadaardige tumor. Om tot een efficiéntere
behandeling te komen is het van belang om te bepalen gedurende welke stappen het
nog mogelijk is met behulp van retinoiden het proces van carcinogenese te remmen.

In dit proefschrift wordt een onderzoek beschreven dat nagaat of er verschillen
zijn in de werking van retinoiden tussen individuen en of deze verschillen veranderen
gedurende het kankerproces. Om deze vragen te beantwoorden zijn cellen in kweek
gebracht van HHPCC en van normale plaveiselcellen afkomstig van zowel HHPCC-
patiénten als van patiénten zonder HHPCC. In deze cellen is bepaald: de gevoeligheid
voor retinoiden, de snelheid van afbraak van retinoiden en de expressie van
verschillende genen die hierbij betrokken zijn.

HOOFDSTUK 2

Een belangrijke voorwaarde voor in virro onderzoek is dat experimenten betrouwbaar
en reproduceerbaar gedaan kunnen worden. Bij de experimenten in normale cellen
deden zich in vergelijking met tumorcellijnen nogal eens merkwaardige verrassingen
voor die niet goed verklaard konden worden. Hierbij moest worden aangenomen dat
retinoiden door plastic werden geabsorbeerd of niet stabiel bleven. In dit hoofdstuk
wordt een studie beschreven naar de stabiliteit en beschikbaarheid tijdens de
experimenten van all-frans-vitamine A-zuur (all-frans-retinoic acid, ATRA) en zijn
isomeren (analoge stoffen) 13-cis-RA en 9-cis-RA. Hierin wordf onder meer
aangetoond hoe belangrijk de keuze van het celkweckmedium is en dat de toevoeging
van eiwit aan het medium essentieel is. Binding aan eiwitten, zoals albumine. zorgt
ervoor dat retinoiden stabiel blijven en er geen verlies optreedt door binding aan
plastic. Uit deze studic werd een aanpak ontwikkeld voor betrouwbare en
reproduceerbare experimenten met retinoiden.

HOOFDSTUK 3

In dit hoofdstuk wordt een studie beschreven waarbij plasma concentraties van
retinoiden werden gemeten bij HHPCC patiénten die in het kader van de EUROSCAN
trial retinylpalmitaat (vitamine A) innamen. De EUROSCAN trial was een grote
gerandomiseerde trial die het effect onderzocht van retinylpalmitaat, N-acetylcysteine
of ecn combinatie van deze beide stoffen op het ontstaan van tweede primaire tumoren
bij patiénten die recent curatief behandeld werden voor HHPCC (of longkanker).
Patignten die in deze trial retinylpalmitzat innamen, toonden na één maand behandeling
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een opmerkelijke stijging in het plasma van de concentratic van 13-cis-4-oxo-retinoic
acid, een product van ATRA. 13-cis-4-oxo-retinoic acid blijkt een marker te zijn die
het mogelijk maakt te volgen of een patiént trouw het geneesmiddel slikt.

HOOFDSTUK 4

Hoofdstuk 4 behandelt een studie waarin een relatie is gevonden tussen het groei-
remmend effect van ATRA en de snelheid van afbraak van ATRA in drie HHPCC
cellijnen. Gedurende de afbraak van ATRA worden producten gevormd die “polaire
metabolicten™ worden genoemd. Aanwijzingen werden gevonden dat de afbraak tot
deze polaire metabolicten niet een oorzaak, maar een gevolg is van de groei-remmende
activiteit van ATRA. Cellen die gevoelig zijn voor ATRA stellen zich - blijkbaar
vergeefs - teweer door het af te breken.

HOOFDSTUK 5

In dit hoofdstuk wordt een onderzoek beschreven betreffende verschillen in
metabolisme van retinoiden tussen normale mondholte-epitheeleellen (keratinocyten)
van patiénten zonder HHPCC en HHPCC-cellen. Kankercellen bleken ATRA wveel
sneller om te zetten (17 keer) dan keratinocyten en tevens bleken keratinocyten geen
polaire metabolieten te vormen. Een verklaring hiervoor kan zijn dat keratinocyten de
polaire metabolieten zo snel omzetten dat ze niet waarneembaar zijn. Aanwijzingen
werden gevonden dat normale keratinocyten een heel andere metabolische route voor
de afbraak van ATRA gebruiken.

