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Chapter 3

Oral Carcinoma and Smokeless Tobacco
Use: A Clinical Profile

W. Frederick McGuirt and Anna Wray

ABSTRACT The clinical profile of 116 patients with oral cavity cancer who used smokeless tobacco
exclusive of other known carcinogens, such as smoking tobacco and alcohol, is discussed. The
patients, whose average age was 78.4 yr and average use 55.5 yr, had a 1:23 male-to-female ratio
and a 14.5:1 white-to-black ratio, both different from national rates for patients with oral cavity
cancers. The 116 patients’ course illustrates the field cancerization concept: In addition to the
referral lesion, 55 percent (64/116) had leukoplakia, erythroplasia, dysplasia, or carcinoma in
situ previously, at the time of presentation, or after initial therapy. A second malignant oral
lesion developed in 18 percent (21/116); 35 percent (41/116) had local recurrence despite
predominantly clear margins earlier. Of the 91 patients with documented followup, 45 died of
or with cancer. These distressing figures may, unfortunately, be duplicated in another 20 to 40
years in a different population group—current young male smokeless tobacco users.

INTRODUCTION Not only is tobacco an integral part of the local economy in North
Carolina, but also its use in all forms is pervasive in the population served
by the Wake Forest University Medical Center. Smokeless tobacco use,
especially, is endemic to the three or four generations living in our geo-
graphic region. Review of our tumor registry files yielded 150 cases of oral
cavity cancer in smokeless tobacco users—4.9 percent of our total head and
neck cancer caseload. Smokeless tobacco was used exclusive of other known
oral carcinogens, such as smoking tobacco and alcohol, by 116 of the 150
patients. These 116 cases form the basis of this report, in which we profile
the patients, the nature of the disease process, its treatment, and outcome.

PATIENTS The patient population reported here differed in several ways from the

national profile of oral cancer patients. Oral cavity carcinoma in the United
States has a 2:1 male-to-female ratio (Boring et al., 1991). This ratio is consis-
tent with our new head and neck cancer patient population (1,393/699) but
higher than our oral cancer male-to-female ratio of 483/361 (1.3:1). This oral
cavity cancer ratio was strongly influenced (that is, reduced) by our patients
who used smokeless tobacco only. This group of patients had a 1:23 male-to-
female ratio, representing disease occurrence almost exclusively in females.

A second epidemiological aberration seen in the pool of smokeless
tobacco-associated oral cancers relates to the most common tumor sites.
The mobile tongue and floor of the mouth are the most common sites of
oral cavity carcinoma. In our series of smokeless-tobacco-only users, the
cancers occurred most frequently in the buccal and gingival areas, the
regions where the quid was held. Ninety-four percent of patients (109/116)
had their cancers at these sites.

The average age of these patients was 78.4 yr, with 83 percent (96/116)
older than 65 yr and 27 percent (31/116) older than 80 yr. These patients
were older than the overall head and neck cancer patients seen in our
institution, who averaged 63 yr during the same study period.
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The duration of smokeless tobacco use before presentation for treat-
ment averaged 55.5 yr, with 81 percent of patients (86/106) having a history
of use > 40 yr.

A further epidemiological aberration occurred in the racial distribution
of patients. A 14.5:1 (116:8) ratio of white to black was seen, compared with
a 7.5:1 (1,845:247) ratio of all head and neck cancer cases and a population
distribution frequency of 3.5:1 in the geographic region served (U.S. Census
figures, 1990 to 1991). These figures support the epidemiological study of
Winn et al. (1981) from the same geographic region but a different referral
base. The use of snuff—and cancer cases attributed to it—was reported by
Winn and coworkers to be a phenomenon of white women.

These factors of sex, race, and age are results of sociological trends well
recognized and reported previously. Snuff use in the region until the mid-
1970's was predominantly a practice of white females, who began to use
snuff at an early age in the 1930’s and 1940’s. This was a period of declin-
ing smokeless tobacco use and increased smoking. The social attitudes of
that time discouraged women'’s smoking, but in the rural South, women
continued privately to use smokeless tobacco. Dry, powdered snuff (i.e.,
Scotch snuff) has been the predominant form used by these women, in
contrast to the flavored moist strips of tobacco preferred by today’s young
male users.

Whereas the now elderly women with long-term smokeless tobacco use
form the patient population reported here, the obvious concern is that the
young males currently using smokeless tobacco may well be the future
patients who will be profiled if they continue their chronic use. The addic-
tive qualities of the product would imply this to be the expected outcome.

Oral carcinoma in a high school athlete from Oklahoma who was a
regular user of smokeless tobacco has become the focal point for an educa-
tional effort spearheaded by the American Academy of Otolaryngology-Head
and Neck Surgery (AAO-HNS). Oral carcinoma in the male population
under age 30 has not yet been seen by personal experience or become a
national problem, according to a questionnaire mailed to members of the
American Society of Head and Neck Surgery and selected AAO-HNS mem-
bers, who are the physicians most likely to be treating such patients. The
youngest patient to date in our experience was aged 40; the next youngest,
aged 43.

FIELD CAN- Patients with cancers attributed to smokeless tobacco illustrate the
CERIZATION field cancerization concept. In addition to the referral lesion,
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adjacent and distant mucosal lesions exist synchronously or develop
metachronously. In the field cancerization model, a diffuse surface area of
mucous membrane is bathed by the carcinogens and placed at risk. Logi-
cally, the highest risk area for smokeless tobacco use is where the quid is
held, but adjacent areas and distal sites are continuously bathed by saliva
containing the carcinogenic agents that leach from the quid. Our patients
with smokeless tobacco-related oral cancers often exhibited adjacent and
distant mucous membrane changes. Varying degrees of abnormality,
compatible with the evolutionary transformation to malignancy, were seen.
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These abnormal changes included clinical leukoplakia and erythroplasia as
well as histologically varying degrees of dysplasia and carcinoma in situ.
Fifty-five percent of patients in our series (64/116) had had these types of
lesions excised previously, had them at the time of their presentation, or
developed them subsequent to therapy. Further evidence for an evolution-
ary transformation of a condemned mucosa was the high incidence (18
percent) of second or metachronous malignant oral lesions that developed
in these patients. A third indicator of this evolutionary transformation was
the 35 percent incidence (41/116) of local cancer recurrence, despite pre-
dominantly clear margins on histological examination (28 of 33 surgical
specimens, 85 percent). These lesions were most likely not recurrences of
the original cancer but, rather, malignant transformations of previously
exposed mucous membranes at risk for new cancers in the same region.

DISCUSSION The disease course is most often silently and indolently progressive.
Patients may note a change or abnormality within the mouth, but the symp-
toms are usually minimal and a delay in seeking evaluation occurs. Forty-
three percent of patients (48/111) had symptoms for 3 mo or longer before
presentation. The silent but progressive nature of the disease is further
illustrated by the 53 percent (62/116) incidence of advanced stage III and
stage IV lesions at the time of diagnosis, of which one-third (34 percent,
21/62) had been symptomatic for less than 2 mo.

Although the premalignant changes of leukoplakia and erythroplasia
have a slow transformation and progression, with only minimal symptoms,
once the smokeless tobacco-related cancers are established, they act in aggres-
sive fashion, similar to other oral cavity cancers. This is confirmed by the
high incidence of stage III and stage IV disease. The advanced stages were
attributable to regional metastases in 27 percent of the cases, to locally
advanced disease (T3-T4) in 43 percent of the cases, and in many cases to
both characteristics.

Although many of these smokeless tobacco-related tumors have a
verruciform appearance, they should never be considered, on clinical
grounds alone, to be the less aggressive verrucous carcinoma described
histologically by Ackerman (1948). Although 24 percent (28/116) of our
patients had verruciform lesions, less than one-fifth of those, or 4.3 percent
overall (5/116), had verrucous carcinomas by the histological criteria of
Ackerman.

Localized stage I and stage II carcinomas may be treated equally well
with either surgery or irradiation. Therapy of advanced stage III and stage IV
cases usually required both surgery and irradiation. The surgical therapy in
advanced stage lesions may result in a significant alteration in form and
function of the oral cavity. The major problems of postsurgical resection
relate to the loss of the mandibular-dental function of mastication and the
oral-buccal-lingual function of deglutition. The addition of irradiation to
surgery in these advanced cases or as the primary modality of therapy for
early lesions causes morbidity related to the resulting xerostomia and the
lifelong need for frequent dental care and rehabilitation. The use of irradia-
tion and the advanced age of the patients reduce the success rate of man-
dibular reconstruction.
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Mandibular resection results in cosmetic disfigurement, the degree
usually being directly proportional to the amount of bone resected and how
far anteriorly the resection proceeds. In general, lateral mandibular defects
are usually left unreconstructed. Anterior defects, though, require recon-
struction, not only to correct severe cosmetic problems, but also to correct
basic functional problems. Various reconstructive methods and synthetic
replacement prostheses have been used. Our current preference is to use
microvascular anastomotic techniques for restoration by a composite free
flap. This provides soft-tissue support and bone with its own direct blood

supply.

There is a general lack of success in fitting dentures that allow adequate
mastication for solid food, even when the mandibular defect is restored by
bone grafting or a metal bar. The future use of implanted prosthetic devices
holds promise for nonirradiated cases, but such devices are still contra-
indicated in irradiated bone.

Intraoral soft tissue loss has been handled in various ways. In the
majority of our cases, primary closure of the defect is performed, because
patients have better function if sensate, normally lubricated, moist mem-
branes are present. Tethering of the tongue is to be avoided if possible. The
tongue dysfunction is more often seen secondary to reconstruction of the
floor of the mouth. Lateral tongue flaps and skin grafts used to close the
anterior and lateral floor-of-mouth defects frequently contract and form scar
tissue that restricts movement of the oral structures. When oral tissue must
be replaced, use of the platysma myocutaneous flap is our most effective
method because of the pliability and thinness of the flap tissue. Unless the
resection has been quite extensive, other myocutaneous flaps often result in
an adynamic and obstructive tissue mass in the oral cavity.

Long-term followup was available for 91 patients; 49.5 percent of these
(45/91) have died of or with cancer. There was a linear survival rate corre-
lating to the stage of lesion, and survival was better for patients with buccal
lesions than for those with alveolar lesions.

In summary, oral cavity carcinoma associated with smokeless tobacco
use has been a disease of elderly, white women with histories of long-term
(> 40 yr) snuff use. The disease is indolent and progressive, and it manifests
a high rate of associated leukoplakia, metachronous second primary cancers
of the oral cavity, and a high local recurrence rate, all manifestations of the
field cancerization phenomenon. The tumor is aggressive, with a high
incidence of advanced local disease, bony mandibular involvement, and
regional metastases. A midrange (43 percent) 3-yr cure rate results. Therapy
should be aggressive, but it is associated with significant morbidity related
to cosmetic effects, mastication, deglutition, xerostomia, and dental compli-
cations. Prevention through education of young potential users of smoke-
less tobacco promises to be the most effective therapeutic measure.
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Chemical Composition of
Smokeless Tobacco Products!

Klaus D. Brunnemann and Dietrich Hoffmann

ABSTRACT To date, 28 carcinogens have been identified in smokeless tobacco. In addition to certain

volatile aldehydes, traces of benzo[a]pyrene, certain lactones, urethan, hydrazine, metals,
polonium-210, and uranium-235 and -238 can be found in ST. However, the major contribu-
tors to the carcinogenicity of chewing tobacco and of snuff are the N-nitrosamines, especially
the tobacco-specific N-nitrosamines. The latter are formed from the Nicotiana alkaloids during
tobacco processing. In the United States, daily exposure to carcinogenic nitrosamines for snuff
users is at least 250 times higher than for those who do not use tobacco. Although there has
been a decline in the concentrations of nitrosamines in U.S. and Swedish ST products during
the past decade, this trend is not evident for all snuff brands. One new snuff brand contains
extremely high concentrations of carcinogenic nitrosamines. This observation adds to the
urgency of the recommendation of the World Health Organization to regulate harmful
substances in chewing tobacco and snuff. Similarly, flavorants and additives to tobacco should
be controlled.

INTRODUCTION In the United States, we differentiate between four primary types
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of smokeless tobacco: Three are chewing tobaccos, namely loose leaf (scrap
leaf), plug, and twist or roll; the fourth is oral snuff. Loose leaf chewing
tobacco accounted for 52.7 percent of the U.S. output of total ST products in
1988 (124.5 million 1b) (USDA, 1990). Loose leaf chewing tobacco consists
primarily of air-cured tobacco and, in most cases, is heavily treated with
licorice and sugars. Plug tobacco (7.2 percent of 1988 ST production) is the
oldest form of chewing tobacco. Plug tobacco is produced from the heavier
grades of leaves harvested from the top of the plant, freed from stems,
immersed in a mixture of licorice and sugar, pressed into a plug, covered by
a wrapper leaf, and reshaped. Plug tobacco is kept between cheek and gum
and is chewed in bites. Twist or roll tobacco is less important (1.1 percent of
1988 U.S. production). Twist tobacco is made from cured burley, and air-
and fire-cured leaves, which are flavored and twisted to resemble a decora-
tive rope or pigtail.

