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Epstein—Barr virus (EBV) and human papillomavirus (HPV) have been ussociated with benign as well as malignant oral
lesions. We examined 43 patients with snuff-induced lesions and 22 control patients with clinically healthy oral mucosa
for the presence of HPV and EBV. Polymerase chain reaction was performed on fresh frozen oral biopsies with degenerate
consensus primers for HPV and nested primers for EBV. None of the 43 spuff-induced lesions or the 22 control biopsies
were HPV-positive. Seven of the 43 (16.3%) snuff-induced lesions and one of the 22 (4.5%) controls were positive for EBV.
The snuff-induced lesions were classified according to clinical severity., grade 1 lesions being the least severe and grade 4
the most severe. Eleven percent of grade 2 fesions. {35.8% of grade 3 lesions and 20% of grade 4 lesions were EBV-positive.
Neither EBV nor HPV seem to be associated with snuff-induccd lesions. Key words: oral snuff. polymerase chain reaction.

INTRODUCTION

The association between human papillomavirus
(HPV) and the development of benign and malignant
genital tumours is well established. A large number of
studies have also examined the relationship between
HPYV and cancer in the head and neck region (1, 2).
The associations between smokeless tobacco ker-
atoses and reactive, putative premalignant lesions and
HPV have also been studied (1, 2).

The Epstein—Barr virus (EBV) is widespread in the
normal population and 70-90% of adults have
demonstrable EBV antibodies. EBV is strongly asso-
ciated with oral hairy leukoplakia which is a non-pre-
cancerous lesion of the tongue often scen in
HIV-infected patients (3). EBV is also associated with
infectious mononucteosis, Burkitt’s lymphoma and
nasopharyngeal carcinoma and polymerase chain re-
action (PCR) has been used successfully to detect
EBYV in the saliva of patients with these diseases (4).
In contrast to Burkitt's lymphoma, EBV DNA is
detected in epithelial cells of nasopharyngeal car-
cinoma (1). The association between EBV and malig-
nant and pre-malignant lesions of the oral cavity has
also been studied in a few investigations (5, 6). Sug-
gestions have been made that HPV and EBV are
cofactors, as are tobacco and alcohol consumption,
in the development of oral squamous cell carcinoma
in the immunocompromised patient (7).

The aim of the present study was to examine the
possible relationship between presence of HPV and
EBV and Swedish smokeless tobacco exposure in
snuff-induced oral lesions using a PCR-based
method.
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MATERIALS AND METHODS

Patients

Biopsies were obtained from macroscopic snuff le-
sions in 43 patients [4l men and 2 women. mean age
43.4 + 10.6 ( + SD) years] who volunteered for a to-
bacco cessation programme and from healthy oral
mucosa in 22 control patients [2]1 men and 1 women,
mean age 41.6 + 7.4 ( + SD) years] at the Department
of Oral & Maxillofacial Surgery. Goteborg Univer-
sity, Sweden. The biopsies were taken from the
vestibular frontal region in the maxilla. Control pa-
tients had no ongoing smokeless tobacco habits. In-
formed consent was obtained from all patients. The
patients had no ongoing or previous history of EBV-
or HPV-associated disease. The study was approved
by the Ethics Committee of Goteborg University.

Clinical methods
The clinical appearance of the snuff-induced lesions
was graded according to the criteria given by Axell et

al. (8):

Grade 1 “A superficial lesion with a colour similar
to the surrounding mucosa with slight wrinkling
and no obvious thickening”

Grade 2 “A superficial whitish or yellowish lesion
with wrinkling and no obvious thickening”

Grade 3 A whitish—yellowish to brown wrinkled
lesion with intervening furrows of normal mucosal
colour and obvious thickening”

Grade 4 “A marked whitish-yellow to brown and
heavily wrinkled lesion with intervening deep and
reddened furrows and/or heavy thickening™
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The snuff habits of the patients were elicited as
follows:

1. Number of yeuars with snuff habit (a)

2. Daily exposure to snuff in hours (b)

3. Duily consumption of snuff in grammes (c)
4. Total exposure (TE)=a xbxc¢

Tissue processing and morphological examination

Biopsies were obtained under local anaesthesia (20
mg;ml lidocaine + 12.5 pg adrenaline; Astra, Soder-
tilie, Sweden). The specimens were immediately
placed in 99% alcohol, kept at room temperature for
24 h and then stored at — 20°C until analysed. The
biopsies were sectioned (5 pum) and the epithelium
identified.

DNA extraction from fresh biopsies

Fresh frozen biopsies were weighed and homogenized
in a brass mortar (cooled to ~ 70°C in liquid nitro-
gen) and disolved in 450 ul stenle TE buffer (50 mM
EDTA: 10 mM autoclaved Tris—-HCl pH 7.5) to
which 50 ul 10 mg/ml proteinase K was added. The
sample was incubated in a water bath at 37°C
overnight. The samples then underwent phenol-chlo-
roform DNA extraction according to standard proce-
dures. During the DNA extraction process, negative
controls were included to exclude contamination dur-
ing the process.