Recentelijk is een nieuw enzym ontdekt, CYP26, dat zeer specifiek ATRA
afbreekt tot polaire metabolieten. Ook in de onderzochte cellen bleek dit enzym een
grote rol te spelen. Zo kwam het enzym alleen voor in cellen waarbij polaire
metabolieten detecteerbaar waren, zijnde de tumorcellen, en het meest in de cellijnen
met het hoogste metabolisme.

Net als in het onderzoek met drice HHPCC cellijnen (hoofdstuk 4) werd in het
onderzoek van dit hoofdstuk in elf HHPCC cellijnen een significante correlatie
gevonden tussen de omzettingssnelheid van ATRA en het groeiremmende effect van
ATRA. Introductie van CYP26 DNA in een HHPCC cellijn resulteerde in een sterke
toename van de ATRA omzetting en de vorming van polaire metabolieten. Er trad
echter geen verandering op in het groeiremmend effect van ATRA.

HOOFDSTUK 6

Omdat uit de resultaten van hoofdstuk 5 bleek dat de groeiremming van ATRA
waarschijnlijk niet oorzakelijk gerelateerd is aan zijn metabolisme, werd naar een

160

Nederlandse samenvatting

andere verklaring gezocht voor het gevonden verschil tussen de HHPCC cellijnen. Het
is bekend dat veel cellulaire processen, bijvoorbeeld groei en differentiatie, door
ATRA via retinoid-specificke kernreceptoren gereguleerd worden. Er zijn twee typen
receptoren, RAR en RXR. Van elk type zijn weer 3 subtypen (o, B, ¥). Uit het in dit
hoofdstuk beschreven onderzoek kan geconcludeerd worden dat de mate van
groeiremming door ATRA en de snelheid van afbraak van ATRA gerelateerd zijn aan
de expressie van RAR-y. Dit suggercert dat de aanwezigheid van RAR-y een
belangrijke factor is voor de effectiviteit van de groeiremmende en daardoor
chemopreventieve werking van retinoiden. Het bleek namelijk dat dit receptor-subtype
alleen tot expressie kwam in de cellijnen, die sterk in de groei geremd werden en niet
in de ongevoelige cellijnen. Gebruikmakend van deze kennis zou gentherapic met
RAR-y in tumorcellen kunnen resulteren in een herstelde gevoeligheid voor ATRA en
zouden retinoiden zelfs als chemotherapeutica toegepast kunnen worden.

HOOFDSTUK 7

Om te onderzoeken of ook andere derivaten dan ATRA actief zijn of een andere
omzettingssnelheid vertonen, werden vier aan ATRA gerelateerde retinoiden in vitro
getest op zowel vier HHPCC cellijnen als op normale keratinocyten. Deze retinoiden
binden elk mot ccn verschillende affiniteit aan de retinoid receptoren en zouden
daardoor andere effecten kunnen veroorzaken. Er bleek echter geen verschil in
activiteit of omzettingssnelheid te bestaan tussen de verschillende retinofden. Wel
werden er afbraakproducten gevonden die per retinoide verschilden. Dit wijst erop dat
er retinoide isomeer-specifieke enzymen bestaan. Uit recentelijk onderzoek is gebleken
dat CYP26 alleen ATRA kan afbreken en niet 13-cis-RA of 9-cis-RA; enzymen voor
deze laatste twee zijn nog niet beschreven.

HOOFDSTUK 8

Eén van de hypothesen van dit onderzoeksproject was dat normale plaveiselcellen het
mondslijmvlies van HHPCC-patiénten een andere ATRA gerelateerde groeiremming
hebben dan die van personen zonder kanker en dat dit veroorzaakt wordt door variatie
in retinoid metabolisme. De keratinocyten van HHPCC-patiénten bleken gemiddeld
gen veel hoger metabolisme te hebben dan die van controle personen. Qua
gevoeligheid was er nauwelijks een verschil tussen de twee populaties. Op grond van
literatuur-gegevens mag aangenomen worden dat ATRA de ontaarding van normale
cellen tot kankercellen onderdrukt. Wanneer ATRA sneller dan normaal afgebroken
wordt, zou dit een verhoogd risico op het ontstaan van hoofd-hals kanker kunnen
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verklaren. De basis van dit verschil in afbraak is mogelijk terug te voeren op een
verschil in genetische aanleg en dit zou kunnen verklaren waarom slechts een gedeelte
van de bevolking een HHPCC ontwikkelt.