The only U.S. tobacco product with increasing consumption is oral
snuff (39.0 percent of the U.S. smokeless tobacco production in 1988). Dry
snuff is made primarily from Kentucky and Tennessee fire-cured tobaccos.
The initial curing requires several weeks and goes through multiple phases.
In contrast to most other tobacco products, snuff undergoes an additional
fermentation process. Dry snuff is processed into a powdered substance that
may contain flavor and aroma additives, including spices. U.S. dry snuff,
which is taken orally, is similar to European nasal snuff.

Moist snuff consists primarily of air- and fire-cured tobaccos and con-
tains tobacco stems as well as leaves that are powdered into fine particles
(containing between 20 and 55 percent moisture). Many brands of moist

! Supported by National Cancer Institute grant no. CA-29580.
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snuff are flavored with wintergreen, but mint and raspberry also are popular.
Since about 1975, the consumption of moist snuff has been steadily growing
in all parts of the United States, except for a temporary decline immediately
after the Surgeon General’s report on smokeless tobacco in 1986 (US DHHS,
1986). During the past 3 yr, the manufacture of moist snuff has again
steadily risen by more than 13 percent (Smyth, 1989; USDA, 1990). Oral use
of snuff, also termed “snuff dipping,” means placing a pinch of the tobacco
between the cheek or lip and the gums or beneath the tongue.

CHEMICAL Extensive literature on the chemistry of tobacco, beginning with

COMPOSITION Briickner (1936), has led to our current knowledge that natural
tobacco contains at least 3,050 different components (Robert, 1988). The
quantitative composition of tobacco undergoes substantial changes during
processing for smokeless tobaccos. In curing, the starch content of the
leaves declines drastically, and the reducing sugars increase by 100 percent.
Protein and nicotine decrease slightly. Fermentation of cured tobacco
causes the contents of carbohydrates and polyphenols in the leaves to
diminish. The bulk of the processed tobacco leaf before fermentation
consists of carbohydrates (about 50 percent) and proteins. Other major
components are alkaloids (0.5 to 5.0 percent) with nicotine as the predomi-
nant compound (85 to 95 percent of total alkaloids), terpenes (0.1 to 3.0
percent), polyphenols (0.5 to 4.5 percent), phytosterols (0.1 to 2.5 percent),
carboxylic acids (0.1 to 0.7 percent), alkanes (0.1 to 0.4 percent), aromatic
hydrocarbons, aldehydes, ketones, amines, nitriles, N- and O-heterocyclic
hydrocarbons, pesticides, alkali nitrates (0.01 to 5.00 percent), and at least
30 metallic compounds (International Agency for Research on Cancer, 1985;
Wynder and Hoffman, 1967). The given percentages apply to the Nicotiana
tabacum species, which is grown in North America and throughout the
world, but not to N. rustica, which is cultivated in parts of Eastern Europe
and Asia Minor. The leaves of N. rustica may contain up to 12 percent
nicotine (McMurtrey et al., 1942). Many ST formulations use plant extracts
or chemicals as flavoring agents (LaVoie et al., 1989; Mookherjee, 1988;
Robert, 1988; Sharma et al., 1991). Such additives may include methyl or
ethyl salicylate, B-citronellol, 1,8-cineole, menthol, benzyl benzoate, and
possibly coumarin (Figure 1) (LaVoie et al., 1989; Sharma et al., 1991).
However, most of the flavor additives are present in only small amounts;
their formulations remain trade secrets.

CARCINOGENIC Until now, 28 tumorigenic agents have been isolated and identi-

AGENTS IN ST fied in smokeless tobacco products (Table 1). These include some
carcinogenic polynuclear aromatic hydrocarbons (PAH), especially
benzo[a]pyrene (B[a]P). PAH originate primarily from polluted air
(Campbell and Lindsay, 1956 and 1957; Wynder and Hoffmann, 1967) and,
in the case of plug tobacco and snuff, probably also from fire-curing. In
fact, the highest reported values for B[a]P were found in snuff at levels of
up to 90 ppb (Ough, 1976).

The a- and -angelica lactones have been reported in natural tobacco
(Robert, 1988). These tumorigenic agents may also be added to ST as part of
the flavoring mixtures made from plant extracts. A minor group of poly-
phenols in tobacco are the coumarins, of which scopoletin is the major
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Figure 1
Flavor compounds identified in snuff tobacco
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representative (Figure 2) (Wynder and Hoffmann, 1967). Thus, it is not
surprising that tobacco also contains the parent compound, coumarin

(£ 600 ppm). It is known that the fermentation of food and beverages leads
to the formation of urethan (Ough, 1976). Therefore, it is not unexpected
that burley tobacco, which is fermented, contains up to 400 ppm of urethan
(Schmoltz et al., 1978).

The most abundant carcinogens in smokeless tobacco are some volatile
aldehydes (Table 1). Although formaldehyde, acetaldehyde, and croton
aldehyde are weakly carcinogenic, they contribute most likely to the carci-
nogenic potential of smokeless tobacco (Weybrew and Stephens, 1962). It is
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Table 1
Carcinogenic agents in tobacco

Type of Tobacco? Concentration® (ng/g)

Benzo[a]pyrene NT, S >0.1-90.0
a-Angelica Lactone NT present
B-Angelica Lactone NT present
Coumarin NT 600
Ethylcarbamate CT 310-375
Volatile Aldehydes
Formaldehyde NT, S 1,600 - 7,400
Acetaldehyde NT, S 1,400 - 27,400
Croton aldehyde S 200 - 2,400
Nitrosamines
Nitrosodimethylamine CT,S ND - 270
Nitrosopyrrolidine CT,S ND - 760
Nitrosopiperidine CT,S ND - 110
Nitrosomorpholine CT,S ND - 690
Nitrosodiethanolamine CT,S 40 - 6,800
Nitrosamino Acids
Nitrososarcosine S ND - 2,500
3-(Methylnitrosamino)- CT,S 200 - 65,700
propionic acid
4-(Methylnitrosamino)- CT,S ND - 9,100
butyric acid
Nitrosoazetadine-2- CT 4 - 140
carboxylic acid
Tobacco-Specific Nitrosamines
N*-Nitrosonornicotine CT,S 400 - 147,000
4-(Methylnitrosamino)-1- CT,S ND - 18,000
(3-pyridyl)-1-butanone
4-(Methylnitrosamino)-1- S present
(3-pyridyl)-1-butanol
N*-Nitrosoanabasine SM, S present - 560
Inorganic Compounds
Hydrazine SM 14 -51
Arsenic NT 500 - 900
Nickel SM, S 180 - 2,700
Cadmium SM 700 - 790
(pCifg)
Polonium-210 NT, S 0.16 - 1.22
Uranium-235 S 2.4
Uranium-238 S 1.91

a NT, natural tobacco; SM, smoking tobacco; S, snuff; CT, chewing tobacco.
5 ND, not detected.
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Figure 2
Coumarins in tobacco

Soapalatin A'=H R*=CH,
Scopolin R' = g-Glucosyl A= CH,
Fabiatin R' = Primvarosyl (ovlosido-diglucosyl)  R® = CH,
Scopoletin-f-gentiobloside R’ = B-Glucesido-dqlucosyl R*=0CH.
Esculatin R'=H R'=H
Cichoriin A= a-Glucasyl R*=H

known that tobacco contains a sizeable spectrum of alkyl aldehydes, which
contribute to its scent. In commercial U.S. snuff brands, formaldehyde and
acetaldehyde were each found up to 7,400 ppb, and croton aldehyde up to

2,400 ppb (Sharma et al., 1991).

Both air- and fire-cured tobaccos contain hydrazine. In burley leaves
treated with the sucker growth inhibitor maleic hydrazide, the hydrazine
content was significantly higher (Liu et al., 1974). Like other plant prod-
ucts, tobacco contains trace amounts of nickel, cadmium, and arsenic.

These animal carcinogens were found in concentrations up to 2,700 ppb.
Uranium-235 and -238 were reported only in Indian snuff, each at about

2 pCi/g tobacco (Sharma et al., 1985). The radioactive polonium-210, which
decays to yield the human carcinogen radon, originates in U.S. tobacco
from soil that is fertilized with phosphates rich in radium-226 (Tso et al.,
1986), or from airborne particles that were taken up by the glandular hair
(trichomes) of the tobacco leaf (Martell, 1974). In U.S. commercial snuff, we
found between 0.16 and 1.22 pCi/g of polonium-210 (Hoffmann et al.,
1987).

CARCINOGENIC The most detailed studies on carcinogens in smokeless tobacco
N-NITROSAMINES have been reported for N-nitrosamines. These agents are present
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in fresh green leaf in only minute amounts and are primarily formed during
curing, fermentation, and aging from secondary or tertiary amines and
nitrite or nitrogen oxides. Basically, in smokeless tobacco there are three
types of nitroso compounds: volatile nitrosamines, nitrosamino acids, and
tobacco-specific N-nitrosamines (TSNA). In addition, smokeless tobacco
contains N-nitrosodiethanolamine (NDELA), which is formed from
diethanolamine, a contamination product in tobacco. Table 2 presents data
on carcinogenic volatile N-nitrosamines (VINA) in various smokeless tobacco
types from the United States, Sweden, and other European countries
(Andersen et al., 1989; Brunnemann et al., 1985; Chamberlain et al., 1988;
Hoffman et al., 1987; International Agency for Research on Cancer, 1985;
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TSNA

Table 2

Major volatile N-nitrosamines in smokeless tobacco, 1981 to 1990

Country Tobacco Samples NDMA? NPYR2 NMOR?
Type (n) (Hg/kg) (Hg/kg) (Hg/kg)
United Moist snuff 32 3.8-215.0 7.4 - 360.0 ND - 690.0
States Dry snuff 3 ND - 19.0 72.0 - 148.0 ND - 39.0
Chewing tobacco 6 64.0 0.8 0.6
Sweden Moist snuff 98 0.1-50.0 ND - 95.0 ND - 44.0
Chewing tobacco 4 0.2 0.8 0.4
Norway Moist snuff 2 130.0 8.9 32.0
Denmark Chewing tobacco 8 5.5 16.0 ND
United Nasal snuff 5 45-82.0 1.5-130.0 ND
Kingdom Moist snuff 7 6.0 - 82.0 64.0 - 860.0 ND - 1.5
Germany Nasal snuff 7 2.0-42.0 5.0-75.0 ND

2 NDMA, nitrosodimethylamine; NPYR, nitrosopyrrolidine; NMOR, nitrosomorpholine;
ND, not detected. Single numbers represent mean of all samples.

Tricker and Preussmann, 1989). In general, the highest amounts of VNA are
found in moist and dry snuff, N-nitrosodimethylamine up to 265 ppb and
N-nitrosopyrrolidine up to 760 ppb. N-Nitrosomorpholine (NMOR), a
strong animal carcinogen, has been detected only in those U.S. snuff brands
that were packed in containers lined with a morpholine-containing wax
coating (Brunnemann et al., 1982).

Like volatile amines, the amino acids in tobacco, and probably also the
proteins with secondary amino groups, are amenable to N-nitrosation.
Since 1983, numerous studies have reported the presence of nitrosamino
acids in smokeless tobacco (Brunnemann et al., 1983; Djordjevic, 1989;
Ohshima, 1985; Tricker and Preussmann, 1989 and 1990). Until now, 10
nitrosamino acids have been identified in smokeless tobacco. Of these,
nitrosoproline, nitrosothioproline, and iso-NNAC are not carcinogenic;
nitrososarcosine, 3-(methylnitrosamino)propionic acid, 4-(methylnitrosa-
mino)butyric acid, and N-nitrosoazetadine-2-carboxylic acid are known
carcinogens; and the remainder of the identified nitrosamino acids have so
far not been bioassayed. (See Table 3.) The concentration of the
nitrosamino acids depends on the nitrate or nitrite content of the tobacco as
well as on the processing and aging of the tobacco.

