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Intestinal-type adenocarcinoma (ITAC) of the nasal cavity
and paranasal sinuses is an uncommon tumor associated with
occupational exposure to dusts of different origin. Few inves-
tigations addressed molecular alterations in ITAC mainly
focused on TP53, K-ras and H-ras gene mutations. The occur-
rence of TP53, pl14°RF and p16'™**® deregulation and H-ras
mutations was investigated in 21 consecutive and untreated
ITACs cases, |17 with known professional exposure. No H-ras
mutations were found. In patients with known exposure,
cumulative evidence of TP53 or p14°RF alterations accounted
for 88% and the evidence of pl16'N**? alterations for 65%,
respectively. TP53 mutations were present in 44% of the
ITAGCs, consisted of G:C—A:T transitions in 86%, and in-
volved the CpG dinucleotides in 50% of the cases. LOH at the
locus 17p13 and an uncommon high rate of p53 stabilization
were detected in 58% and 59% of the cases, respectively.
p14°%Fand p 16"V 4 promoter methylation accounted for 80%
and 67% respectively, and LOH at the locus 9p21 occurred in
45% of the cases. Interestingly, all dust-exposed tumors with
p16'NK4e alterations shared TP53 or pI14°RF deregulation. The
present results show a close association of this occupational
tumor with TP53, pl4*RF and pl16'"V*** gene deregulation.
Given the important role that these genes play in cell growth
control and apoptosis, the knowledge of ITAC genetic profile
may be helpful in selecting more tailored treatments.
© 2003 Wiley-Liss, Inc.
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Intestinal-type adenocarcinoma (ITAC) of the nasal cavity and
paranasal sinuses is an uncommon, professional-related tumor
characterized by high local aggressiveness and ominous outcome.!
ITAC encompasses a neoplasm group showing a range of micro-
scopic features spanning from tumors indistinguishable from typ-
ical colonic adenocarcinoma to colloid or signet-ring cell carci-
noma of the colon.? Surgery is, and still remains, the treatment of
choice for this tumor although it has been complemented recently
by primary chemotherapy.?

ITAC clearly predominates among males and exhibits an ex-
treme gender distribution likely to be related to an occupational
exposure. Several epidemiologic studies pointed out the associa-
tion of ITAC with professional exposure primarily to wood or
leather dust.#~# Dusts of different origin are other potential risk
factors for sinonasal adenocarcinomas, including textile,” !0 cereal
or cement dust.!!

The close relationship between professional exposure and ITAC
strongly suggests that dusts and chemical elements may be impli-
cated as etiological agents in the tumorigenesis of this tumor.
Investigations into the genotoxic action of several substances
present in the wood or used by wood- and leather-workers showed
the combined genotoxic effects of dusts and chemicals.”-# A vari-
ety of chemical carcinogens cause mutations in human tumors by
forming covalent adducts that increase the probability of errors

during DNA replication.'? Some carcinogenic agents may target
oncogenes and tumor suppressor genes producing specific types
and locations of DNA alterations. These carcinogen-induced mu-
tational spectra are influenced by the specific DNA sequence.!3
Previous studies showed that methylated CpG dinucleotides may
represent preferential targets for mutagens.'#15 A strong and se-
lective formation of both adducts and mutations involving CpG
islands of the TP53 gene is frequent in human tumors'®!7 and an
association between DNA methylation and exposure to carcino-
gens, as tobacco!® and vinyl chloride!® has been reported recently.

In addition, loss of heterozygosity (LOH) at chromosomal loci
encoding the TP53, pI14**" and p16™*** genes represents a fur-
ther molecular event related to carcinogenic exposure, as found in
tobacco smoke-associated larynx cancer.?® Moreover, TP53 muta-
tions and pl6™*** deletion or hypermethylation correlate with
early genetic changes in malignancy development of the Barrett’s
esophagus?!-22 and frequently occur as late events in colorectal
adenocarcinoma.?3-25

Few investigators addressed molecular alterations in ITACs. In
the assumption that morphologic resemblance with colorectal can-
cer might reflect equivalent genetic alterations, Wu et al.?® carried
out TP53 gene analysis in 12 ITAC with unknown professional
exposure showing p53 immunoreactivity and 7P53 mutations in
58% and 18% of the cases, respectively. Mutational analysis
restricted to ras oncogenes was also carried out and evidence of
K-ras?” and H-ras?® activation was found in 1 of 12 (8%) and in
5 of 31 (16%) ITACs, respectively.