Het onderzoek in dit proefschrift werd uitgevoerd om verschillen te
identificeren tussen personen, in het bijzonder tussen individuen met en zonder kanker
en tussen kankerpatiénten onderling met als doel betere strategieén te ontwerpen voor
chemopreventie. De uitkomsten van dit onderzoek hebben voornamelijk geleid tot een
beter begrip van de werking van retinoiden in de verschillende stadia in de
ontwikkeling van hoofd-hals kanker. Als effectieve chemopreventieve middelen
blijken retinoiden echter nog niet direct toepasbaar. De gegevens in dit proefschrift
suggereren dat tumorcellen in staat zijn zich teweer te stellen tegen de groeiremmende
effecten van retinoiden middels verschillende tactieken, zoals een verhoogd
metabolisme of inactivering van retinoide receptoren, beide leidend tot resistentie voor
retinofden. Het verhoogde ATRA metabolisme in normale cellen van kankerpatiénten
fen opzichte van controle personen zonder kanker suggereert dat er cen aanleg voor
ATRA-resistentie bestaat. Het is nog te vroeg om over te gaan tot het ontwikkelen van
geindividualiseerde therapieén, gezien de grote complexiteit van het retinoiden
metabolisme en de overlap met andere metabolische routes (bijvoorbeeld die van
vitamine D en stikstofoxide) en zeker nu blijkt dat kankerpatiénten in feite resistenter
tegen retinoiden zijn dan gezonde controles. Het gebruik van gentherapie met RAR-y
zou wel een aantrekkelijke aanpak kunnen zijn wanneer de voordelen ervan boven die
van chirurgie en bestraling gaan uitstijgen. Ook zou het meten van de aanwezigheid
van RAR-y in premaligne weefsels van waarde kunnen zijn om een succesvolle
behandeling met retinoiden te voorspellen. Nieuwe strategieén die gebruik maken van
retinoiden chemopreventie richten zich tegenwoordig voornamelijk op synthetische
varianten van retinoiden en op combinaties met andere steroide hormonen, remmers
van specifieke signaal transductic routes, of cytotoxische chemotherapeutica.

162

Dankwoord

Onderzoek is bijna nooit af, maar dit boekje nu gelukkig wel. Al met al heeft het fets
langer geduurd dan vier jaar. “Better let as net”, zoals de Friezen zeggen. Terugdenkend
aan de afgelopen jaren realiseer ik mij dat dit boekje er nooit was geweest zonder de
steun en inzet van velen. Daarom wil ik iedereen bedanken die heeft meegeholpen aan
de totstandkoming van dit proefschrift. Een aantal mensen wil ik graag in het bijzonder
noemen.

Mijn promotor prof. Snow, bedankt voor het vertrouwen dat u in mij hebt gesteld
en de mogelijkheid die u mij hebt gegeven om binnen de afdeling KNO te mogen
promoveren en voor het altijd zeer nauwkeurige nakijken van mijn manuscripten.

Mijn directe begeleider Boudewijn Braakhuis. Boudewijn, bedankt voor je
jarenlange steun, vertrouwen en kritische blik. Door die combinatie van kritisch
analyseren en je vrolijke gemoed (giegel giegel, wat zat er nou eigenlijk in die koffie?)
heb ik het altijd erg prettig gevonden mel je samen te werken. Ook de contacten die je
door de jaren in het wetenschappelijk gebied had opgebouwd zijn goed van pas
gekomen. Alhoewel het vroegtijdig doen uitlekken van onderzocksresultaten soms niet
zo handig was (OK, het is je vergeven...).

Mijn begeleider op moleculair biologisch gebied Ruud Brakenhoff. Bedankt voor
het altijd kritisch beoordelen van het onderzoek, voor je grote expertise en kennis en het
altijd weer opnieuw aanleveren van nieuwe ideeén. Voor alle geduld en tijd die je hebt
genomen om in urenlange discussies (en monologen) de onderzoeksresultaten te
beoordelen en je enthousiasme (“Dit wordt een Nature-artikel!!!”).

Mijn analist en paranimf Serge Smeets. Serge, aan jou ben ik de meeste dank
verschuldigd. Door jou fantastische inzet en alle overuren die je gemaakt hebt zou het
boekje zeker niet zo dik zijn geworden. Het doorzettingsvermogen dat je hebi getoond
om alle technieken aan de praat te krijgen, de toewijding aan het verzorgen van de
celletjes en het steeds weer opnieuw herhalen van experimenten (want één experiment
is geen experiment, en twee experimenten is cen half experiment), daar heb ik erg veel
respect voor! Aan onze vriendschappelijke samenwerking en je ongelofelijke verhalen
denk ik met veel plezier terug.