The most powerful carcinogens in smokeless tobacco derive from the
N-nitrosation of the Nicotiana alkaloids, especially from nicotine and
nornico-tine. They are formed during the curing, fermentation, and aging
of tobacco. These carcinogens are present in tobacco, tobacco smoke, and
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Table 3

Major N-nitrosamino acids in smokeless tobacco, 1989 to 19912

Country and Samples NSAR® MNPAP MNBA® NPROP iso-NNACP
Tobacco Type (n) (Hg/g) (Ho/g) (Hg/g) (ng/g) (Hg/g)
United States

Moist snuff 10 ND - 2.5 2.2-66.0 0.09-9.10 1.3-60.0 0.05-21.00

Chewing tobacco 1 nd 0.6 0.03 0.2 0.01

Dry snuff 3 nd 1.2-45 0.14-0.46 3.0-8.1 0.05-0.21
Sweden

Moist snuff 8 0.01-0.68 1.0-3.3 0.05-0.23 0.63-8.30 0.04-0.11
United Kingdom

Moist snuff 7 0.03-1.10 1.4-19.0 0.06 - 8.00 0.33-5.00 nd

Nasal snuff 5 ND - 0.04 1.0-28 0.10-0.28 2.7-8.7 nd
Germany

Nasal snuff 7 ND - 0.09 0.49 - 4.30 0.08-0.41 0.77 - 7.50 nd

2 Adapted from Djordjevic et al., 1989, Hoffmann et al., 1991, Tricker and Preussmann, 1989.

b NSAR, N-nitrososarcosine; MNPA, 3-(methylnitrosamino)propionic acid;, MNBA, 4-(methyinitrosa-
mino)butyric acid; NPRO, N-nitrosoproline; iso-NNAC, 4-(methylnitrosamino)-4-(3-pyridyl)butyric acid;
ND, not detected; nd, not determined.
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in environmental tobacco smoke. Of the seven TSNA identified in ST
(Figure 3), N'-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK) are the only known carcinogens in tobacco
that induce oral tumors in laboratory animals. N'-nitrosoanabasine,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol, and 4-(methylnitrosamino)-
4-(3-pyridyl)butanol are carcinogenic in mice or rats (Hoffmann et al., this
volume). The high carcinogenic potency and high levels of TSNA have
prompted in-depth investigations on the formation and concentration of
the alkaloid-derived nitrosamines in the various tobacco products

(Table 4). As for the other nitrosamines, the nitrate or nitrite content and
the various steps of processing are the determining factors for the yields of
carcinogenic TSNA in ST products. According to analytical studies, NNN,
nitrosoanabasine, and nitrosoanatabine are formed primarily from the
corresponding secondary amines at the early stages of the tobacco process-
ing, whereas TSNA such as NNK are formed from the tertiary amine nicotine
(Figure 3) and occur at the later stage of tobacco curing and fermentation
(Spiegelhalder and Fisher, 1991). This observation provides a partial expla-
nation of the abundance of TSNA in snuff.

The carcinogenic risk associated with oral ST use and the major contri-
butions of TSNA to this risk are underscored by a number of analytical data.
In 1981, the National Research Council estimated the daily exposure of U.S.
residents to carcinogenic nitrosamines and found the average nonsmoker is
exposed to about 1 ug and the smoker of 20 cigarettes per day to about 11 to
12 pg of carcinogenic nitrosamines (U.S. National Research Council, 1981).
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Table 4
TSNA in smokeless tobacco, 1981 to 1989
Country and Samples NNN? NAT® NAB? NNK?
Tobacco Type (n) (no/g) (no/g) (no/g) (no/g)
United States
Moist snuff 16 0.83 - 64.00 0.24-215.00 0.01-6.70 0.08 - 8.30
Chewing tobacco 2 0.67 - 1.50 0.7-2.4° 0.11-0.38
Dry snuff 6 9.4-55.0 11-40 05-1.2 0.88 - 14.00
Sweden
Moist snuff 8 2.0-6.1 09-24 0.04-0.14 0.61-1.70
Canada
Moist snuff 2 50-79 152 - 170 40-4.38 3.2-58
Plug 1 2.1 1.7° 0.24
Germany
Plug 2 14-21 0.36 - 0.55° 0.03-0.04
Nasal snuff 7 2.8-19 1.0-5.82 0.58 - 6.40
India
Chewing tobacco 4 0.47 -0.85 0.40 - 0.50° 0.13-0.23
Zarda 11 0.40 - 79.00 0.78 - 99° 0.22 - 24.00
USSR
Nass 4 0.12-0.52 0.04-0.33° 0.02-0.11

United Kingdom
Moist snuff 7 1.1-52.0 2.0-65.0° 0.4-13.0
Nasal snuff 5 3.0-16.0 1.8-2.5° 0.97 - 4.30

a2 NNN, N-nitrosonornicotine; NAT, N-nitrosoanatabine; NAB, N-nitrosoanabasine; NNK,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.
b Contains NAB.

On the basis of 1986 data for the two leading U.S. snuff brands, which had
about 90 percent of the market share, the average snuff dipper, who con-
sumes snuff at 10 g/d, is exposed to an additional 270 to 280 pg of carcino-
genic nitrosamines (Hoffmann et al., 1987). Most of the nitrosamines are
extracted from the tobacco during snuff dipping, as is reflected in data from
saliva analysis (Hoffmann and Adams, 1981; Nair et al., 1985; Oesterdahl
and Slorach, 1988; Paladino et al., 1986; Sipahimalani et al., 1984). In
addition, it is strongly indicated that additional amounts of TSNA are
endogenously formed during chewing (Nair et al., 1985). Recently we
estimated that the average snuff dipper has a lifetime exposure to about
0.70 mmol/kg body weight of NNN and 0.03 mmol/kg body weight of NNK.
These levels compare with 1.6 mmol/kg body weight of a mixture of NNN
and NNK that induced tumors in the mouths of rats after oral swabbing
(Hecht et al., 1986; Hoffmann et al., 1990).
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Figure 3

Formation of tobacco-specific N-nitrosamines
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Organization’s recommendation that, short of getting people to cease using
tobacco, the harmful agents in chewing tobacco and snuff must be reduced
(WHO, 1988). The history of the snuff analyses in the United States and
Sweden has shown that a drastic reduction of the major carcinogens in ST
products is feasible.

In 1981, the U.S. Environmental Protection Agency mandated a ban of
maleic hydrazide diethanolamine (MH-30) for use on tobacco (US EPA,
1981). The diethanolamine part of this sucker growth inhibitor gives rise to
the carcinogen NDELA (Brunnemann and Hoffmann, 1981). Following the
ban of MH-30, the NDELA concentrations in smokeless tobacco declined, as
shown by our monitoring of leading brands of snuff and chewing tobaccos.
The reduction of NDELA values occurred gradually between 1981 and 1990,
from 6,840 ppb to 94 ppb in snuff and from 224 ppb to 74 ppbin chewing
tobacco (Brunnemann and Hoffmann, 1991). The concentration of the
strongly carcinogenic NMOR in a snuff brand fell from 690 ppb in 1981 to a
nondetectable level (< 2 ppb) in 1990 with the elimination of traces of
morpholine in the packaging (Brunnemann et al., 1982; Brunnemann and
Hoffmann, 1991).
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While the reduction or disappearance of NDELA and NMOR was pos-
sible through the elimination of their precursors, this approach is not
feasible for the reduction of nitrosamino acid and TSNA levels, because
proteins and alkaloids, the precursors for these carcinogens, are integral
parts of the tobacco. Nevertheless, elimination of nitrate-rich ribs and stems
of certain tobacco varieties and changes in ST processing, especially of snuff,
can lead to a major reduction of nitrosamines. Using NNN as an indicator
for levels of TSNA, we have confirmed its gradual decrease in the two U.S.
moist snuff brands that account for more than 85 percent of the current
market share. In 1980, we reported 26.5 ppm and 39 ppm of NNN for
brands A and B, respectively; in 1990, these levels had decreased to 10.4 and
9.6 ppm, respectively. In Sweden, the average NNN value for the leading
five snuff brands in 1980 amounted to 11.4 ppm and in 1990 for three
leading brands to 5.4 ppm. Two new snuff brands introduced in 1989 and
1990 on the U.S. market had NNN values of 4.1 and 3.2 ppm, respectively.
Because the volatile nitrosamines and the nitrosamino acids are formed
during the preparation of snuff by mechanisms similar to those leading to
TSNA, their concentrations also have been reduced.

These observations strongly support the concept that product modifica-
tions can lead to a significant reduction of nitrosamines in smokeless
tobacco (Table 5). Therefore, it was rather surprising that another snuff
brand introduced in the United States in 1989 and 1990 contained ex-
tremely high concentrations of TSNA and other carcinogenic nitrosamines,
in fact the highest ever reported (Table 5; see brand D). The increased pH of
this snuff (7.7 to 8.2), compared with other U.S. brands (5.6 to 7.3), suggests
that changes in manufacturing were possibly intended to facilitate the
absorption of nicotine through the oral mucosa. Unprotonated nicotine,
which increases steadily with increased pH above 6.2, is absorbed more
rapidly than protonated nicotine (Brunnemann and Hoffmann, 1974;

US DHHS, 1988).

The latter finding underscores the WHO recommendation to have the
harmful substances in ST subject to governmental control (WHO, 1988), at
least as it concerns the United States. Regulating agencies should be encour-
aged also to evaluate the flavor components and other chemical additives
that are used in the manufacture of smokeless tobacco products. Any agents
that are teratogenic or genotoxic should be banned.

105



Smoking and Tobacco Control Monograph No. 2

Table 5
Alkaloids and N-nitroso compounds in moist snuff brands, 1990 to 19912

United States Sweden

Brand A Brand B Brand C Brand D Brand E°  Three Brands

Moisture, % 56.0 57.8 51.8 50.00 - 57.8 51.9 46.6 - 54.2
pH 7.11 7.30 5.61 7.72 - 8.17 7.36 7.67-7.90
Nicotine, % 2.04 2.17 2.15 122-221 1.47 1.13-1.25
Total Alkaloids, % 2.18 2.32 2.32 1.32-2.38 1.59 1.24-141
Volatile Nitrosamines,® ng/g

NDMA ND¢ ND¢ ND¢ 147 - 265 ND¢ 51-63

NPYR 44 59 120 245 - 757 ND¢ ND¢ - 155
Nitrosamino Acids,® pug/g

NSAR 0.06 0.06 ND" 04 -25 0.10 0.03 - 0.68

MNPA 5.13 3.62 2.72 8.9 - 65.7 2.20 3.10 - 3.28

MNBA 0.47 0.26 0.09 19 -9.1 0.20 0.19-0.23

Total 5.70 3.90 2.80 11.2 -77.3 2.50 3.30-4.20
TSNA, ng/g

NNN 10.40 9.57 4.14 21 - 147 3.20 5.24 - 5.67

NNK 2.19 3.14 1.24 6-18 0.70 1.37-2.08

NAT + NAB 9.76 7.90 2.97 22 -115 2.00 2.58 - 3.47

Total 22.30 20.60 8.30 48 - 280 5.90 9.20 - 11.20

a All values are based on dry weight. Total alkaloids include nicotine, nornicotine, mysomine, anatabine,
anabasine, 2,3-dipyridyl, and cotinine.

b Range of five samples bought in different stores in Texas.

¢ Snuff in sachets imported from Sweden.

9 NDMA, N-nitrosodimethylamine; NPYR, N-nitrosopyrrolidine.

e ND, not detected < 0.005 ug/g.

f NSAR, N-nitrososarcosine; MNPA, 3-(methylnitrosamino)propionic acid; MNBA, 4-(methylnitrosa-
mino)butyric acid.

9 ND, not detected < 0.01 ug/g.

h TSNA, tobacco-specific N-nitrosamines; NNN, N'-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone; NAT, N'-nitrosoanatabine; NAB, N'-nitrosoanabasine.
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Carcinogenesis of Smokeless Tobacco’

Dietrich Hoffmann, Abraham Rivenson, and Stephen S. Hecht

ABSTRACT Smokeless tobacco induces tumors in the oral cavity of rats. Of the 28 known carcinogens

in tobacco, the major contributors to the carcinogenic activity of ST are the nitrosamines,
especially the tobacco-specific nitrosamines (TSNA). Among seven TSNA that have been
identified in ST, N'-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) are the most potent carcinogens. A total dose of 450 pg NNK is sufficient to
induce tumors in rats, and 420 pg NNK suffice to elicit tumors in mice. A mixture of NNN and
NNK causes oral tumors in rats at a dose comparable to that ingested by a lifelong snuff dipper.
In accordance with the recommendations of the World Health Organization, harmful substances
in ST should be reduced and should be subject to governmental control and regulations.

INTRODUCTION Epidemiological investigations have revealed that tobacco chewers

and snuff dippers face an increased risk for cancer of the oral cavity and
pharynx. Chewing of smokeless tobacco has also been linked with cancer of
the nasal cavity, esophagus, pancreas, and urinary bladder (International
Agency for Research on Cancer, 1985; Kabat et al., 1986; Winn, 1992).
Topical application of extracts from tobacco and from snuff has induced
tumors in mouse skin. Such extracts have also exhibited cocar-cinogenic
activity (IARC, 1985; US DHHS, 1986). In some bioassays, ST products were
tested for tumorigenicity by painting the oral cavity with extracts, by
implantation, or by repeated insertion of chewing tobacco or snuff into the
cheek pouch (Table 1) (Gothoskar et al., 1975; Hecht et al., 1986;
Homburger, 1971; Homburger et al., 1976; Kandarkar et al., 1981; Peacock et
al., 1960). Although most of these bioassays have led to epithelial hyperpla-
sia in the mouth or cheek pouches, none of them actually induced oral
tumors.

