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As part of our ongoing studies to characterize molecular
alterations in a well-defined series of surgically resected
esophageal cancers, we examined the expression of 2 ras-
regulated genes, whose products (osteopontin and cathepsin
L) previously were shown to be associated with tumor
invasion and metastasis. RNA was extracted from primary
esophageal tumors (adenocarcinomas, 19; squamous-cell car-
cinomas, 6) and matched histologically normal esophageal
mucosa from the distant resection margin. Northern analysis
was used to quantitate RNA, relative to an 18S rRNA control,
and immunohistochemistry to assess the tissue distribution
of osteopontin. In addition, H-, K- and N-ras mutations were
studied in the same tissues using PCR and hybridization with
allele (mutant)-specific oligonucleotide probes. We demon-
strated a K-ras mutation (codon 12, GTT) in one esophageal
adenocarcinoma. The ras-regulated gene osteopontin was
over-expressed in 100% of squamous-cell carcinomas and in
58% of adenocarcinomas relative to matched normal esopha-
geal mucosa. Patterns of immunoreactivity for osteopontin
protein also varied between squamous-cell carcinomas (tu-
mor cell staining) and adenocarcinomas (predominantly tu-
mor-infiltrating macrophages). Expression of cathepsin L also
varied with esophageal tumor histology, with over-expression
in 58% of primary esophageal adenocarcinomas and 33% of
squamous-cell cancers. Int. J. Cancer 72:739-745, 1997.
© 1997 Wiley-Liss, Inc.

amplification of the Kras oncogene (Galianaet al., 1995),
over-expression of Has RNA (Sorsdahlet al., 1994) and p21
protein (Ruolet al., 1990) have been reported, nas mutations
have been detected in human esophageal cancers to date. Interest-
ingly, H- and Kras mutations were found in a small number of
highly tumorigenic esophageal cell lines, whereas the primary
esophageal squamous-cell carcinoma from which the cell line was
derived had naas mutation (Galianaet al., 1993). Furthermore,
transfection of an activated ks gene into a non-tumorigenic
esophageal cell line resulted in tumorigenidityvivo, suggesting
that ras indeed may have a role at some stage of multistep
esophageal tumorigenesis. It is also possible taatinduced
tumorigenicity is due to the induction (or repression) of genes
whose expression is regulated s, as well as by other signal
pathways.

Osteopontin, a calcium-binding phosphoprotein, has been identi-
fied as a tumor-associated protein in various tumor cell lines in
culture (for review, see Denhardt and Guo, 1993). Levels of
osteopontin were increased in malignaras-transformed fibro-
blasts (Chamberst al., 19923), where its expression is regulated
transcriptionally byras-responsive elements in the osteopontin
promoter (Gucet al., 1995). Anti-sense down-regulation of osteo-
pontin RNA has been shown to result in reduced malignancy
(Behrendet al., 1994), supporting the idea that osteopontin can
contribute functionally to neoplasia. While osteopontin is known to

Carcinoma of the esophagus is one of the most frequem produced by many tumor cell lines in culture, little is known
malignancies worldwide, with marked geographic variations iabout its expression in human tumors, though we have reported
incidence. Although esophageal tumors are relatively uncommoateopontin over-expression in carcinoma of the lung (Chandbers
in North America, epidemiologic studies have reported a markedi, 1996). An additionalras-induced gene is major excreted

increase in incidence for adenocarcinomas of the lower esophaguretein (MEP), the precursor of the cysteine proteinase cathepsin L
Except for an association with Barrett's esophagus, a pre-maligngRenhardtet al., 1986). Cathepsin L is elevated in many trans-
condition believed to result from gastro-esophageal reflux, little formed cells, and increased levels have been associated with tumor
known about the pathogenesis of primary esophageal adenocarciAgasion and metastasis (Chambetsl., 1992), 2 characteristic
mas. Studies of well-established risk factors, including alcoh#atures of esophageal cancer thought to contribute to its dismal
consumption, smoking and diet, have shown inconsistent Bfognosis. To date, there has been little study of the molecular
reduced associations for primary esophageal adenocarcinorf@Betic events associated with the metastatic potential of esopha-
compared with squamous-cell carcinoma. Further insight into t§€al carcinoma and, in particular, efs-mediated changes in gene
development and progression of esophageal cancer is anticipt&gression that may contribute to metastasis.