We investigated the occurrence of TP53, pl and pl
deregulation and H-ras mutations in 21 consecutive untreated
ITAC cases, 17 of which with known professional exposure. No
H-ras mutations were found. By contrast, in patients with known
exposure, the results suggest a close relationship between dust
exposure and 7P53 and INK4a-ARF alterations, represented by the
high percentage of TP53 mutations (44%). In all but 1 case the
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mutations were of transition type (86%) and involved CpG
dinucleotides in 50% of the cases. pI4**" and p16™%** promoter
methylation accounted for 80% and 67% of the cases, respectively.

MATERIAL AND METHODS
Patients and samples

Twenty-eight patients suffering from an intestinal-type adeno-
carcinoma (ITAC) of the nasal cavity and paranasal sinuses un-
treated previously, operated on at the National Cancer Institute of
Milan from 1988-98, were retrieved from the institutional data-
base. Seven patients were excluded since the relative samples were
unsuitable for molecular analysis being Boulin-fixed. Twenty-one
patients were entered into the study. All but 1 patient (Case 8) was
male and presented a disease onset mean age of 61 years (range:
43-79 years) (Table I). Clinical stages included T1, T2, T3 and T4
in 4, 1, 6 and 10 cases, respectively (Table I). Ten patients
experienced a professional exposure to wood dust; 4 to leather
dust; 1 to marble dust; 1 to carbon monoxide (CO) and particulates
and 1 to asbestos (Table III). Three patients showed a non-specific
exposure (Cases 8, 17, 21) being a housewife, a nurse and a trader,
respectively. For Case 14 no exposure was identified (Table III).

According to the updated AFIP classification,>® the tumors
analyzed encompassed 13 moderately differentiated papillary-tu-
bular cylinder cell (PTCC, II), 4 alveolar-goblet cell (AGE), 3
mixed PTCC II+AGE, and 1 signet-ring cell (SRC) carcinomas
(Table I).

Microdissection and DNA extraction

Methylene-blue stained sections from formalin-fixed, paraffin-
embedded tissues were subjected to a careful microdissection
under the microscope to obtain malignant and normal tissues with
minimal reciprocal contamination. In 17 cases normal tissue was
used as a source of DNA control for microsatellite analysis.
Genomic DNA extraction was carried out as described previously.3¢

H-ras sequencing

PCR reaction was carried out with 200 ng of genomic DNA in
100 wl of a mixture containing 50 wM of each dNTP, 0.2 uM of
each primer, 0.75 mM MgCl,, 1X PCR buffer (Bio Nova, Cam-
bridge, UK) and 1.5 U of Klentaql polymerase (Bio Nova). Primer
sequence for H-ras exons 1 and 2 PCR analysis have been de-
scribed previously.?® PCR conditions: denaturation temperature of
97.5°C (30 sec), annealing of 58°C and 56°C (35 sec) for exon 1

TABLE I- CLINICAL DATA

Case Age/gender! Histotype” UICC stage
1 58/m PTCC I T4
2 56/m PTCC II Tl
3 75/m PTCC I T1
4 67/m PTCC I T4
5 63/m AGE T4
6 67/m PTCC I T3
7 53/m PTCC II T3
8 46/t AGE T3
9 62/m PTCC II + AGE T4

10 50/m PTCC I T4
11 55/m AGE T3
12 51/m PTCC I T4
13 43/m PTCC I T2
14 78/m PTCC II + AGE T4
15 79/m AGE T3
16 63/m PTCC II Tl
17 49/m PTCC I T1
18 63/m PTCC I T4
19 64/m SRC T4
20 58/m PTCC II + AGE T4
21 77/m PTCC II T3

'm, male; f, female. ~>PTCC, papillary-tubular cylinder cell; AGE,
alveolar-globet cell; SRC, signet-ring cell.
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and 2 respectively and elongation of 72°C (55 sec). PCR amplified
exons were subjected to automated DNA sequencing (ABIprism
377, Applied Biosystems, Foster City, CA). Each sequencing
reaction was carried out at least twice from separate reactions.
Results obtained were confirmed on both sense and antisense
strands.