PCR HPV

The PCR reaction was carricd out according to stan-
dard procedure described previously (9). As a positive
control in every PCR assay, SiHa cell lines (ATCC
No. HTB 35) and HeLa cell lines (ATCC No. CCL
2) were used. As a negative control in cvery PCR
assay, a reaction mixture with water was used. Every
assay was also controiled with a parallel reaction of
B-actin (9).

PCR EBV

The primers used in the nested PCR assay and the
PCR conditions have been described elsewhere (10).
DNA from the EBV-positive Raji cell line (ATCC
No. CCL 86) was used as a positive control sample in
the PCR assay. As a negative control, a reaction
mixture with water was used. Every EBV reaction
was controlled with a parallel reaction of §-actin (9).

Gel electrophoresis

The PCR products were analysed by gel electrophore-
sis in a 3% agarose gel. The amplified product was
visualized by staining the gel with ethidium bromide
(1 pg/ml in Tris borate buffer) and inspected under
ultraviolet illumination.

Southern blot hybridization

Southern blotting was used to confirm the negative
HPV results with the consensus primers. The prod-
ucts of PCR with consensus primers were hybridized
to consensus probes GP1;G2. The procedure was
performed according to the standard method de-
scribed earlier (9).

Statistics

Differences in EBV prevalence between snuff users
and controls were analysed with Fisher's exact test.
For comparison of EBV prevalence between the dif-
ferent groups of snuff users, the Mann—Whitney
U-test was used. ANOVA was used to compare
continuous snuff habit data between the different
groups of snuff users. A value of p < 0.05 was consid-
cred as statistically significant. »

RESULTS

Clinical evaluations

The severity of the snuff-induced lesions in relation to
age and snuff habits is shown in Table I. The average
duration of the snuff dipping habit was 21.5+ 8.4
{ - SD) years and the average daily snuff consump-
tion was 4.9 +2.6 ( + SD) grammies. There was no
significant difference with regard to duration of snuff-
dipping habit, daily snuff consumption or daily snuff
exposure in hours between the clinical groups. How-
ever, when the TE was compared between the clinical
groups, a statistically significant difference was seen
between patients with grade 4 and grade 2 lesions and
between patients with grade 3 and grade 4 lesions
(p = 0.0359).

HPYV status

In all 65 specimens a visible PCR product was seen at
the expected size of B-actin in the agarose gel and
considered positive for B-actin. The 43 snuff-induced
lesions and the 22 controls had no visible PCR
product on the agarose gel at the expected size of the
HPV consensus primer product. They were also nega-
tive with the Southern blot hybridization analysis and
therefore considered negative for HPV.

EBYV status

EBV positivity was seen in 7 of the 43 (16.3%)
snuff-induced lesions and in 1 of the 22 (4.5%) con-
trol specimens, One of 9 (11%) grade 2 lesions, 3 of
19 (15.8%) grade 3 lesions and 3 of 15 (20%) gradc 4
lesions were EBV-positive (Table 11). Neither the
difference in EBV positivity between snuff-induced
lesions and control biopsies (p = 0.2484) or that be-
tween patients with different grades of lesions (p =
0.1369) was statistically significant. EBV status in
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Table L. Degree of clinical severity in relation to age and smuff habits of the patients

Duration of habit

Daily consumption  Total exposure

Clinical No. Age in years Daily exposure

grade (mean £ SD)  in years in hours in grammes (mean + SD)
(mean + S1J} (mean + SD) (mean + SD)

2 9 434 +46 202+70 146+ 1.0 38+20 1065 + 608

3 19 44.1 + 8.6 209 £ 8.2 15.2+24 45+2.1 1370 + 893

4 15 42.7+ 10.9 23.1+97 154422 6.2+3.1 2419 + 2015

Total 43 43.4 + 10.6 21.5+84 151+2.1 49426 1672 1 1444

Controls 22 41.6 +7.4 - - - -

Table I1. Prevalence of EBV and HPV in snuff-in-
auced lesion

Snuff lesion n HPV (@®) EBV(n) EBV (%)
grade .

2 9 0 1 11.]

3 19 0 3 15.8

4 15 0 3 20.0
Controls 20 1 4.5

relation to age and snuff habits is shown in Table [1I.
There was no statistically significant difference be-
tween the EBV-positive and EBV-negative patients
with regard to snuff habits or TE.