from an improved understanding of its tumor biology and analysis As part of our ongoing studies to characterize molecular
of interactions between environmental factors and moleculalterations in a well-defined series of surgically resected esopha-
genetic alterations in esophageal tumors and pre-malignant tiss@esal cancers (predominantly adenocarcinomas), we examined the

The p53tumor-suppressor gene appears to have a central roleg¥Pression of 2as-regulated genes, osteopontin and cathepsin L,
human neoplasia, and following initial reports of mutations in
esophageal squamous-cell carcinomas (Hollsteil., 1990) and ————
Barrpett'sg adeﬂocarcmomas (Casseh al.(, 1991), consid()arable ~ Contract grant sponsors: Ontario Thoracic Society; J.P. Bickell Founda-
attention has been focused on this gene in esophageal tumorigi@f: Victoria Hospital Department of Surgery Academic Enrichment Fund;
esis (for review, see Montesamob al., 1996). However, it is clear C'gn(gé%Hé’Zﬂgzlisneé%irggr%%\é?é%? ment Fund; National Cancer Institute of
that not all esophageal tumors hap&3 alterations, and it is ' ’
therefore likely that other genes are involved in esophageal cancer———
development and progression. Thas family of genes initially *Correspondence to: Regional Department of Thoracic Surgery, Heart-
appeared promising as these oncogenes are mutated frequent@ﬁ%&ogg'ztg" Bordesley Green East, Birmingham B9 5SS, UK. Fax: (44)
human gastro-intestinal and upper aerodigestive tractgropha- )
ryngeal and lung) malignancies and in experimental rat esophageal
cancer models (Wanet al., 1990; Lozancet al., 1994). Whereas  Received 29 January 1997; revised 14 April 1997.
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whose RNA products were quantitated using Northern analys{pl100D9; a gift from Dr. D. Denhardt, Rutgers University, Piscat-
Immunohistochemistry also was used to assess the tissue distriaaray, NJ). All assays were repeated at least 3 times.
tion of osteopontin. In addition, H-, K- and Ns mutations were

studied using PCR and hybridization with allele (mUtam)'SpeCiﬁI?nmunohistochemical analysis of osteopontin

ollgon_ucleotlde probes._ Anticipating a low frequency (s Immunohistochemistry was used to study osteopontin in fixed
mutations, we also studigub3 alterations in the same esophageal red gh bt al 1996y Th P lonal
tissues using PCR-based molecular assays, Northern analysisﬁéﬁ'jées' as reported (Cham a., ). The monoclona

immunohistochemistry. Molecular alterations were correlated wiﬁg1 alu t(iJgt);(el\t/lgtl)) i%’gr“?)'sevsh?gﬁ'?gég%%?gg'qgg Cr;u(rngtn %ﬁfﬁ]g?nrltm
clinical and histo-pathologic features of these tumors. cleaved) native human osteopontin, was used at 1:750 dilution.
Reagent and tissue controls were run in parallel, including blocking
with recombinant osteopontin protein to ensure specificity of
MATERIAL AND METHODS osteopontin detection. Osteopontin levels were expressed in each
Patients and tumors tissue section using a semi-quantitative scoring system. Briefly, this
Th . . . scored the percentage of positive staining cells (ner@
e study population comprised a sequentially accrued caS&o, ~ 1 1 _7004— 2 11-33%— 3. 34-66%= 4. >67% — 5)
seri_es of 25 patients (2_1 male, 4 female) from a Iow-incideng(fs wellas’ theintensit)’/ of staining (ﬁoneo weak=, 1 intermedi-
region (southern Ontario, Canada) who underwent a curatig — 5 ~strong= 3). The proportion and intensity scores were
resection of a histologically proven esophageal carcinoma &qeq to give a final score (0, 2-8). In addition, the intensity of
Victoria Hospital (a university teaching hospital and tertiarysteopontin staining in tumor-infiltrating macrophages was evalu-
referral center), London, Ontario, Canada. No patient receivggeq subjectively (none 0, occasional or focal staining 1+,
pre-operative chemotherapy or radiotherapy. weak= 2+, intermediate= 3+, strong= 4+). Tissue sections
Resected esophageal tissues were examined pathologically ede evaluated independently by 2 investigators, one of whom was
staged according to the UICC TNM classification. Strict clinicoa consultant pathologist. Discordant cases were discussed at the
pathologic criteria were used to define a primary esophagsal (double-headed microscope until consensus was reached.
gastric cardia) adenocarcinoma (Casstral., 1991), as follows:
the presence of an associated Barrett’'s epithelium (colum A isolation andrasmutation analysis
epithelium-lined esophagus extending greater than 3 cm above t

anatomic esophagogastric junction or the presence of SpedaliZeat(?r?:g]rﬁ)r[r)n’\eln/l-\t\il\slzjeixggg(t)?gir];mg]) 2{’;2 dzsrgprﬂg?hec)a(lallst%rpo:o?gi?]-
“intestinal-type” epithelium), greater than 75% of the tumor mas g P