Hirsch and Thilander (1981) developed a new method for the bioassay
of ST in the oral cavity of laboratory animals. A canal is created in the lower
lip of rats by surgery, and snuff is inserted and exchanged twice daily
(Hirsch and Thilander, 1981). The first assays with this technique led to
hyperplasia, dysplasia, and other lesions in the lip canal and oral cavity but
not to oral tumors (Hirsch and Johansson, 1983; Hirsch and Thilander,
1981). Subsequently, other investigators modified the lip canal methodol-
ogy and assayed commercial snuff. In one case, 2 of 32 rats treated with
snuff developed epithelial tumors in the lip canal and 1 rat had a papilloma
of the palate (Hecht et al., 1986). Johansson and colleagues (1989) induced
five oral tumors and two nasal tumors in a group of 29 rats in a long-term
assay with snuff. Together with experimentally induced herpes simplex virus
type 1 (HSV-1) infection, snuff treatment caused squamous cell carcinoma
of the oral cavity in two of seven rats (Hirsch et al., 1984). Park and associ-
ates (1986) repeatedly infected the buccal pouches of hamsters with either

! Supported by National Cancer Institute grant no. CA-29580.
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Table 1
Bioassays for the induction of oral tumors with ST
Material*  Animal® Method Result Reference
CT Hamster Implantation into cheek No oral tumors Peacock et al., 1960
pouch
CT Hamster Thrice weekly insertion No neoplastic Kandarkar et al., 1981
of CT with lime into changes
cheek pouch
CT Rat Painting of oral cavity No oral tumors Gothoskar et al., 1975
with extract twice weekly
Hamster, M Feeding of S with diet (20%) No oral tumors Homburger et al., 1976
Hamster Insertion in cheek pouch No tumors Peacock et al., 1960
Hamster Daily attachment of No oral tumors Homburger, 1971
cartridge containing 0.5 g
S to lower incisors for
30 min; 1 yr
S Rat, M Twice daily painting of oral No oral tumors Hecht et al., 1986
cavity and lips with
concentrated S extract
S Rat Lip canal; twice daily Epithelial Hirsch and Thilander,
insertion of 0.2 g S; hyperplasia and 1981
up to 18 to 22 mo dysplasia, no
oral tumors
S Rat, M Lip canal; one daily 3/32 oral tumors Hecht et al., 1986
insertion of 0.05g S;
up to 25 mo
S Rat Lip canal; twice daily 0/10 oral tumors Hirsch et al., 1984
insertion of 0.2g S;
up to 18 mo
As above plus HSV-1 2/7 oral tumors
infection
S Rat Lip canal; twice daily 5/29 oral and lip Johansson et al., 1989
insertion of 0.1 g; tumors
up to 20 mo 2/29 nasal tumors
S Hamster Insertion twice daily 0/15 oral tumors Park et al., 1986

of 0.15 g S into buccal
pouch; up to 6 mo

As above plus HSV-1
infection

As above plus HSV-2
infection

10/20 oral carcinoma

11/20 oral carcinoma

a CT, chewing tobacco; S, snuff.

b M, males.
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HSV-1 or HSV-2 and inserted 150 mg of commercial snuff into the infected
pouches twice daily. After 6 mo, 10 of 20 hamsters inoculated with HSV-1
and exposed to snuff developed invasive squamous cell carcinoma in the
buccal pouch; in the group treated with HSV-2 and snuff, 11 of 20 hamsters
developed carcinoma in the buccal pouch. None of the animals treated
with either virus type or with snuff alone developed oral tumors within

6 mo (Park et al., 1986).

Thus, bioassays support the epidemiological observation that the long-
term use of ST leads to cancer in the oral cavity. The next goal in explaining
the causes of oral cancer by tobacco is the identification of those agents
among the more than 3,050 known tobacco constituents (Roberts, 1988)
that make smokeless tobacco carcinogenic. Until now, 28 known carcino-
gens have been reported in processed tobacco (Table 2) (Brunnemann and
Hoffmann, 1992; Hoffmann et al., 1991; IARC, 1987 and 1988).

CARCINOGENS The contamination of processed tobacco with benzo[a]pyrene and

IN SMOKELESS other carcinogenic polynuclear aromatic hydrocarbons (PAH) stems

TOBACCO mostly from polluted air (Campbell and Lindsey, 1956 and 1957;
Wynder and Hoffmann, 1967). However, the levels of PAH appear to be too
low to make a significant contribution to the carcinogenicity of snuff in the
oral cavity (IARC, 1973). The possible carcinogenic effect of a- and -
angelica lactones cannot be evaluated at this time, because these tobacco
constituents have not yet been assayed by oral application. Coumarin
applied to rats as a dietary component induced tumors in the bile duct but
not in the upper digestive tract (IARC, 1976). Urethan (ethyl carbamate),
when given in the drinking water to mice, induces primarily lung tumors; in
rats, urethan causes tumors at multiple sites, but predominantly hepatomas.
In hamsters, urethan causes tumors of the forestomach and melanotic
tumors of the skin (IARC, 1975).

Three carcinogenic volatile aldehydes have been detected in smokeless
tobacco; their concentrations in oral snuff are lower than in other processed
tobacco types and products (Brunnemann and Hoffmann, 1992; Wynder
and Hoffmann, 1967). Acetaldehyde, for example, is found in the major
tobacco types in amounts up to 270,000 ng/g (270 ppm) (Weybrew and
Stephens, 1962), yet the data reported for U.S. commercial snuff showed
about 1/10 of those concentrations (Table 2). The International Agency for
Research on Cancer (1987) regards formaldehyde as an animal carcinogen
and as probably carcinogenic to humans. After inhalation of formaldehyde
(14.3 ppm), rats developed squamous cell carcinoma of the nasal cavity
(Albert et al., 1982; IARC, 1982 and 1987). Inhalation of acetaldehyde
produced adenocarcinoma and squamous cell carcinoma of the nasal
mucosa in rats and laryngeal carcinoma in hamsters (IARC, 1987). Acetalde-
hyde is also known to inhibit the repair of DNA lesions (Grafstrom et al.,
1986). Croton aldehyde, fed to rats in the drinking water (0.6 mM), induced
benign and malignant tumors of the liver (Chung et al., 1986). Data are
lacking for the carcinogenicity of volatile aldehydes in the upper digestive
tract, but one would assume that these components contribute to the
carcinogenicity of ST.
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Table 2
Carcinogenic agents in tobacco

IARC Evaluation of Evidence
of Carcinogenicity?®

Tobacco Concentration, In Laboratory In
Type® ng/g° Animals Humans
Benzo[a]pyrene NT, S >0.1-90.0 Sufficient Probable
a-Angelica Lactone NT Present
B-Angelica Lactone NT Present
Coumarin NT 600 Limited
Ethyl Carbamate CT 310- 375 Sufficient
Volatile Aldehydes
Formaldehyde NT, S 1,600 - 7,400 Sufficient Probable
Acetaldehyde NT, S 1,400 - 27,400 Sufficient
Crotonaldehyde S 200 - 2,400
Nitrosamines
Nitrosodimethylamine CT, S ND - 270 Sufficient Probable
Nitrosopyrrolidine CT, S ND - 760 Sufficient
Nitrosopiperidine CT, S ND - 110 Sufficient
Nitrosomorpholine CT, S ND - 690 Sufficient
Nitrosodiethanolamine CT,S 40 - 6,800 Sulfficient
Nitrosamino Acids
Nitrososarcosine S ND - 2,500 Sufficient
3-(Methylnitrosamino)- CT, S 200 - 65,700
propionic acid
4-(Methylnitrosamino)- CT, S ND - 9,100
butyric acid
Nitrosoazetadine-2- CT 4-140
carboxylic acid
Tobacco-Specific Nitrosamines
N-Nitrosonornicotine CT,S 400 - 147,000 Sulfficient
4-(methylnitrosamino)- CT, S ND - 18,000 Sufficient
1-(3-pyridyl)-1-butanone
4-(methylnitrosamino)- S Present
1-(3-pyridyl)-1-butanol
N*-Nitrosoanabasine SM, S Present - 560 Limited
Inorganic compounds
Hydrazine SM 14 -51 Sulfficient Inadequate
Arsenic NT 500 - 900 Inadequate Sufficient
Nickel SM, S 180 - 2,700 Sufficient Sufficient
Cadmium SM 700 - 790 Sufficient Probable
p Cilg
Polonium-210 NT, S 0.16 - 1.22 Sulfficient Sulfficient
Uranium-235 and -238 S 24,191

2 Absence of a designation indicates that IARC has not evaluated.
5 NT, natural tobacco;, SM, smoking tobacco; S, snuff; CT, chewing tobacco.
¢ ND, not determined.
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There is no information on the possible contribution of inorganic
carcinogenic ST constituents to the increased oral cancer risk of chewers and
snuff dippers. However, tobacco chewers have a higher level of trace
amounts of some metals in the oral mucosa than do nontobacco users
(Robertson and Bray, 1988). Of special concern is the human carcinogen
polonium-210, which is a decay product of radon (IARC, 1988). Data on the
polonium-210 content of oral tissues are needed before one can consider the
carcinogenic effect of polonium-210 on the oral cavity of chewers.

N-NITROSAMINES Processing of tobacco to chewing tobacco or snuff yields several

TSNA

types of nitrosamines. Precursors to such carcinogens are nitrate or nitrite,
the amino acids and proteins of the tobacco, and the Nicotiana alkaloids.
These constituents form volatile nitrosamines (VNA), nitrosamino acids
(NNA), and tobacco-specific nitrosamines (TSNA), respectively. In addition,
residues of morpholine and diethanolamine from tobacco contaminants can
serve as precursors for the corresponding nitrosamines.

Nitrosamines are generally organ-specific carcinogens: they induce
benign and malignant tumors in specific organs, independent of site and
mode of application (Table 3). The VNA are powerful animal carcinogens.
For example, a daily dose of 40 pg of nitrosodimethylamine in the drinking
water during the lifetime of rats induces liver tumors in 50 percent of the
animals (Peto et al., 1984). None of the nitrosamines listed in Table 3,
except nitrosodiethanolamine, are known to induce oral cavity tumors.
Nitrosodiethanolamine causes tumors of the upper aerodigestive tract in
hamsters in addition to tracheal tumors after swabbing of the oral cavity
with an aqueous solution (Hoffmann et al., 1983).

So far, 10 nitrosamino acids have been identified in ST (Brunnemann
and Hoffmann, 1991). Only six of these have been assayed for carcinoge-
nicity. Nitrosoproline and nitrosothioproline are inactive in mice and rats.
Nitrososarcosine and 3-(methylnitrosamino)propionic acid induce liver
tumors in mice or rats, whereas 4-(methylnitrosamino)butyric acid induces
bladder cancer in rats (Preussmann and Stewart, 1984; Rivenson et al.,
1989). None of the nitrosamino acids have been assayed by topical applica-
tion to the oral cavity, although their relatively high concentrations in snuff
(up to 65 ppm) make such tests highly desirable.

The most important carcinogens in ST are TSNA. They are formed by
nitrosation of the Nicotiana alkaloids during curing, fermenting, and aging
of the leaves. Seven TSNA have been identified in ST (Brunnemann and
Hoffmann, this volume). Two of these, N'-nitrosonornicotine (NNN) and 4-
(methylnitrosamino)-1-(3-pyridine)-1-butanol (NNAL), are powerful carcino-
gens in mice, rats, and hamsters, inducing tumors in the lung, upper
aerodigestive tract, or pancreas (Table 4). N'-Nitrosoanabasine is a weak
esophageal carcinogen in rats. N'-Nitrosoanatabine (NAT) and 4-(methyl-
nitrosamino)-4-(3-pyridyl)butyric acid (iso-NNAC) are not carcinogenic and
4-(methylnitrosamino)-4-(3-pyridyl)-1-butanol (iso-NNAL) has not been
bioassayed.
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Table 3

Organ-specific carcinogenicity of nitrosamines in mice, rats, and hamsters

Major Target Organs for Carcinogenicity

Syrian
Mice Rats Golden Hamsters
Nitrosodimethylamine Liver, lung Liver, kidney Liver
Nitrosopyrrolidine Lung Liver Lung, trachea

Nitrosopiperidine

Lung, forestomach

Esophagus, liver Trachea, nasal cavity

Nitrosomorpholine Liver, lung Liver, nasal cavity Trachea, nasal cavity
Nitrosodiethanolamine Liver Trachea, nasal cavity
Table 4
Carcinogenicity of TSNA
Animal Route of Principal Dose,
(Strain) Application Target Organ mmol/Animal
TSNA?
NNN Mouse Topical (TI)® None 0.028
Mouse (A/J) Intraperitoneal Lung 0.1
Rat (F-344) Subcutaneous Nasal cavity, 0.2-34
esophagus
Rat (F-344) Oral Esophagus, 1.0-3.6
nasal cavity
Rat Oral Nasal cavity 8.8
(Sprague-Dawley)
Syrian golden Subcutaneous Trachea, 09-21
hamster nasal cavity
NNAL Mouse (A/J) Intraperitoneal Lung 0.12
Rat (F-344) Subcutaneous Lung, pancreas 0.32
NAB Rat (F-344) Oral Esophagus 3-12
Syrian golden Subcutaneous None 2
hamster
NAT Rat (F-344) Subcutaneous None 2.8
iso-NNAC  Mouse (A/J) Intraperitoneal None 0.2

Source: Hecht and Hoffmann (1989), except iso-NNAC, Rivenson et al. (1989).