Jacqueline Cloos, bedankt voar al je hulp en interesse in mijn onderzoek (Sodeju!
Wat ingewikkeld), voor je pep-talks en je relativeringsvermogen. Met veel ontzag heb
ik kunnen meemaken hoe je altijd voor mij en andere mensen klaar stond, ondanks dat
je vaak ook zelf teleurstellingen moest verwerken.

Binnen de afdeling KNO heb ik veel mensen zien komen en gaan. Het is
onmogelijk om iedercen te noemen. Marijke wil ik bedanken voor de logistick op de
celkweek en de immunohistochemie en ik wens Viola, Iris, Maarten T en Maarten V veel
succes met promoveren. In het algemeen wil ik zeggen: iedereen bedankt voor de leuke
tijd op het lab en tijdens de labuitjes, de etentjes het schaatsen en de zeilweekenden.

163



Natuurlijk wil ik ook mijn studenten Nynke, Jorrit en Geeske bedanken Jullie hebben elk
goed werk verricht en belangrijk bijgedragen aan dit proefschrift. Bedankt voor jullie
inzet.

De resultaten in dit proefschrift zijn in belangrijke mate mede tot stand gekomen
door samenwerking met andere afdelingen binnen de VU en daarbuiten. Tom Teerlink
wil ik bedanken voor het opzetten van een specifiek voor retinoiden bedoelde HPLC-
methode, die voor erg mooie plaatjes heeft gezorgd; Bas-Jan van der Leede en Edwin
Sonneveld, van het Hubrecht Lab, voor de radioactieve HPLC-analyse van retinoide
metabolieten. Henk Dekker en Paul Noordhuis voor het delen van de Radiomatic. Kim
Creck (University of South Carolina School of Medicine, Columbia), Rueben Lotan (MD
Anderson Cancer Center, Houston), Luigi DeLuca ( NIH, Bethesda): thanks for your
visits, invitations, revision of manuscripts and interest in our projects. [t was very nice
to discuss retinoid research with experts.

Ik ben prof.dr. G. Giaccone, prof.dr. R. J. Scheper, prof.dr. P. E. Postmus, dr. G.I.
Peters, dr. T. Teerlink en dr. P. J. F. Snijders en zeer erkentelijk voor hun bereidheid
zitting te nemen in mijn promotiecommissie en voor hun interesse in mijn proefschrift.

Special thanks to the “crazy german™ Ralphiii for the opportunity to work as a
post-doc in Potsdam and for his hospitality. Great retinoid research and friendship (“I
hate you!” ;-)). Greetings to all the people of the lab (I’1 be back).

Naast mijn werk heb ik ook een hele goede tijd gehad in Amsterdam, dankzij vele
vrienden, vriendinnen, kennissen en vage bekenden. Mijn paranimfe Suzan (zal zij de
commissie weten af te leiden?), Annelies (lekker belangrijk), Marcel, Ieke-Wally
(biertje?), Mariétte, Hadewey, Nynke (butter, brea en griene tsiis?) Ilonka en Dennis
(bedankt voor het maken van de mooie foto’s voor de omslag!) en anderen die dit boekje
van mij hebben entvangen: bedankt voor de gezelligheid en de interesse die jullie af en
toe hadden voor mijn onderzoek, ook al begrepen jullie er geen hout van...

De belangrijkste mensen heb ik bewaard voor het laatst; Alie, Ben, Friso en
Anton. Jullie belangstelling en hulp waardeer ik zeer. Papa en Mama, bedankt voor jullie
steun en dat jullie altijd achter mij hebben gestaan.

Lieve Anton, bedankt voor alle interesse en geduld die je hebt gehad en voor het
koken en afwassen de laatste tijd. We hebben een mooi huisje en het samenwonen bevalt
prima, and you know what: I'm happy!!!

164



Curiculum vitae

Ingeborg Klaassen werd geboren op 13 juni 1970 te Rotterdam. In 1988 behaalde zij haar VWO
diploma aan het Nassau College te Heerenveen, waarna zij begon aan haar studie Biologie aan
de Rijksuniversiteit Groningen.