Immunocytochemistry

The antibodies applied for immunophenotyping study of p53
and mdm?2 proteins were a monoclonal antibody (MAb) to p53
diluted 1:1,000 (DO7; Novocastra, Newcastle upon Tyne, UK) and
a MAb to mdm?2 diluted 1:1000 (IF2; Oncogene Science, Cam-
bridge, MA). Immunocytochemistry was carried out by the per-
oxidase—streptavidin method and antigen retrieval was applied as
described previously.3©

Microsatellite analysis

We studied the incidence of LOH or MSI into and near to the
TP53 gene in ITAC by using of 2 markers: p53, a (CA), repeat
located at chromosome 17p133° and p53-11, a (AAAAT), repeat
that mapped into intron 1 of 7P53 gene.3! We selected 3 micro-
satellite markers mapped at chromosome 9p21: 1 mononucleotide
repeat located into intron 1 of p/6™%%* gene (hMp16a--11)32 and 2
dinucleotide repeat markers: D9S942 and IFNA of which sequence
was obtained from the Genome Data Base. Two hundred nano-
grams of genomic DNA were used as template in each PCR
reaction in a final volume of 25 pl with the same conditions
described in H-ras sequencing. For markers D9S942, hMp16a-I1
and p53-I1 we carried out a radiolabeled PCR as described previ-
ously.3? For the other 2 markers we carried out a fluorochrome
PCR (5’ ABI-Hex IFNA and p53 ).3° LOH and MSI were defined
as described previously.3?

DG-DGGE and TP53 sequencing

All samples were screened by DG-DGGE (double gradient-
denaturating gradient gel electrophoresis) analysis for the presence
of TP53 mutations in the most frequently affected exons (5-8) of
the gene. The analysis was carried out in a 2-step PCR protocol.
The first amplification step used 50-100 ng genomic DNA in a
25l reaction volume containing 50 mM KCl, 10 mM Tris-HCl
(pH 8.4), 1.5 mM MgCl, buffer (Roche, Branchburg, NJ) 80 uM
of each dNTP, 0.4 uM final concentration of each primer and 0.65
U of AmpliTaq polymerase (Roche). The PCR profile: 3 min at
95°C; 35 cycles of 15 sec at 95°C, 15 sec at specific annealing
temperature, 1 min at 72°C, finally 5 min at 72°C.3* One .l of the
diluted amplification product was used as DNA template for the
second amplification step. During this PCR step a 40 bp GC-rich
sequence (GC-clamp) was attached to the fragments at 5’-end.3>
The reaction buffer and cycling conditions were identical to those
described above except for an additional final cycle of 5 min at
95°C and 1 hr at 56°C. Primer sequences for the second step of
DG-DGGE PCR analysis have been described previously3>-37
(Table II). The final products of each PCR were electrophoresed on
a 3% agarose gel to verify amplification.

DG-DGGE was carried out as described by Gelfi er al.3® The
denaturant gradient slope was determined according to the melting
profile of DNA fragments calculated by utilizing the Macmelt
program (Bio-Rad, Hercules, CA). Gels containing a denaturant
gradient (40—80%) and a porosity gradient (6.5-12%) were run at
4 V/cm for 16 hr in 1 X Tris-acetate/EDTA (TAE) buffer kept at a
constant temperature of 60°C. Two types of control for loading
were used: a cell line carrying a wild-type 7P53 and samples with
well-known mutations. After electrophoresis the gels were stained
with ethidium bromide. Samples with mutations were identified by
the presence for 1 or more new bands or a shift in position
compared to the control wild-type cell line and control mutated
samples. These cases were subjected to automated DNA sequenc-
ing (ABIprism 377, Applied Biosystems) and each sequence re-
action was carried out at least twice, analyzing separate amplifi-
cations as described previously.?® In each case, the detected
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TABLE II - PRIMER SEQUENCES AND CONDITIONS OF DG-DGGE

Exon Primer sequences Sizel l?n?;::;:ﬁ%e DGGE cor}dition
(bp) (degrees) (% gradient)

Sa 5'-GC clamp TTCCTCTTCCTACAGTACTC-3’ 158 56 40-70
5'-CGGCACCCGCGTCCGCGCCA-3’

5b 5’-GC clamp TTCCACACCCCCGCCCGGCA-3’ 208 56 50-80
5'-TTGCCCAGGGTCCCCAG-3’

6 5’-GC clamp GAGACGACAGGGCTGGTT-3' 270 64 40-70
5'-AAGGGTGGTTGTCAGTGG-3’

7 5’-GC clamp CAAGGCGCACTGGC-3’ 222 64 40-70
5'-CACTTGCCACCCTGCACACTG-3’

8 5'-GC clamp TTCCTTACTGCCTCTTGCTT-3’ 271 62 40-75

5'-GTTATGCCTCAGATTCACTT-3’
Sequence of the
GC-clamp

5'-CGCCCGCCGCGCCCCGCGCCCGTCCCGLLGLecceaeece-3”

ISize including the 40-bp GC-clamp.

mutation was confirmed in the sequence as sense and antisense
strands.