2 For data on NNK, see Table 20-5.

b TI, tumor-initiating assay with TPA as promoter; NNN, N -nitrosonornicotine; NNAL,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; NAB, N'-nitrosoanabasine; NAT,
N "-nitrosoanatabine; iso-NNAC, 4-(methylnitrosamino)-4-(3-pyridyl)butyric acid.
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The most powerful carcinogen in ST is 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) (Table 5). NNK induces lung cancer and tumors
of the nasal cavity and liver in rats. When NNK is administered in drinking
water to rats, it also induces malignant tumors of the exocrine pancreas. In
fact, NNK and its enzymatic reduction product NNAL are the only pancreas
carcinogens known to occur in ST and in tobacco smoke. This finding is
significant because both tobacco smokers and ST users have an increased
risk for cancer of the exocrine pancreas (IARC, 1985; US DHHS, 1986 and
1989). NNK is also a weak transplacental carcinogen in mice and hamsters,
resulting in lung tumors in offspring (Anderson et al., 1989; Anderson and
Rice, this volume; Correa et al., 1990). Perhaps the most important aspect
of NNK is its high carcinogenic potency; 450 pg induce tumors in rats
(Belinsky et al., 1990).

NNN and NNK as an admixture have induced oral tumors in laboratory
animals, when an aqueous solution of these TSNA was used to swab the oral
cavity of rats twice daily for up to 131 wk (Hecht et al., 1986). The total
dose applied amounted to about 97 mg of NNN (1,400 pmol/kg) and 19 mg
of NNK (240 pmol/kg). Based on the analytical data for the best-selling U.S.
snuff brand in 1980 (Hoffmann and Adams, 1981), consumption of 10 g of
snuff per day exposes the oral cavity of a snuff dipper during a lifetime to
about 5,700 mg of NNN (460 pmol/kg) and to about 360 mg of NNK
(25 pmol/kg). This comparison supports the concept that the TSNA greatly
contribute to the increased risk of snuff dippers for cancer of the oral cavity.
The estimate of exposure of snuff dippers to the carcinogenic NNN and NNK
did not consider the likely event that additional amounts of TSNA are
formed endogenously during chewing (Tsuda and Kurasima, 1991).

DISCUSSION The bioassay data strongly support the epidemiological observation
that ST is carcinogenic to humans. Twenty-eight carcinogens have been
identified in chewing tobacco and snuff. The high concentrations of N-
nitrosamines in ST, and especially the high levels of TSNA, are of great
concern. The TSNA derive exclusively from the tobacco alkaloids, predomi-
nantly from the pharmacoactive nicotine, and are formed during tobacco
processing. A bioassay has shown that a mixture of NNN and NNK induces
oral tumors in rats. The orally applied amounts of NNN and NNK are
comparable to the cumulative doses to which a snuff dipper is exposed
during a lifetime.

Emphasis should be placed on educating the public to the hazards of
tobacco chewing and snuff dipping. Because of the millions of ST users
throughout the world, urgent support for the recommendations of the
World Health Organization to regulate the harmful substances in ST is
needed (WHO, 1988). As discussed in Brunnemann and Hoffmann (1992),
significant reductions in the unacceptably high concentrations of carcino-
gens in tobacco, especially those of the nitrosamines, are feasible.
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Table 5

Carcinogenicity of NNK in laboratory animals

Route of Principal Dose,
Application Target Organ mmol/Animal Reference
Mouse Topical (TI)2 Skin 0.028 Hecht and Hoffmann, 1989
(Sencar)
Oral Lung, nasal 0.6-1.2 Prokopczyk et al., 1992
cavity, liver
Mouse Intraperitoneal Lung 0.01-0.12 Hecht and Hoffmann, 1989
(A1J) Morse et al., 1991
Rat Subcutaneous Lung, nasal 0.2-2.8 Hecht and Hoffmann, 1989
(F-344) cavity, liver
Lung, nasal 0.0025 - 3.6 Belinsky et al., 1990
cavity
Oral (in drinking Lung, liver, 0.075-0.31 Hecht and Hoffmann, 1989
water) pancreas
Oral (by gavage) Liver, lung 1.3 Lijinsky et al., 1990
Intravesical Lung, liver 15 Lijinsky et al., 1990
Syrian Subcutaneous Trachea, lung, 0.005-0.9 Hoffmann et al., 1991
Golden nasal cavity
Hamsters

a Tl = tumor-initiating assay with TPA as a promoter.
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Oncogenes in Head and Neck Cancer!

Kenneth D. Somers, Suzanne E. Glickman, Suzanne L. Cartwright,
Bryan G. Stoll, Stella L. Maurizio, and Gary L. Schechter

ABSTRACT Squamous cell carcinomas of the head and neck (SCCHN) were analyzed for activated
oncogenes by DNA transfection assay and Southern blot hybridization. Transforming activity
was not detected in SCCHN DNAs (n=31) by two DNA transfection assays. A cluster of proto-
oncogenes (int-2, hst-1, bcl-1) localized to chromosome 11 band q13 was amplified two- to
eightfold in approximately 30 percent of SCCHN (n=45); c-erbB-1 was amplified in 10 percent
of the same tumors. Adjacent clinically and histologically normal tissue from the same patients
had single proto-oncogene copy number. No amplification or rearrangement of c-erbB-2/HER2,
c-myc, N-myc, N-ras, H-ras-1, or K-ras-2 was detected in any of the SCCHN. The 11q13
amplicon in SCCHN consisted of int-2, hst-1, and bcl-1, but did not include c-sea, also on
11q13, or extend to the collagenase gene locus (11q21-22), c-ets-1 (11923), or H-ras-1 (11p15.5).
The data implicate amplification of int-2/hst-1/bcl-1 as one of the genetic alterations underlying
head and neck tumor formation.

INTRODUCTION Proto-oncogenes are normal cellular genes known to function in
the control of cell growth and differentiation. When mutated or abnor-
mally expressed, proto-oncogenes can be activated to oncogenic potential
resulting in aberrant cell signaling and unrestrained cell proliferation
(Bishop, 1991). Increasingly, activated oncogenes are being identified as
one of the genetic alterations underlying human tumor pathogenesis. The
most informative studies derive from the genetic analysis of colorectal
cancer in which the stepwise accumulation of genetic damage in the form of
activation of proto-oncogenes and inactivation of tumor suppressor genes
leads to tumor development and progression (Fearon and Vogelstein, 1990).

There are few reports of activated oncogenes in head and neck tumors.
Activated ras genes have been detected in < 10 percent of head and neck
tumors (Howell et al., 1990; Sheng et al., 1990). We reported amplification
of the int-2 proto-oncogene in squamous cell carcinomas of the head and
neck (SCCHN) (Somers et al., 1990) and recently demonstrated that hst-1 is
frequently co-amplified with int-2 in SCCHN; int-2 and hst-1 are in the
fibroblast growth factor family (Dickson et al., 1990), whose members
function in angiogenesis and as mitogenic growth factors (reviewed in
Burgess and Maciag, 1989). Although the expression and function of int-2
and hst-1 in SCCHN is uncertain, amplification of these genes in head and
neck tumors implicates their role in tumor formation. In this study, we
analyzed SCCHN for biologically active oncogenes by DNA transfection and
extended our analysis of the int-2 gene amplification unit in SCCHN.

! Supported by Smokeless Tobacco Research Council grant no. 0112 and the Medical College of
Hampton Roads Foundation.
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MATERIALS Surgical specimens were obtained from patients with histologically
AND METHODS identified SCCHN. Adjacent normal tissue was obtained whenever

Tissue

possible. Tissue specimens were stored at -70 °C for subsequent
DNA extraction. Human laryngeal SCC cell lines UMSCC10A,

Specimens and UMSCC10B, and UMSCC16 were provided by T.E. Carey, and Hep 2
DNA Extraction was obtained from the American Type Culture Collection (ATCC).

Cell lines were grown in Eagle’s minimum essential medium supplemented
with 10 percent fetal bovine serum. High molecular weight DNA was
prepared as described by Somers and coworkers (1990).

Transfection DNA transfection was performed by the calcium phosphate precipita-

Assays

tion technique (Graham and van der Eb, 1973) using NIH3T3 mouse
fibroblasts as recipients. Foci of morphologically transformed cells were
counted after 14 to 21 days. The nude mouse tumorigenicity assay was
performed as described (Fasano et al., 1984) using pSV2_  as a dominant
selectable marker, thereby permitting G418 antibiotic selection of stable
transfectants. Positive control DNA for transfection assays was extracted
from H-ras-transformed NIH3T3 cells, 44-9. DNA extracted from human
diploid fibroblasts or placenta served as the negative control. DNA extracted
from primary transfectants and tumors was used in a second cycle transfec-
tion and examined for human DNA sequences by Southern blot analysis
with the human Alu repetitive DNA probe BLUR 8.

Southern Blot DNA (10 pg) was digested with EcoRI or BamHI, separated by electro-

Analysis

RESULTS

Transforming
Activity of
SCCHN DNA
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phoresis in 0.8 percent agarose gels, and blotted to nylon filters
(Biotrans, ICN). Filters were baked for 2 h at 80 °C. Filters were
prehybridized for 1 h at 42 °C in 50 percent formamide, 5X SSC (1X SSC is
0.15 M NaCl and 0.015 M sodium citrate), 5X Denhardt’s solution, 0.05 M
sodium phosphate (pH 6.5), 0.1 percent sodium dodecyl sulfate (SDS), and
250 pg/mL denatured salmon sperm DNA. Hybridization was performed
with 1x10° cpm of heat-denatured *2P-labeled oncogene DNA probes per
milliliter of prehybridization solution overnight at 42 °C. Filters were
washed for 20 min at room temperature in 2X SSC and 0.1 percent SDS and
at 50 °C for 30 min in 0.1X SSC and 0.1 percent SDS and then exposed at
-70 °C to Kodak XAR-5 film with an intensifying screen. DNA probes used
for hybridization included the following: int-2 probe SS6 (Casey et al., 1986)
provided by C. Dickson; hst-1 probe pORF1 (Taira et al., 1987) provided by
M. Terada; bcl-1 probe b (Tsujimoto et al., 1985) provided by Y. Tsujimoto;
c-sea probe p6.2 (Williams et al., 1988) provided by M. Hayman; and human
collagenase (CLG) probe pCllase 1 (Whitman et al., 1986) obtained from
ATCC. Probes for c-ets-1, H-ras-1, K-ras-2, N-ras, N-myc, c-myc, c-erbB-1, and
c-erbB-2 were described previously (Somers et al., 1990). Cloned insert DNA
(50 ng) was labeled with [*2P]dCTP by the random primer method to a
specific activity of 5x107 cpm/pg of DNA.

We used two general oncogene detection techniques, the NIH3T3
focus assay and the nude mouse tumorigenicity assay, to analyze
proto-oncogene activation in 31 primary or metastatic SCCHN and
four human cell lines derived from SCC of the larynx (Hep 2,
UMSCCI10A, UMSCC10B, and UMSCC16). Provisional evidence for
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the transfer of oncogenes by DNA transfection could not be confirmed by
analysis of transformant or nude mouse tumor DNAs for the presence of
human Alu repetitive DNA sequences (data not shown). Control transfec-
tions of NIH3T3 cells with 44-9 DNA containing activated H-ras produced
foci of morphologically transformed cells and induced tumors in nude mice
with a latency of 1 to 2 wk.