Tijdens haar studie voltooide zij drie stages. Als eerste stage deed ze onderzoek naar de
opsporing van Small Cell Lung Cancer (SCLC) bij de afdeling Immunologie aan het Academisch
Ziekenhuis Groningen (prof.dr. L. de Leij). In haar tweede stage bij de afdeling Biochemie aan
de Rijksuniversiteit Groningen bestudeerde ze signaaltransductie in Dictyastelium discoideum
(prof.dr. P.J. Van Haastert). Haar derde stage werd uitgevoerd bij TRANSGENE Biotechnology
in Straatsburg (Frankrijk) waar ze onderzoek verrichtte aan de ontwikkeling van
melkzuurbacterién als “live vaccine vehicle’ voor immunisatie tegen het FIV virus (dr, A.
Mercenier),

Na haar afstuderen heeft ze eerst een half jaar bij de afdeling Moleculaire Genetica aan
de Rijksuniversileit Groningen gewerkt om de signaaltransductie in Bacillus swbtilis te
bestuderen (prof.dr. G, Venema).

In juni 1995 is ze begonnen bij de sectie Tumorbiologie van de afdeling Keel- Neus- en
Oorheelkunde van het Frije Universiteii Medisch Centrum te Amsterdam met haar
promoticonderzoek beschreven in dit proefschrift, Het onderzoek werd uitgevoerd in het kader
van het KWF-project “Determinants of retinoid sensitivity in the prevention and treatment of
head and neck squamous cell carcinoma” (V1J 95-926),

Gedurende de cerste helft van 2001 heeft ze een half jaar als (pre)post-doc in Potsdam
(Duitsland) gewerkt bij het Institut fiir Ernéhrungswissenschaft aan de Universiteit van Potsdam,
waar ze onderzoek verrichtte aan de effecten van retinoiden op embryonale ontwikkeling en
reproductieve organen.

166

Publications

Braakhuis BI, Klaassen 1. van der Leede BM, Cloos J, Brakenhoff RH, Copper MP, Teerlink
T, Hendriks HF, van der Saag PT, Snow GB (1997) Retinoid metabolism and all-trans
retinoic acid-induced growth inhibition in head and neck squamous cell carcinoma cell
lines. BrJ Cancer 76: 189-97

Cooper MP, Klaassen 1, Brakenhoff RH, Cloos I, Snow GB, Braakhuis BJ (1997) All-trans
retinoic acid induced gene expression and growth inhibition in head and neck cancer cell
lines. Oral Oncol 33: 270-4

Teerlink T, Copper MP, Klaassen I, Braakhuis BJ (1997) Simultaneous analysis of retinol, all-
trans- and [3-cis-retinoic acid and 13-cis-4-oxoretinoic acid in plasma by liquid
chromatography using on-column concentration after single-phase fluid extraction. J
Chromatogr B Biomed Sci Appl 694: 83-92

Klaassen I, Copper MP, Brakenhoff RH, Smeets SJ, Snow GB, Braakhuis BI (1998) Exfoliated
oral cell messenger RNA: suitability for biomarker studies. Cancer Epidemiol
Biomarkers Prev 7: 469-72

Copper MP, Klaassen L, Teerlink T, Snow GB, Braakhuis BJ (1999) Plasma retinoid levels in
head and neck cancer patients: a comparison with healthy controls and the effect of
retinyl palmitate treatment. Oral Oncol 35: 40-4

Klaassen [, Brakenhoff RH, Smeets SJ, Snow GB, Braakhuis BJ (1999) Considerations for in
vitro retinoid experiments: importance of protein interaction. Biochim Biophys Acta

1427: 265-75
Klaassen I, Brakenhoff RTI, Smeets ST, Snow GB, Braakhuis BJ (2001) Enhanced turnover of
all-trans-retinoic acid and increased formation of polar metabolites in head and neck
squamous cell carcinoma lines compared with normal oral keratinocytes. Clin Cancer
Res 7: 1017-25
Klaassen I, Brakenhoff RH, Smeets SJ, Snow GB, Braakhuis BJ (2001) Expression of retinoic
acid receptor gamma correlates with retinoic acid sensitivity and metabolism in head and
neck squamous cell carcinoma cell lines. finr J Cancer 92: 661-5
Klaassen I, Brakenhoff RH, Smeets ST, Snow GB, Braakhuis BJ (2001) Metabolism and growth
inhibition of four retinoids in head and neck squamous normal and malignant cells. Br
J Cancer 85: 630-5

Klaassen I, Cloos J, Smeets SI, Brakenhoff RH, Tabor MP, Snow GB, Braakhuis BJM.
Non-malignant oral keratinocytes of head and neck squamous cell carcinoma patients
show enhanced metabolism of retinoic acid. Submitted

Klaassen I, Brakenhoff RH, Braakhuis BJM. Determinants of Retinoid Sensitivity in Head and
Neck Squamous Cell Carcinoma. [n preparation

167