4ARF 61NK4a

Homozygous deletion of pl and pl

Homozygous deletion assay was carried out by a comparative
multiplex PCR as described previously.3 The primers used to
amplify a 160 bp fragment of p14*%" exon 1B were published by
Kourea et al.*® For the INK4a locus the following primers were
used: exon la, 1108R#! and p16F (5'-ACG AGG CAG CAT GGA
GCC-3'); exon 2, 346R-305F,*> 2A (5'-CTG GCT CTG ACC
ATT CTG T-3') and F (5'-CAA TTC TCA GAT CAT CAG TCC
T-3"); exon 3, X3.90F,*2 3C (5'-GCA GTT GTG GCC CTG TAG
GA-3"). B-globin gene primers used were: KM38, GH20, PCO4,
KM?29.43

Analysis of pl4**F and p16™%** promoter methylation status

DNA methylation patterns in the CpG islands of the p/4**" and
pl6™5** genes were determined by methylation-specific PCR
(MSP). Bisulfite modification of DNA (2j.g) was carried out as
described by Herman et al.** One microgram of salmon sperm
DNA was added as carrier before modification. We carried out a
nested PCR. The bisulfite-modified template was subjected to a
Stage-1 amplification with primers specific for pI14*%* (p14-For-
ward, 5'-AGT TTG TAG TTA AGG GGG TA-3'; pl4-Reverse,
5'-ACT CCT CAA TAC ATC AAC A-3') and p16™V5#945 genes.
Taq Gold polymerase (Applied Biosystems) was used in 50 pl
PCR reaction and the annealing temperature was 58°C and 60°C
for pl4*%" and pl6™%** genes, respectively. The Stage-I PCR
products were diluted 10-fold and 4 .l was subjected to a Stage-II
PCR in which primers specific to methylated or unmethylated
templates were used. Primer sequences of pI4*%* were published
by Esteller er al.*¢ and the annealing temperature was 58.5°C and
68°C for the methylated and unmethylated reaction, respectively.
Primer sequences of p16™%% for the methylated and unmethylated
reaction were described previously** and the annealing tempera-
ture for both reactions was 68°C. Five micrograms of each PCR
reaction was loaded into nondenaturing 6% polyacrylamide gels,
stained with ethidium bromide and visualized under UV illumina-
tion. We used the cell lines LoVo and Raji as positive control for
methylation reaction for pI4*%" and p16™%#“ genes, respectively.

RESULTS

H-ras sequencing

Molecular analysis of the first 2 exons of H-ras gene was carried
out successfully in all cases under study with the exception of
Cases 11 and 21 (not evaluatable for the exon 1). Using specific
primers, no mutations were found in the mostly affected codons
12, 13 and 61 of the H-ras gene (Table III). Nevertheless, a high
percentage of cases (62%) presented a base change in 1 or both
alleles that gave rise to polymorphisms already described by
Capon et al.#’7 The H-ras polymorphism frequency of ITAC is

similar to the one of the healthy population. In detail, 12 of 19
(63%) ITACs revealed a H-ras polymorphism at exon 1, codon
2748 and 1 ITAC (5%) showed a polymorphism at exon 2, codon
53 (Case 11) (Table III). In addition, Cases 14 and 17 presented a
base change at the first intron of the gene (Table III).

Immunocytochemistry

Cumulatively p53 immunoreactivity was observed in 11 of 21
(52%) cases (Table III). Considering the cases with known occu-
pational exposure, 10 of 17 (59%) showed p53 immunoreactivity.
A strong immunodecoration involved over 90% of the nuclei in 5
cases (Cases 5, 6, 15, 16 and 21) (Fig. la,c) and ranged from
50-80% in the remaining (Fig. 1b) (average 78%). The percentage
of nuclear immunostaining in each case is detailed in Table III. No
case showed mdm 2 overexpression (Table III).

Microsatellite analysis

The microsatellite analysis at the 9p21 and 17p13 loci through
5 polymorphic markers turned out to be suitable in 16 of 21
ITACs. Overall LOH and MSI were found in 12 of 16 (75%) and
3 of 16 (19%) informative cases, respectively. Considering the
ITAC related to a professional exposure we observed LOH in 83%
(10 of 12) of the cases. The microsatellite analysis at the locus
9p21 resulted suitable in 15 of 21 cases and overall accounted for
33% of the cases (Table III). All ITACs involved were associated
to a professional exposure (5 of 11 = 45%). In Case 2 the LOH
occurred at the marker hMpl6a-I1 located into intron 1 of
pl6™5# gene. The microsatellite analysis at the 17p13 locus
through 2 polymorphic markers turned out to be suitable in 14 of
21 ITACs. Nine of 14 (64%) informative cases revealed LOH in at
least 1 of the 2 analyzed microsatellites (Table III). Among the
cases related to a professional exposure, 7 (6 to wood dust; 1 to
leather dust) of 12 (58%) showed LOH at 17p13 locus (Fig. 2b). In
Cases 6, 12, 13 and 14 the LOH occurred at the marker p53-11
located into intron 1 of TP53 gene.