Southern Blot [n an alternative approach, DNA extracted from SCCHN and tumor-
Analysis of derived cell lines was analyzed for amplified or rearranged proto-

Activated
Oncogenes

Gene

oncogenes by Southern blot hybridization. An example of such an

analysis using probes corresponding to int-2, c-ets-1, N-ras, and
N-myc is shown in Figure 1. int-2 was amplified two- to fivefold in two
hypopharyngeal tumors (lanes 2 and 7), two tongue tumors (lanes 5 and
12), and one laryngeal tumor (lane 8), relative to human placenta DNA used
as a single copy int-2 gene control (Figure 1, top). int-2 was amplified
threefold in A431 epidermoid carcinoma cells used as a positive control.
The blot was stripped and reprobed with either c-ets-1 (Figure 1, middle) or a
mixture of N-ras and N-myc probes (Figure 1, bottom). No alterations of c-
ets-1, N-myc, or N-ras were detected in any of the tumors. Using this type of
analysis, we subjected a panel of SCCHN to Southern blot analysis using
oncogene probes. The results are summarized in Table 1. int-2, hst-1, and
bcl-1 were amplified in approximately 30 percent of SCCHN, whereas c-erbB-
1 was amplified in 10 percent of the tumors. No amplification or rearrange-
ment of c-erbB-2/HER2, c-myc, N-myc, N-ras, H-ras-1, or K-ras-2 was detected
in any of the SCCHN (Table 1).

We demonstrated previously amplification of the int-2 proto-

Amplification oncogene in SCCHN (Somers et al., 1990). As shown in Table 1,

on 11q13

int-2, hst-1, and bcl-1 were the most frequently amplified proto-
oncogenes in SCCHN. To define accurately the region of DNA amplification
on 11q13, we analyzed two other gene loci, bcl-1 and c-sea, which have also
been mapped to 11q13. Figure 2 shows a representative BamHI digest of
tumor and matched normal DNA from six patients serially probed with
int-2, hst-1, bcl-1, and c-sea. The results demonstrate that the int-2, hst-1, and
bcl-1 genes are amplified together in a laryngeal and pharyngeal tumor but
not in adjacent normal tissue from the same patients. The degree of amplifi-
cation generally ranged between two- and eightfold. The c-sea proto-onco-
gene, which also maps to 11q13, was not amplified in any of the tumors.
In an effort to characterize the region of DNA amplification, filters were
reprobed with the collagenase gene (CLG) located at segment 11q21-22
(Figure 2). No amplification of the CLG gene was detected in tumors where
int-2, hst-1, and bcl-1 were clearly amplified.

A map of chromosome 11 and the region of amplification is shown in
Figure 3. The 11q13 amplicon contains four previously recognized
oncogenes (int-2, hst-1, bcl-1, c-sea). Their location and map distances are
shown. hst-1 is located 35 kb from int-2, and bcl-1 is approximately 1,000 kb
proximal to the centromere from int-2 (Nguyen et al., 1988). The precise
location of c-sea relative to the other loci in 11q13 is unknown. We exam-
ined a group of int-2 amplified head and neck tumors for amplification of
hst-1, bcl-1, and c-sea. The results of this analysis are depicted in Figure 3.
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Figure 1

Amplification of int-2 in SCCHN. DNA (10 pg) was digested with EcoRI and
analyzed by Southern blot hybridization sequentially with the int-2 probe (top),
c-ets-1 probe (middle), and mixed N-ras and N-myc probes (bottom). Lanes 1 to
12: DNA from 12 separate tumors derived from the tongue (T), hypopharynx
(H), tonsil (TL), and larynx (L); A431: DNA from A431 cells; HP, human placenta
DNA. Numbers on the right indicate DNA fragment sizes in kb detected by the
probes.
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Eleven of 12 tumors contained DNA coamplified for the int-2 and hst-1
gene; one tumor of the larynx exhibited int-2, but not hst-1, amplification.
Eight of the int-2 amplified tumors were evaluated for bcl-1 and c-sea DNA
amplification. All eight contained amplified bcl-1 DNA, whereas none of
eight had amplified c-sea DNA.
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Table 1
Frequency of oncogene amplification in head and neck squamous cell carcinoma

Chromosome
Location Total Amplification
Oncogene
int-2 11 13 45 14 (31%)
hst-1 11 13 39 11 (28%)
bcl-1 11 13 28 8 (29%)
c-sea 11 q13 29 0
c-ets-1 11 g23 24 0
H-ras-1 11 p15.5 33 0
K-ras-2 12 p12.1 21 0
N-ras 1 p22 24 0
N-myc 2 p24 24 0
c-myc 8 q24 21 0
c-erbB-1 7 pl12-13 21 2 (10%)
c-erbB-2 17 g11-12 21 0

DISCUSSION In this study we examined a series of SCCHN for activated oncogenes.
We were unable to detect transforming activity in 31 SCCHN DNAs by
transfection assays. Detection of activated oncogenes by the biological
transformation assay may underestimate the frequency of activated
oncogenes (Barbacid, 1987). Few studies have examined head and neck
cancer for activated ras genes. Tadokoro and associates (1989) detected
activated H-ras-1 by DNA transfection in two cell lines established from
metastatic lymph nodes of patients with palatal or floor-of-mouth SCC.
Activated K-ras-2 was detected in 1 gingival SCC of 11 tumor DNAs tested by
DNA transfection (Howell et al., 1990). Recently, the use of allele-specific
oligonucleotide hybridization assays or RNase A mismatch cleavage analysis
has significantly increased the detection of mutated ras genes in human
malignancies (Bos, 1989). Using polymerase chain reaction and oligonucle-
otide hybridization to detect ras mutations at codons 12, 13, and 61, Sheng
and associates (1990) detected a mutation at codon 12 of the H-ras-1 gene in
2 of 54 head and neck tumors. No mutations were detected at positions 12,
13, and 61 of the K-ras-2 gene or at positions 12 and 61 of the N-ras gene
(Sheng et al., 1990). Although further studies are needed to confirm these
findings, the combined data indicate that ras mutations are an uncommon
genetic alteration in SCCHN.

Proto-oncogenes can be activated to oncogenic potential by mutational
alterations or overexpression (Bishop, 1991). Overexpression of oncogenes
at the level of gene amplification is a frequent observation in human tumors
(Schwab and Amler, 1990). In certain tumors, oncogene amplification is
associated with a more aggressive tumor phenotype and a poor clinical
prognosis. Notable examples of oncogene amplification correlated with
decreased survival include N-myc amplification in neuroblastomas (Brodeur
et al., 1984; Seeger et al., 1985) and c-erbB-2/HER2 amplification in breast
and ovarian cancers (Slamon et al., 1989).

123



Smoking and Tobacco Control Monograph No. 2

124

Figure 2

Coamplification of int-2, hst-1, and bcl-1 in SCCHN. DNA (10 pg) was digested
with BamHI and the filter probed sequentially with int-2, hst-1, bcl-1, c-sea, and
CLG probes. Tumor (T) and adjacent normal tissue (N) from individual patients
with tumors of the larynx (L), floor of mouth (FOM), and pharynx (PX). A431
and HP are the same as in Figure 1. Numbers on the right indicate DNA frag-
ment sizes in kb detected by the probes.
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Figure 3

Map of chromosome 11 with the region of gene amplification in band q13 expanded. The
table on the right indicates the presence (+) or absence (-) and frequency of amplification of
specific gene loci on chromosome 11 in a panel of SCCHN.

H-ras-1 Amplification
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There are few studies that report oncogene amplification and over-
expression in head and neck cancer. Amplification of N-myc and N-ras was
observed in approximately 40 percent of 23 cases of oral cavity SCC
(Saranath et al., 1989). We were unable to confirm these findings. In-
creased transcription of c-myc was detected in 14 SCCHN (Field and
Spandidos, 1987) and in 8 of 9 oral and laryngeal SCC (Riviere et al., 1990),
but the number of cases is too small to make any meaningful clinical corre-
lations. Results of the present study reveal the coamplification of int-2, hst-
1, and bcl-1 in about 30 percent of SCCHN. The three genes comprise a
rather large amplicon on 11q13. We have broadly defined the limits of the
11q13 amplicon in SCCHN to include int-2, hst-1, and bcl-1, but not c-sea,
which also maps to 11q13. The amplicon does not extend to the collage-
nase locus 11q21-22, the c-ets-1 locus 11923, or the pepsinogen cluster
mapped to 11p11-q13 (Somers et al., 1990). Further work is needed to map
more accurately the size of the 11q13 amplicon and to identify additional
genes that reside in this region. It is also important to define the selective
mechanisms that drive and maintain the 11q13 amplicon in SCCHN.
Because int-2 and hst-1 are members of the FGF gene family, one model
would predict that overexpression of int-2 or hst-1 might confer a growth
advantage on the tumor cell. Studies of int-2/hst-1 gene expression in
SCCHN are needed to address this possibility. However, data from other
studies have shown low or undetectable levels of int-2 or hst-1 transcripts in
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human breast cancer, regardless of any amplification of the gene (Fantl et
al., 1990). Alternatively, maintenance of the 11q13 amplicon would be
driven by the expression of an unidentified gene on 11q13. Ultimately, it
will be necessary to express int-2 and hst-1cDNAs in squamous epithelial
cells of the upper aerodigestive tract and examine these cells for properties
that distinguish the malignant tumor phenotype.

Finally, it is important that amplification of int-2, hst-1, and bcl-1 on
11913 may be involved in different human tumors. One or more of the
three proto-oncogenes within the amplicon have been reported to be
amplified in breast carcinoma (Ali et al., 1989; Theillet et al., 1990), mela-
noma (Adelaide et al., 1988), esophageal carcinoma (Tsuda et al., 1989),
stomach cancer (Yoshida et al., 1988), and SCCHN (Berenson et al., 1989;
Merritt et al., 1990; Somers et al., 1990; Zhou et al., 1988). Thus, the eluci-
dation of the role of the 11q13 amplicon in SCCHN might provide clues in
understanding the development and progression of other human malignan-
cies. Clearly, this marker in SCCHN should encourage future studies to
determine if 11q13 gene amplification might be useful to predict tumor
behavior and disease progression.
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Oncogenes in Tobacco-Induced
Oral Cancer

Madhav G. Deo and Dhananjaya Saranath

ABSTRACT This paper reviews the status and implications of oncogenes in oral cancer caused by
smokeless tobacco (chewing), which accounts for 40 percent of malignancies in India. A
variety of abnormalities consisting of amplification, overexpression, point mutation, deletion,
and rearrangement of oncogenes, particularly of myc and ras families, are seen in more than
90 percent of the cancers in India. A longitudinal study of oncogenes at various stages of oral
carcinogenesis, particularly in leukoplakias and early cancers, will not only throw light on the
molecular biology of malignant transformation but also provide clues to the early diagnosis of
this cancer through molecular biology techniques.

INTRODUCTION Oral cancer, which is among the 10 most prevalent cancers in the
world, is a common cancer in South and Southeast Asia, where the habit of
tobacco chewing is widely prevalent. In India, tobacco chewing is a major
cause of cancer mortality, accounting for about 40 percent of the total
malignancies. Clinical, epidemiological, and laboratory studies indicate a
causal relationship between prolonged tobacco chewing and oral cancer,
smokeless tobacco being the sine qua non (Gupta et al., 1987; Jussawalla
and Deshpande, 1971). A latent period of 5 to 15 yr is common, and almost
every tobacco-related oral cancer is preceded by a phase of leukoplakia.

Several constituents of tobacco, such as tobacco-specific N-nitro-
samines, polycyclic aromatic hydrocarbons, and polonium-210 (a radioac-
tive alpha emitter), are capable of inducing preneoplastic and neoplastic
changes in the oral cavity (IARC, 1985; Mattson and Winn, 1989). Al-
though much information is available about their chemistry, the critical link
between the tobacco-specific carcinogens and the cellular macromolecules
leading to the malignant phenotype is an enigma. Tobacco-specific nitro-
samines are known to form DNA adducts, resulting in mutations that could
profoundly affect cellular genes (Hecht et al., 1988).

The importance of proto-oncogenes in cellular growth and differentia-
tion is well documented (Bishop, 1987; Klein and Klein, 1985). One of the
mechanisms involved in the process of carcinogenesis is the activation of
proto-oncogenes (oncogenes), which has been observed in a number of
human and experimental cancers (Klein, 1988). Illegitimate activation of
proto-oncogenes may occur by various mechanisms, including gene amplifi-
cation, chromosomal translocation, point mutation, and retroviral inser-
tion, that in turn contribute to tumor development and progression in
several systems (Klein, 1988).

This review elucidates the various molecular lesions that involve
oncogenes in oral cancers. Such studies can be grouped into four categories:
(1) examination of genomic DNA of the primary tumor for oncogene

128



Chapter 3

amplification; (2) aberrant oncogene expression as seen by an increase in
mRNA transcript level or alteration in the transcript size or an increase in
the protein product; (3) allelic loss, rearrangement, and point mutation; and
(4) detection, isolation, and cloning of a functional oncogene in oral cancers
in a transfection assay. The methodology used in our studies is outlined in
Figure 1.