DISCUSSION

The histological appearance of snuff-induced lesions
closely resembles that of oral leukoplakias, which are
considered to be premalignant lesions. While the
aetiology of oral leukoplakias in most cases is un-
known, snuff-induced lesions have a known aetiology
which makes it easy to measure the smokeless to-
bacco exposure and then to make comparisons with
other variable, i.e. viral presence. However, clinical
investigations have failed to show any carcinogenic
effect of oral snuff in a Swedish population (11). No
HPYV positivity was found in snuff-induced lesions in
this investigation, which was surprising because pre-
vious analyses of other oral lesions have detected
HPV in lichenoid lesions (27.3%), leukoplakias

Table 111. EBV status in relation to age and snuff habits

(29.6%) and oral cancers (12.5%) (12). The evidence
for an interaction between HPV and smokeless to-
bacco in these snuff-induced lesions therefore seems
to be weak.

Previous Scandinavian studies on snuft-induced le-
sions were also negative with regard to HPV (13, 14)
and the same was reported by Shrover and Greer (15)
who found no HPV-positive smokeless tobacco ker-
atoses in 10 investigated lesions. Shroyer and Greer
compared PCR with in siru hybridization and found
PCR to be the more effective and reliable method. In
our study, we used the more sensitive PCR-based
method, while [brahim et al. (13) and Praetorius et al.
(14) used in situ hybridization. The absence of HPV
in the control group in our study corresponds well to
the finding of Eike et al. (16), who also found 0%
HPV positivity in normal oral mucosa.

Practorius et al. {14), studied the presence of EBY
in 24 snuff-induced lesions in a Danish population
with the less sensitive in situ hybridization technique,
and reported no EBV-positive specimens. Horiuchi et
al. (6) found EBV in 5.3% of the oral leukoplakias
and increasing EBV positivity in the more dysplastic
lesions. They gave three possible explanations: (1)
EBYV infection may be involved in the carcinogenesis
of oral squamous cell epithelium; (2) EBV easily
infects squamous cell carcinoma cells; and (3) EBV
exists in cancer cells as a passenger with no biological
role. Cruz et al. (5) found 77.8% EBV positivity in
premalignant lesions and increased EBV positivity in
oral squamous cell carcinomas when compared with
clinically normal oral mucosa. The fact that they did

Total exposure

EBV status No. Agein vears Duration of habit  Daily exposure  Daily consumption
(mean +SD) in years in hours in grammes {mean + SD)
(mean + SD) (mean 4 SD) (mean + SD)
Positive 7 410493 247493 15.1+1.7 5.1+21 2126 + 1468
Negative 36 439+ 10.8 21.0+8.2 15.1 422 49+27 1584 + 1443
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not find any EBV in a cell line derived from an
EBV-positive tumour suggested to them that EBV is
not present in the tumour cells or that EBV presence
is not important for in vitro propagation of tumour
cells. In our study, EBV most probably exists as a
passenger, as no clinical evidence of malignant trans-
formation was documented in the snuff-induced le-
sions. No statistically significant difference was found
between snuff lesions and clinically normal mucosa,
thus supporting this assumption.

Subjects with snuff-induced lesions have been
shown to have a deficiency in their local immune
defence. The number of Langerhans cells is decreased
in comparison with healthy oral mucosa and small
salivary glands are found to be irreversibly destroyed
by the snuff habit (17, 18). Also, oral exposure to
snuff significantly depresses peripheral blood natural
killer cell activity in the rate (19). In congruence, this
might result in increased shedding of EBV from
natural reservoirs. However, the results of our study
do not support this theory as no difference was seen
between subjects with snuff lesions and controls with
regard to EBV positivity. Even though 16% of the
snuff lesions were EBV-positive, the decreased local
immune defence does not seem to affect EBV preva-
lence. The patients had no known history of EBV-as-
sociated diseases even thought 70--90% of adults in
the general population have demonstrable antibodies
against EBV. A majority of snuff vsers inserted the
snuff using their bare fingers, possibly leading to the
transfer of viral infectants, and this therefore could
contribute to the differences found in virus preva-
lences. However, this does not seem to be the case in
this study.

The EBV prevalence in clinically healthy oral mu-
cosa found in this study is also low compared with
that found in other studies (5, 20). Mao and Smith
(20) discuss the possibility that EBV DNA was
present in saliva that contaminated the smears. The
PCR technique does not allow localization of the
virus within the tissue and the possibility that EBV
might be disseminated in the saliva or be present in
infiltrating lymphocytes cannot be excluded, even
though maximum effort was made to separate epithe-
lium from connective tissue. However, Horiuchi et al.
(6) used DNA in situ hybridization procedure to
confirm that EBV genomes were localized in the
nucleus of cancer cells in =~ 60% of squamous cell
carcinomas and 25% of cancer in situ cases showing
positive PCR results.

In this investigation, we have confirmed a lack of
correlation between mucosal lesions of the oral cavity
in snuff users and the detection of EBV DNA and
HPV DNA by PCR of samples from these lesions.
Both HPV and EBV have been suggested to be

involved in oral cancer development. The use of snuff
does not seem to enhance infections with either EBV
or HPV.
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