Immunocytochemistry correlation

LOH at the locus 17p13 coupled with p53 immunoreactivity
was present in 6 of 9 (67%) informative cases. The percentage of
nuclear immunostaining intensity and number of involved nuclei
ranged from 50-90% (average 77%).

TP53 mutational analysis

TP53 mutational analysis at exons 5—8 was successfully carried
out in 20 of 21 cases. PCR-amplified fragments with a different
DG-DGGE migration compared to the wild-type control were
subjected to automated DNA sequencing. We identified 2 of 20
(10%) cases (Cases 2 and 15) carrying a TP53 polymorphism at
exon 6, codon 213,4° which does not result in a change in the
aminoacid sequences. Mutations were observed in 8 of 20 (40%)
cases (Table III). Considering only cases with known professional
exposure, however, mutations were observed in 7 of 16 (44%)



TABLE III - TP53, P14°RF p16'NK4A AND H-RAS GENE IMMUNOPHENOTYPING AND GENOTYPING DATA'

pS3/TPS3 pIE™NKAap [4ARE
Case Professional H-ras mutation ICC 17p13 locus 9p21 locus Homozygos deletion MSPp
exposure DO7 TP53 mutation
mdm2 % p53  p53-11  D9S942  hMpl6a-Il  IFNA exIf exla ex2 ex3 P16 P14
1 Leather dust WT polym ex1 — 70% WT LOH Neg Neg NI Neg N N N N M M
2 Wood dust WT — Neg Polym ex6, Arg213Arg CGA Neg Neg Neg LOH Neg N N N N U M
> CGG
3 Wood dust WT polym ex1 — 50% WT LOH MSI NI NI LOH N N N N M NE
4 Leather dust WT polym exl — 80% Mut ex7, Arg248Gln CGG Neg Neg NI NI NI NE N N N M U
> CAG
5 Marble dust WT polym ex1 — 90% WT NE Neg Neg NI LOH NE NE N N M NE
6  Wood dust WT polym ex1 — 90% NE NI LOH Neg Neg Neg NE NE NE N U NE
7  Asbestos WT polym ex1 — Neg Mut ex8, Arg306stop CGA N NE N N M M
> TGA
8  Aspecific WT — Neg sMut ex5, Vall72Val GTT NI NE Neg NE NI NE NE N N NE U
> GTC
9  Wood dust WT — Neg Mut ex6, Arg213stop CGA N N N N M M
> TGA
10 Wood dust WT — 70% Mut ex7, Gly245Asp GGC NI Neg  MSI NI Neg N N N N M NE
> GAC
11 Leather dust WT polym ex2 — Neg WT NE NE NE NE NE NE NE NE NE NE
12 Wood dust WT polym ex1 — 70% WT LOH LOH Neg Neg NI NE NE N N NE U
13 Wood dust WT — Neg Mut ex8, Cys277stop TGT NI LOH Neg Neg LOH N N N N U M
> TGA
14 Unknown WT polym ex1" — Neg WT LOH LOH MSI NI Neg NE NE N N NE NE
15 Leather dust WT polym ex1 — 90% Polym ex6, Arg213Arg CGA N N N N M M
> CGG
16  Wood dust WT — 90% Mutex6, Val216Met GTG > LOH Neg  Neg NI Neg N N N N M M
ATG
17 Aspecific WT polym ex1® — Neg WT NI Neg  Neg NI Neg N NE N N M 6]
18  Wood dust WT polym ex1 — Neg WT LOH Neg Neg NI NI N N N N M M
19 CO particulates WT — 70% Mut ex7, Arg249Gly AGG NI NE LOH NI Neg N N N N 6] NE
> GGG
20 Wood dust WT polym ex1 e Neg WT NE N NE NE 8] NE
21 Aspecific WT — 90% WT LOH Neg Neg NI Neg NE NE N N NE NE
13/21 62% 11/21 52% 8/20 40% 9/14 64% 5/15 33% 11/16 69% 8/12 67%

lpolym, polymorphism; wt, wild-type; polym ex1, His27His CAT > CAC; polym ex2, Leu53Leu TTG > TTA;", base change intron 1, G > A; Mut, mutation; sMut, silent mutation; ex, exon;
Pos, positive; Neg, negative; MSI, microsatellite instability; LOH, loss of heterozygosity; NE, not evaluable; NI, non informative; N, normal; M, methylated; U, unmethylated.
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FI1GURE 1 — p53 immunophenotype. Strong p53 immunoreactivity in
almost all the nuclei in: (@) low power magnification and inset of a
case of AGE (Case 15); (b) a case of SRC (Case 19); and (c¢) a case of
PTCC (Case 21) with molecular level evidence of wild-type TP53
carrying polymorphism, missense TP53 mutation, and wild-type TP53,
respectively.