ONCOGENE We investigated the status of the commonly amplified oncogenes

AMPLIFICATION of the myc and ras families in 102 primary oral tumor tissues
(Saranath et al., 1989). All tumors were squamous cell carcinomas (SCCs)
involving various regions: buccal mucosa (46 patients), lower alveolus
(29 patients), tongue (23 patients), and floor of the mouth (4 patients). All
patients had chewed tobacco regularly for 10 to 15 yr. Although histologi-
cal grading varied from well to poorly differentiated, the majority of the
tumors were large and in an advanced stage (TNM III/IV). Lymph node
metastases were frequent, particularly in the T3 and T4 lesions. However,
none of the patients showed distant metastasis. Peripheral blood cells
(PBCs) from the patients were analyzed for oncogene involvement. PBCs
from healthy volunteers and human placental DNA were included in the
study as controls. Vimentin, a single copy gene, was used as an internal
control gene.

Southern hybridization analysis of the EcoRI-digested DNA samples
revealed a 3-fold to 10-fold amplification of c-myc, N-myc, K-ras, or N-ras in
49 of the 102 (48 percent) primary oral tumor tissues screened (Table 1).
H-ras and L-myc oncogenes were not amplified in any of the samples. The
controls—PBC DNA from the patients and healthy volunteers and normal
human placental DNA—showed the presence of a single copy of the
oncogenes.

Amplification of myc oncogenes was observed in 37 of the 102 patients.
N-myc and c-myc were amplified in 26 percent (27 of 102) and 21 percent
(21 of 102) of the patients, respectively (Table 1). An unusual finding was
the coamplification of c-myc and N-myc in 11 of 37 (30 percent) of the
patients. It has been hypothesized that the products of myc family
oncogenes, c-myc, N-myc, and L-myc, down-regulate each other (Alt et al.,
1986). As a consequence, it is predicted that tumor cells would have ampli-
fication or increased expression of only one of the myc oncogenes. Indeed,
this appears to be the rule. However, oral cancer seems to be unique in this
respect, with the two myc oncogenes coamplified in a number of patients.
However, it is not possible from these studies to know if the coamplification
represents the existence of two different clones that each contain a single
amplified myc. Alternatively, the two myc oncogenes could be amplified in
the same cell. Coexpression of c-myc and N-myc has been reported in the
early undifferentiated pre-p cells in mice (Zimmerman et al., 1986), imply-
ing coexpression during a particular developmental stage or in a particular
differentiation window of the cell. In our studies, amplification bore no
correlation with clinicopathological features such as degree of differentia-
tion, tumor size, TNM staging, nodal metastasis, or recurrence.
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Figure 1
Flow chart of methods used to study oncogene aberrations in oral cancers
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Opinion is divided on the status of c-myc amplification or its increased
expression in oral cancer. Although Berenson and colleagues (1989) found
no amplification, Yokota and coworkers (1986) reported a fivefold to eight-
fold amplification of the oncogene in SCCs of the head and neck. They also
found that, compared with the primary tumor, the metastatic tumor tissue
showed higher myc amplification. Field et al. (1986) observed an elevated
c-myc mRNA expression correlating well with the stage of the disease. In
another study, tumors with poor prognosis exhibited increased c-myc
oncoprotein (Field et al., 1989). Oncogenes from the myc family have been
involved in regulating cellular proliferation, and their amplification is
associated with certain aggressive tumors (Alitalo et al., 1985).

Our data also demonstrate amplification of K-ras or N-ras in 33 percent
(34 of 102) of the total samples analyzed. K-ras showed a threefold to
eightfold amplification in 18 percent of the samples, whereas N-ras was
amplified in 28 percent (Table 1). Amplification of ras oncogene did not
correlate with any clinical parameters, including nodal metastasis. H-ras
was not amplified. Other investigators also have observed no amplification
of H-ras in oral cancer (Sheng et al., 1990; Sommers et al., 1990).
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Table 1
Oncogene amplification in oral cancers?
Cellular DNA Samples
Range of Fragment Amplified
Oncogenes Amplification (kb) n (%)
c-myc 3-6 12.7 21 (21)
N-myc 3-10 3.8 27 (26)
L-myc 1 10.0, 6.6 0
K-ras 3-8 2.7 18 (18)
N-ras 3-9 7.2 28 (28)
H-ras 1 23-30 0
EGF-R 3-8 7.8,7.0,6.1, 19 (29)
5.6, 3.7, 2.5,
21,19, 1.6,
and 1.3

@ Total number of samples analyzed was 102 for myc and ras and 66 for EGF-R gene.

In our study, coamplification of multiple oncogenes was an important
feature, being observed in 24 of the 49 samples showing amplification
(Table 2). Two oncogenes were coamplified in 10 tumor tissues and 3 in an
additional 10 samples; S patients showed concurrent amplification of the
four oncogenes—c-myc, N-myc, K-ras, and N-ras. Multiple oncogene amplifi-
cation indicates the complex, multistage process of oral carcinogenesis, and
it implies alternate or simultaneous activation of the different oncogenes in
oral carcinogenesis.

There are very few studies on the status of other oncogenes in oral
cancer. In the studies of Sommers and colleagues (1990), amplification of
int-2 oncogene correlated well with frequency of recurrence. However, no
correlation was observed with clinical staging or histological grading of the
malignancy. Berenson and coworkers (1989) have reported a 2-fold to
10-fold amplification of the bcl-1 oncogene in poorly differentiated tumors,
but no correlation was seen with the TNM staging.

The epidermal growth factor-receptor (EGF-R) gene is considered to be
the proto-oncogene of the erb-B gene of avian erythroblastosis virus, which
is involved in transformation of chicken cells (Downward et al., 1984). Its
ligand EGF is a potent mitogen for a variety of cells. EGF-R is commonly
elevated in squamous cell carcinomas. In our study, in which all tumors
were SCCs, the EGF-R gene was amplified in 29 percent (19 of 66) of the
samples screened (Table 1). Preliminary results, from mRNA dot blot hy-
bridization, indicate that amplification is associated with increased expres-
sion of the gene. Amplification and overexpression of the EGF-R gene,
through interaction with the ligand, could be an additional step in oral
carcinogenesis.
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Table 22-2
Amplification of oncogenes c-myc, N-myc, N-ras, and K-ras

Number of Patients?

Total c-myc N-myc N-ras K-ras
Number of Patients 102
Patients Showing 49° 21 27 28 18
Oncogene Amplification
One Oncogene 24 9 5 7 3
Two Oncogenes 10
myc/myc 1
raslras 7  (c-myclK-ras 1; N-myci/K-ras 1; N-myc/K-ras 5)
raslras 2
Three Oncogenes 10
myc/myciras 5 (N-myclc-myclK-ras 1; N-myclc-mycIN-ras 4)
myclrasiras 5 (N-myc/IN-ras/K-ras 5)
Four Oncogenes 5

2 In many patients, more than one oncogene was amplified. The number derived by
addition of the individual figures is therefore higher than the total number of positive
samples.

EXPRESSION Expression of cellular oncogenes in oral cancers has been investi-
OF CELLULAR  gated through a variety of techniques, such as Northern hybridiza-
ONCOGENES tion/dot blot analysis for mRNA transcript in tumor tissue, in situ
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hybridization for detecting mRNA specific to oncogenes, and immunohisto-
chemical demonstration of oncoproteins using monoclonal antibodies.
Using dot blot hybridization, Spandidos and coworkers (1985) reported
multiple transcriptional activation of H-ras, K-ras, and c-myc in oral cancers
compared with normal tissue and premalignant pleomorphic salivary
adenomas. The authors also observed a significant increase in c-myc
oncogene expression in advanced stages III and IV compared with stages I
and II. Recently, the authors also demonstrated correlation of increased
c-myc expression with poor prognosis. No correlation was seen with the
patient age, sex, TNM staging, site of tumor, histopathological grading,
lymph node metastasis, or encapsular rupture of the tumor (Field et al.,
1989).

Using immunohistochemical techniques and oncoprotein-specific
monoclonals, Azuma and colleagues (1987) studied ras p21 protein in oral
cancers. Although 59 of 121 specimens reacted positively to Y13-259-ras
p21-specific Mab, 44 oral leukoplakias and 58 normal mucosa showed a
negative staining. Only 43 patients with oral cancer were followed up.
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In these persons, ras p21 expression correlated well with poor prognosis and
only weakly with regional lymph node metastasis. Furthermore, ras p21
expression was higher in the patients with a tobacco habit.

RFLP ANALYSIS Researchers have examined restriction fragment length poly-

OF L-myc AND morphism (RFLP) in a number of human cancers to establish a

H-ras ONCOGENES specific association of a particular allele with an increased

incidence of cancer, suggesting genetic predisposition to the

L-myc cancer, or as an indicator of clinical behavior, in particular,
metastatic potential or prognosis. In our studies, we used Southern hybrid-
ization analysis of 76 oral cancer primary tumor tissues and PBCs from the
corresponding patients, and PBCs from 101 healthy volunteers, to classify
the Indian population into three genotypes—L-L, S-L, S-S—according to the
polymorphic patterns defined by the two L-myc alleles (Saranath et al.,
1990). The pattern of the alleles in the PBC DNA of the patients was identi-
cal to the corresponding tumor DNA. The relative ratios of the three geno-
types in the oral cancer patients were not significantly different from those
seen in the healthy Indian population (x?=3.06, df=2, p > 0.25), implying no
predisposition to oral cancer by the presence of either allele. The L and S
alleles were equally distributed in the population, with the frequency of
each allele being 0.50, consistent with the Hardy-Weinberg law.

A striking correlation was observed between the RFLP pattern and the
stage of differentiation, as well as the size of the tumors (Saranath et al.,
1990). Thus, a preponderance of the S-fragment was observed in the moder-
ate to poorly differentiated tumors (x*>=4.97, df=1, p < 0.05) and the larger
sized (> 4 cm) tumors (X?>=5.65, df=1, p < 0.025). These observations suggest
that the S allele product may be arresting the cells in a particular differentia-
tion window, providing a further proliferative advantage to the cells, result-
ing in the larger sized tumors. There is also the possibility for involvement
of another gene in proximity to the S-allele, or for a partially different
S-fragment-coded L-myc protein, or a crucial role for the regulatory region of
the S-fragment protein in the tumors. Lung and kidney tumors associated
with S-fragment show aggressive behavior and higher tendency for metasta-
sis (Kakehi and Yoshida, 1989; Kawashima et al., 1987). However, this is not
the case with malignancies of other organs (Ikeda et al., 1988).

H-ras The H-ras locus includes a hypervariable region, designated as variable
tandem repetition region (VTR), consisting of a series of 28 base pair repeats
3'to the gene (Capon et al., 1983). The VTR has been implicated in the
regulation of the H-ras oncogene (Spandidos and Holmes, 1987). RFLP of
the human H-ras oncogene has been ascribed to changes in the size of the
VTR and can be defined by several restriction enzymes, including BamH],
Pvull, and Tagql (Capon et al., 1983; Pierotti et al., 1986).

In our studies, the status of H-ras locus was investigated in 62 patients
with oral cancers (Saranath et al., 1991a). Southern blot analysis on BamHI
digestion of the tumor tissue DNA revealed 23 patients with H-ras heterozy-
gosity. BamHI digestion identified restriction fragments ranging from 6.6 kb
to 8.6 kb. The allelic heterozygosity was better resolved by Pvull and Tagl
digestion. The former yielded an invariable fragment of 2.6 kb and variable
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fragments ranging from 2.7 kb to 5.3 kb. Tagql digestion of the samples and
hybridization with the VTR region probe (1 kb Mspl-digested, VTR-specific
H-ras probe) resolved four variable fragments of 2.4 kb, 3.0 kb, 3.6 kb, and
5.1 kb. In three samples, Tagql restriction analysis also demonstrated pres-
ence of a unique VTR rearrangement as indicated by 2.1 kb, 0.9 kb, and

0.6 kb fragments, substituting a 3.6 kb fragment, implying additional Tagl
sites. Such a variant VTR fragment could be generated by either mutational
events creating the Tagl sites or reiteration of the existing Tagl site present
18 bp from the 3’ end of the VTR region during its amplification/duplica-
tion. This rearrangement, which suggests altered function of the VTR, could
be one of the molecular lesions in tobacco-induced oral cancer.

Analysis of matched tumor tissue and PBC DNA from the same patient
demonstrated tumor-associated loss of one of the allelic fragments in 7 of
23 patients (30 percent) with H-ras heterozygosity. Similar observations
have been made by Howell and colleagues (1989) in oral SCCs. H-ras allelic
loss has been reported in a number of human cancers (Ali et al., 1987);
however, its implication in carcinogenesis is not yet clear. Tumor suppres-
sor genes or anti-oncogenes have been implicated in the pathogenesis of
some human tumors (Klein, 1988). Ali and coworkers (1987) identified a
putative suppressor gene on chromosome 11, in the vicinity of the H-ras
locus, localized between the B-globin and parathyroid hormone loci. The
loss of H-ras allele observed in our patients also may encompass functional
loss of the potent tumor suppressor gene on chromosome 11, further influ-
encing the process of oral carcinogenesis in the patients. Alternatively, the
loss could involve the normal H-ras gene, giving a selective functional
advantage to the mutated H-ras allele involved in cell transformation and a
consequent influence in oral carcinogenesis. In this respect, it is significant
that 6 of 7 patients showing H-ras mutation at codon 12.2 also exhibited
associated loss of the wild type gene. Such a loss may not be evident in
RFLP studies or if the alleles are in a homozygous state.

H-ras POINT Point mutations of ras oncogenes are observed in a variety of human
MUTATIONS cancers (Bos, 1989). We employed the polymerase chain reaction
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(PCR) technique for in vitro amplification of specific sequences followed by
allele-specific oligonucleotide hybridization to examine ras activation by
point mutations in 57 primary oral tumors (Saranath et al., 1991b). The
mutational activation was studied in all three ras family members (K-ras,
N-ras, and H-ras) at codons 12, 13, and 61, the codons affected in human
cancers (Bos, 1989). Suitable primers were used to amplify sequences of
111 bp and 178 bp for the regions flanking codons 12, 13, and 61, respec-
tively. The amplified sequences were initially screened with sets of mixed
probes, each set covering one nucleotide position of a particular codon.
Probes used to identify mutations in H-ras have been described elsewhere
(Saranath et al., 1991b). On indication of a mutation in the sample DNA, a
duplicate PCR of the genomic DNA was performed, and the two indepen-
dently amplified DNAs were screened simultaneously with a set of single
oligonucleotide probes specific for the nucleotide position. The presence of
wild type codons was screened for in every set.
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Mutations were detected in 20 to 57 (35 percent) of the samples and
were restricted exclusively to the H-ras oncogene at codons 12, 13, and
61 (Table 3). None of the samples showed mutations in the K-ras or
N-ras oncogenes. The mutations demonstrated an equal number (11 each)
of nucleotide transitions and transversions. The mutations were seen
primarily in codons 61.2 and 12.2. Nine samples showed A —> G transition
in codon 61.2 resulting in glutamine to arginine substitution. G —> T
transversion was observed in seven samples at codon 12.2 with glycine to
valine substitution. Two patients concurrently carried mutations at codons
61.2 and 12.2. Six samples with a point mutation at codon 12.2 and two
samples at codon 61.2 also demonstrated loss of the corresponding wild
type codons, as judged by the absence of signals on allele-specific oligo-
nucleotide hybridization. In addition, three novel mutations, not yet
reported in human malignancies, were seen. These include the G —> A
(glycine to serine) substitution at codon 12.2, G —> A (glycine to aspartate)
at codon 13.2, and G —> T (glutamine to histidine) (three cases) at codon
61.3.

In contrast to the very high frequency (35 percent) of H-ras mutations
we observed, Sheng and coworkers (1990) detected mutations in only
3.7 percent (2 of 54) of their samples. Although mutations in H-ras occurred
in the studies by Sheng and colleagues, the mutations were restricted to
codon 12. Similarly, Johnson and coworkers (personal communication,
1991) and Rumsby and colleagues (1990) very rarely encountered mutations
in oral SCCs from patients in the United Kingdom. Thus, it is clear that
mutational frequencies in oral cancers in the West are infrequent, and
perhaps only codon 12 is affected. The differences in oral cancers in India
and the West may be attributed to differing tobacco habits. Whereas
tobacco chewing appears to be the prime factor in the development of oral
cancer in India, alcohol consumption contributes substantially in the West,
where smoking also is a confounding factor in the pathogenesis of oral
cancer. The mode of tobacco usage, strain or species of tobacco used, and
curing process (which differs between East and West) also may contribute to
these differences.

There appears to be, to a certain extent, organ specificity in activation
of ras family oncogenes (Bos, 1989). Thus, N-ras point mutations are seen
primarily in hematological malignancy, whereas in cancers of the lung,
colon, and pancreas, K-ras frequently is affected. H-ras mutations are
observed in bladder cancers (Bos, 1989) and experimentally induced skin
tumors (Quintanilla et al., 1986). No explanation is readily available for this
phenomenon, but it could be attributable to relative expression of different
ras oncogenes in various organs (Leon et al., 1987). In lung cancer, another
important tobacco-related cancer, mutation is observed primarily in codon
12 of K-ras (Slebos et al., 1990). However, in tobacco-related oral cancer,
both codons 12 and 61 of H-ras are affected. In experimentally induced
animal tumors, carcinogens show positional preference for ras mutations.
Nitrosamines and DMBA preferentially affect codons 12 and 61, respectively
(Quintanilla et al., 1986; Zarbl et al., 1985).
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Table 3
H-ras mutations

Number of

Patients Number of Patients With
Codon With wild Amino Amplification of Oncogenes?
Position of  Number of Type Signal Nucleotide Acid
Nucleotide  Patients Missing Change Change L-myc N-myc K-ras N-ras
12.1 1 0 GGC—>AGC Gly—>Ser 1 N N N
12.2° 7 6 GGC—>GTC Gly—>Val N N N 1
13.2 1 0 GGC—>GAC Gly—>Asp N N N N
61.2° 9 2 CAG—>CGG GIn—>Arg 3 2 N 2
61.2 1 0 CAG—>CTG GIn—>Leu N N N N
61.3 3 0 CAG—>CAT GIn—>His N 2 2 2
aN =nil.

b Two patients showed mutations at both codon 12.2 and 61.2.

As mentioned earlier, tobacco contains several potent mutagens and
carcinogens such as N'-nitrosonornicotine (NNN) and 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanone (NNK). Nitrosamines are known to produce
metabolites capable of binding DNA, resulting in products such as
OS-methylguanine, which can lead to miscoding during DNA replication
(Topal, 1988). In India, tobacco is chewed generally as betel quid, which
contains areca nut, slaked lime, catechu, and flavoring agents in addition to
tobacco. Whereas mutation of codon 12 could be attributable to tobacco-
specific nitrosamines, other chemical constituents may be responsible for
mutation at codon 61. This aspect needs further elucidation.

IDENTIFICATION NIH3T3 mouse fibroblast transfection combined with the nude

OF A FUNCTIONAL mice tumorigenicity assay is widely used to identify activated

ONCOGENE oncogenes (Shih and Weinberg, 1982). Using this system,
Friedman and colleagues (1983) reported the presence of transforming genes
in DNA from head and neck SCCs. However, the oncogene has yet to be
characterized. Recently, Howell and coworkers (1990) identified the K-ras
oncogene in head and neck SCCs from primary and secondary NIH-trans-
formed cells. The oncogene was isolated from only 1 of the 11 tumors
studied by the investigators.

The NIH3T3 transfection assay shows a bias toward detection of ras
oncogenes. However, with the use of selectable markers such as SV2 _  gene,
in cotransfection followed by tumorigenicity assays, several novel genes,
besides the ras family oncogenes, also have been detected in human cancers

(Fasano et al., 1984).

We recently carried out the NIH3T3 cotransfection assay, using oral
tumor tissue DNA and SV2 = selectable marker gene, followed by nude
mouse tumorigenicity assay. Calf thymus DNA and H-ras pEJ6.6 clone were
used as negative and positive controls, respectively. The H-ras oncogene-
transfected cells induced tumors in the nude mice within 3 to 5 weeks.
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These tumors and the cell lines established from them showed the presence
of H-ras DNA in Southern hybridization analysis as well as a 1.2 kb H-ras
RNA transcript in Northern hybridization analysis, validating the absence of
technology errors in our studies.

Transfection assay was carried out with oral tumor DNA from three
patients. The samples from the three patients induced transformation of
NIH-3T3 cells, forming colonies in soft agar. The transfected cells induced
tumors in nude mice within 5 to 10 wk. Further, DNA isolated from the
nude mice tumors hybridized with human Alu Blur-2 probe in Southern
analysis and cell lines established from the tumors retained the human Alu
sequences. However, DNA isolated from oral tumor DNA transfected nude
mice tumors, as well as their established tumor cell lines, revealed no hy-
bridization with any of the ras or myc oncogenes. This was surprising
because N-ras was amplified in two of the original primary tumors and one
of them also showed H-ras point mutation at codon 12.2; the third tumor
did not show any aberration of ras or myc oncogenes. As mentioned earlier,
positive results were obtained in three of three oral tumor samples. Gener-
ally, a maximum of 30 percent transformation rate has been observed in
NIH3T3 transfection/nude mouse tumorigenicity assays, using DNA from
solid tumors (Krontiris and Cooper, 1981). Very high transfection and nude
mice tumorigenicity frequency, in our studies, indicate the possibility of a
highly potent, tobacco-induced activated oncogene, different from the myc
or ras oncogenes. The situation may be similar to the presence of N-myc
oncogene in neuroblastomas or L-myc in small cell lung carcinomas. We are
currently in the process of cloning this gene from the nude mouse tumors to
isolate, sequence, and identify the gene.

CONCLUSIONS The observation that more than 90 percent of the oral cancers caused

AND FUTURE by smokeless tobacco (chewing) show some sort of oncogene aberra-

PROSPECTS tion (Table 4) indicates that tobacco-induced oncogene changes are
closely linked to the pathogenesis of these cancers. The occurrence of
multiple oncogene aberrations suggests that the process of malignant
transformation results, probably, as a consequence of diverse molecule
alterations. In our studies, the functional lesions in oncogenes could be
grouped into (1) overproduction of oncogene effector molecules through
amplification or overexpression of the genes, (2) production of abnormal
oncogene products through point mutations, and (3) deletion of normal
oncogene allele or putative tumor suppressor, as evidenced by allelic loss.
These perturbations may act independently or in concert, resulting in
deregulation of cellular growth.

A distinct difference emerges in the mode of activation of oncogenes in
oral cancers in the Indian population and Western countries. Low levels of
amplification of myc and ras oncogenes and low incidence of point muta-
tions are observed in the West. Comparative studies of molecular biology of
oral cancers vis-a-vis the varied tobacco habits and the associated confound-
ing factors, such as alcohol in the West and different constituents of betel
quid in India, may throw light on the pathogenic mechanisms responsible
for these differences. Studies in suitable laboratory models using individual
agents may be equally fruitful.
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Table 4
Oncogenes in oral cancers

Summary Analysis Percentage Comments

Amplification 48.0%
c-myc, N-myc, K-ras, N-ras
(n=102)

Point Mutations 23.0 Excluding 12% samples
H-ras showing, in addition,
(n=57) amplification/allelic loss/

gene rearrangement

H-ras Allelic Loss 145 Excluding 21.5% samples
or VTR Rearrangement showing other oncogene
(n=62; heterozygous=23) aberrations

EGF-R Amplification 9.0 Excluding 20% samples
(n=66) showing other oncogene

aberrations

Samples Showing at Least One 94.5

Oncogene Aberration

Transfection assays, in our studies, indicate involvement of a highly
potent activated oncogene, outside the ras and myc families, in tobacco-
induced oral carcinogenesis. The oncogene must be fully characterized. A
high incidence of point mutations is observed in Indian patients at codons
12 and 61 of the H-ras oncogene. Some of the tobacco-specific carcinogens,
such as nitrosamines, which form DNA adducts, are known to have posi-
tional preference for inducing point mutation in ras oncogenes. The precise
role of point mutation, which is an early event in certain human malignan-
cies, in the pathogenesis of oral cancer needs further elucidation.

Some tobacco chewers develop oral cancer at a relatively young age, a
situation reminiscent of smoking and lung cancer. There is evidence that an
autosomal gene, showing Mendelian codominant inheritance, is responsible
for early-onset lung cancers (Bonney, 1990; Sellers et al., 1990). Interaction
of the gene, which has yet to be characterized, with smoking accounts for
69 percent and 47 percent of lung cancers occurring at ages S0 and 60,
respectively. Although this in no way negates the crucial role of smoking
and should not be a deterrent to antitobacco efforts, similar studies should
be conducted with tobacco chewers.

Our study comprised primarily large and advanced tumors. To get an
idea of the absolute and relative importance of these perturbations, it is
essential to investigate the status of oncogenes in a longitudinal study
encompassing different stages of tobacco carcinogenesis, including leuko-
plakia. Such a study is also required to define the molecular counterpart of
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precancerous lesions to identify leukoplakias that run a high risk of malig-
nant transformation. In this respect, a retrospective study, using PCR
techniques to examine paraffin blocks of leukoplakias and oral cancers in
different stages of evolution, would be fruitful. Such studies are currently in

progress in our laboratory.
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