cases. One mutation was located in exon 5, 2 in exon 6, 3 in exon
7 and 2 in exon 8. Missense mutations causing an aminoacid
substitution were 4 (Cases 4, 10, 16 and 19) and occurred in TP53
mutational hot spots codons (codons 248, 245, 216 and 249,
respectively);'2 1 was a silent mutation in exon 5 codon 172 (Case
8) and the remaining 3 mutated ITACs (Cases 7, 9 and 13) (Fig.
2a) carried a nonsense mutation that leads to the appearance of a
premature stop codon and results in an early chain termination
during translation (Table III). Except the transversion found in
Case 13, all mutations were of the transition type and cumulatively
the transitions were 7 of 8 (87%), but accounted for 6 of 7 (86%)
if only exposed cases were considered. Three of 7 (43%) and 3 of
6 (50%) transition mutations occurred at CpG dinucleotides in all
and exposed cases, respectively.

On the basis of a strong (over 90%) and diffuse p53 immuno-
staining throughout the tumor, the molecular analysis in Cases 5

PERRONE ET AL.

and 21 was extended to exons 9 and 10 without finding any
alteration. In Case 15 the analysis of exons 9 and 10 was not
possible owing to the exiguity of the material.

Immunocytochemistry correlation

The expression of p53 protein well correlated with 7P53 muta-
tion analysis. In all cases carrying missense mutations, a positive
p53 immunophenotype was observed and, by contrast, a p53 null
immunophenotype was detected in all cases with nonsense muta-
tions and in the case with a silent mutation (Table III).

LOH correlation

LOH at the loci 17p13 and 9p21 was found in 2 of 4 (50%) and
2 of 5 (40%) TP53 mutated cases, respectively. The remaining
TP53 mutated ITACs were not evaluatable or not informative for
microsatellite analysis. The percentage of TP53 mutations or LOH
at the 17p13 locus was 71%.

4ARF 61NK4a

Homozygous deletion of pl and pl

Homozygous deletion analysis was successfully carried out in
20 of 21 ITACs (Case 11 was not evaluatable for any exon). No
homozygous deletion occurred in any pI4*%" and p16™%** exons
(Table III).

MSP

Overall methylation of p/ or pl promoters was de-
tected in 13 of 18 (72%) cases and, considering the exposed
ITACs, in 12 of 16 (75%) cases (Fig. 3). Overall pI4**" promoter
methylation was observed in 8 of 12 (67%) cases (Table III) and
only the cases with known occupational exposure were considered
in 8 of 10 (80%). Overall pl16™%** promoter methylation was
found in 11 of 16 (69%) cases (Table III). In cases with known
occupational exposure, 10 of 15 (67%) showed 4p1 6"™V544 promoter
methylation. Concomitant pI44%* and p16™%% promoter methyl-
ation was present in Cases 1, 7, 9, 15, 16 and 18.

4ARF 61NK4¢1

Evidence of TP53 or pl4®RF gene deregulation

Overall this accounted for 86% of the cases (18 of 21) and
consisted of 8 mutations, 3 of which also carrying LOH at the loci
17p13 or 9p21 and 4 cases also showing pI4*** methylation; 3
LOH at the marker p53-I1 located into intron 1 of TP53 gene
associated with a p53 positive immunophenotype in 2 cases; 4
pI4*RY promoter methylation coupled with p53 stabilization or
LOH at the locus 17p13 (marker p53) in 3 cases; and 3 p53
overexpressing cases, 2 of which with over 90% of the immuno-
stained nuclei, all associated to LOH at the 17p13 or 9p21 loci.
Considering only the cases with known occupational exposure, a
TP53 or pl4*R" gene deregulation was present in 15 of 17 (88%)
cases.

Cumulative evidence of pl6™ ** alterations

Overall evidence of p/6™%** alterations was found in 60% of
cases (12 of 20) and consisted of 11 pI6™%** promoter methyl-
ation (2 were also carrying a LOH at the locus 9p21 [marker
IFNA]) and 1 LOH at the marker hMp16a-11 located into intron 1
of pl16™%#* gene. Considering only cases with known occupa-
tional exposure, the cumulative evidence of pl6"™V%#* alterations
accounted for 65% (11 of 17).

Cumulative evidence of TP53 or pl14°®F and p16™K+?
alterations

Results indicate an alteration of TP53 or pI14**” and p16™%+*
genes in 11 of 20 (55%) cases. All ITACs showing concomitant
deregulation of these tumor suppressor genes were related to a
professional exposure (11 of 16 = 69%).

DISCUSSION

H-ras mutations and the TP53, pI4*%" and pl6™*** gene
deregulation were investigated in 21 consecutive, untreated cases
of ITAC suitable for molecular analyses. The series, in keeping
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F1GURE 2 — Molecular analysis of a null p53
PTCC case (Case 13) harboring a stop codon
TP53 mutation coupled with LOH at locus p53-
I1. (a) Nucleotide sequence analysis of a portion
of the TP53 exon 8 from the tumor DNA showing
a Cys277stop, is compared to the sequence from
normal DNA control. T, tumor; N, normal tissue.
(b) Microsatellite analysis showing a loss of the
lower allele (arrow) of the p53-11 polymorphic
marker in the tumor (lane 1). The normal tissue
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CCTGw CCIGGTCCTGTCCTGGE

|

p53-11
T

N
Normal

Ay

(lane 2) shows both alleles. T, tumor; N, normal
tissue.

MUM U UM UM

d

1 2
el 0

3 4 6 7 8

p 16 INK4A

FiGURE 3 — MSP of pI4*R¥ promoter in Cases 1 (lanes 1,2) and 4
(lanes 3,4), and MSP 0fp]61N ¢ promoter in Cases 19 (lanes 6-7) and
18 (lanes 8,9). A visible PCR product in lanes marked U and M
indicates the presence of unmethylated and methylated promoters,
respectively. Molecular weight marker used was $X174 DNA-Hae III
digest (lane 5).
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with previous epidemiological studies,*> was found to be associ-
ated strongly with male gender, (95%), professional exposure,
(85%), as well as prolonged professional exposure. Assuming as
reasonable exposure to occupational carcinogens a period exceed-
ing 20 years and a latency period ranging between 0—40 years,?8
the mean age of disease onset in our series was 61 years.

The mutations of H-ras gene reported by Perez et al.?® in ITAC
prompted us to verify this occurrence in our cases. The association
between ITAC and environmental mutagens along with the dem-
onstration that chemical carcinogens may cause mutations in the
ras gene were in fact both consistent with a possible involvement
of ras family genes. In our research, however, codons 12 and 61 of
H-ras gene were never found affected by mutations. We cannot
rule out that this discrepancy might be ascribed to differences in
the genetic background of the target population.

By contrast, we found a high percentage of 7P53 mutations or
LOH at the 17pl3 locus (71%) as well as p53 overexpression
(52%) emphasizing the involvement of this tumor suppressor gene
in ITAC. TP53 mutations accounted for 8 of 20 cases (40%), and
were coupled with LOH at the locus 17p13 in 2 cases. Considering
the type of exposure, mutations were found in 7 of 16 (44%)
patients exposed to wood/leather/asbestos dusts and in 1 of 3
patients without specific exposure. Interestingly, the latter case
carried a silent mutation. In patients with known exposure, all but
1 TP53 mutations, i.e., 6 of 7 (86%), were transitions G:C—A:T,
a type of mutation typically related to carcinogen exposure'? and
already reported in 2 cases of ITAC with unknown exposure
history.?¢ The high proportion of this type of mutation strongly
suggests a causal relationship between the presence of genotoxic

exon 8 cod. 277

agents, shared by the various professional dusts, and p53 loss of
function. Moreover, 3 of 6 transitions (50%) were at CpG dinu-
cleotide, mutational hot spots that are involved in different types of
human cancer!” being cytosine a target for chemical mutagens
inducing enzymatic methylation and guanine a target for a variety
of carcinogens.'>1¢ Our results seem to support the idea that CpG
sites represent a preferred target of the dust carcinogens and that
the properties of carcinogen agents to generate specific type of
base substitutions may be influenced by the specific nucleotides
Sequence.13’14’50’51

The percentage of LOH at the 17p13 locus accounted for 58%
in ITACs with known exposure. This type of LOH occurrence
seems quite peculiar for ITAC and showed that in a similar
percentage of TP53 mutations (43%), LOH at the 17p13 locus
reached only 15% (2 of 13)30 in a series of sporadic malignant
peripheral nerve sheath tumors that we examined recently. A high
rate of LOH at this locus is reported in tumors strongly related to
carcinogen exposure such as tobacco smoke-associated larynx
cancer?? and in particular, colorectal adenocarcinomas (75%).>%>3

In favor of a TP53 deregulation is the uncommon marked and
diffuse p53 overexpression found in 10 exposed ITACs (59%) that,
besides the 4 TP53 mutated cases, was coupled with LOH at the
17p13 locus in 4 cases. For the remaining 2 cases, where the null
mdm?2 immunophenotype did not support a p5S3-mdm2 complex
related stabilization,® we can not rule out the presence of an
aberrant mdm?2 protein unable to target a correct ubiquitinization,
but still able to bind a wt p53.54

Methylation of p14**" promoter was found in 80% of ITACs
with known professional exposure and this aberration paralleled
TP53 mutation in 50% of the cases analyzed (4 of 8). This apparent
redundant suppressor gene pathway inactivation is likely to be
related to the presence of CpG islands, known to be preferred
targets of the dust carcinogens in both p/4**” promoter and TP53
gene.

Regarding p/ , the present results demonstrate a rele-
vant involvement of this tumor suppressor gene in ITACs with
known exposure (65%), mainly achieved through an aberrant
methylation (67%). The high occurrence of methylation of
p14*%7 and pl16™%* promoters further underlines the close
correlation between dust related genotoxic agents and CpG
dinucleotides changes.!8-1°

pl14°RF silencing by promoter methylation is assumed to play a
deregulating role into TP53 pathway because the lack of p14**"-
mdm?2 binding may negatively affect the p53 function.>> Interest-
ingly, TP53 or pI4**" alteration was present in all dust-exposed
tumors carrying p16"V5# alterations (69%), suggesting that simul-
taneous deregulation of these tumors suppressor genes are impor-
tant in ITAC tumorigenesis.

Moreover, the TP53 and pl6~%** alteration patterns we ob-
served were similar to that reported in colorectal tumors, where the

6INK4u
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majority of the 7P53 mutations are G:C—A:T transitions and
involve the CpG dinucleotides (54%),23>* and the most of
pl6™54 alterations are methylation (55%).25 This implies that the
morphologic resemblance of ITAC with colorectal adenocarci-
noma parallels a similar TP53 and p16™%#“ molecular deregula-
tion in contrast to previous observations.2® As for p14*** we found
a greater aberrant methylation in our exposed ITACs (80%) com-
pared to that reported in colon carcinomas (28-32%).>° TP53 or
pI16™%# alterations occur frequently in other lesions of the diges-
tive tract, however, such as the rare small bowel adenocarcino-
mas>’ and Barrett’s esophagus.?!-22

In conclusion, our present study represents the first demonstra-
tion, to our knowledge, of TP53, pI4*%" and p16"™%** deregula-
tion in ITAC in a series of patients surgically treated and profes-
sionally exposed to dusts of different origin. Our results indicate a
high occurrence of TP53 or pl4**" (88%) and pl16™*** (65%)
gene alterations in these tumors, possibly mediated by dust geno-
toxic agents through a selective action on CpG dinucleoti-
des.!>18.19 This interaction is supported by the TP53 G:C—>A:T
transition mutations (86%) and the high occurrence of p16™%** or
pl14*RF methylation (75%). Further arguments in favor of this
conclusion are provided by the LOH at chromosomal loci encod-
ing the TP53, pl4**" and pl16™%%% genes, a molecular event
already reported as being associated closely with carcinogenic
exposure.20

PERRONE ET AL.

Because there is mounting evidence that puts forth the knowl-
edge that both tumor genotype and mechanisms of drug action are
determinants for selecting effective treatments using current che-
motherapy regimens, our insights may be helpful in planning more
tailored treatments. Alterations found in ITAC are likely to carry
relevant biological implications given the important role that both
TP53 and p16™%# play in cell growth control and apoptosis. Most
of DNA-damaging drug-based regimes applied currently utilize an
intact apoptotic pathway that is disabled by INK4a/TP53 gene
alterations making the drug apoptosis-mediated cell killing mech-
anism ineffective.’® In our series, this is expected for TP53
mutation-carrying cases. In p16™%#% methylation-carrying cases a
complete loss of function of the encoded protein may only be
assumed because the MSP approach does not provide information
about silencing of both the alleles. We are evaluating gene profile
vs. response to therapy in a biopsy-based series of ITACs treated
by conventional primary chemotherapy followed by surgery.
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