. . ; . ; . e K/SDS digestion, phenol-chloroform extraction and ethanol
involving the tubular esophagus, direct invasion of peri-esophag %ecipitation H-, K- and Nas mutations in genomic DNA

tissues, minimal gastric involvement and clinical symptoms Qlyiracted from esophageal tissues were identified using PCR
esophageal obstruction (dysphagia). Tissues were placed in liqiifloved by hybridization with allele (mutant)-specific oligonucleo-
nitrogen as soon as possible after resection and stored in {f}R probes. The PCR amplification primers (amplimers) for exons
esophageal tumor bank at80°C for molecular analysis. Tumor 1 and 2 of H-, K- and Nas were purchased from Clontech (Paolo
histology was confirmed by frozen section analysis at the time pafto, CA). A small portion of the PCR product was electrophoresed
processing, and all banked tumor tissue compris@®% malig- in a 12% polyacrylamide gel inx TBE buffer at 200 V. The
nant cells, with minimal necrosis. For each tumor, matcha@maining PCR products were dot-blotted onto a Hybond-N nylon
histologically normal esophageal mucosa, from the distant reséitter membrane (Amersham, Oakville, Canada) using a blotting
tion margin, was available as an internal control. Resected esophenifold (GIBCO-BRL, Grand Island, NY); 4 pl of each amplified
geal tissues (tumor and matched normal mucosa) were formalproduct were dot-blotted onto the filter, and 6 replicate dot-blot
fixed, and paraffin-embedded for routine histology, usingiembranes were prepared for each set of products. The membranes
hematoxylin and eosin, and forimmunohistochemical analysis. Were then cross-linked using a UV Stratalinker 1800 (Stratagene,

Use of resected esophageal tissues was approved by the Re\}'rg\n}oua' _CA)' ) )
Board for health sciences research at the University of Westernhe oligonucleotide probes for the wild-type and mutant alleles

Ontario and by the Department of Pathology, Victoria Hospital. Of codons 12, 13 and 61 of H-, K- and s were those in the
MUTA-LYZER kit (Clontech). Each codon-specific kit contains a

panel of either 7 or 8 individual oligonucleotide probes that

RNA isolation and Northern blot analysis correspond to the wild-type and all pertinent mutations ofrtse

Tissues (tumor and matched normal) were homogenized mech&Hjcogene. Probes were terminally labeled wii#PJATP (6,000
cally (Polytron PT 1200; Brinkmann, Mississauga, Canada) aftd/Mol) using T4 polynucleotide kinase. Filter membranes were
RNA extracted using TRIzol Reagent (200 mg tissue/2 ml TRIzoPre-nybridized for 1-2 hr in a solution containingtSSSPE (
Life Technologies, Burlington, Canada), according to the protocpPntains 0.15 mol/l NaCl; 0.01 mol/l NaRGQ,H,0O; 0.001 mol/l
supplied by the manufacturer. RNA (10 pg/lane) was runona 1.1 I '.EDlTA)' |5(;< Dggh;rdt Sh SB%[L:_'OQZ(X 3|Or|3alr|l|s48'02 %n%/(!/
agarose gel with 6.8% formaldehyde and capillary-transferred évmr?dp{(%)r;l\?lne'di'mgmr hosohat gmt HIC705 H lg‘ridi'z t? n
GeneScreen Plus filters (DuPont, Mississauga, Canada). Blots < and d out so'uht p;ysggco_ls_ﬁ are, abp e ¥h a ?] d
probed with denatured, oligolabele@?}]-dCTP cDNA probes cartiec out overnight & - | 1€ membrane was then washe

using an oligolabeling kit (Pharmacia, Baie d’Urfé:anada)’ once with 6< SSC and 3 timesni 3 M tetramethylammonium

according to the procedure provided by the manufacturer and %‘sl_ogg?gggcg?r Membranes were exposed to Kodak XAR-5 film

reported (Chamberst al., 1992a,b, 1996; Sorsdahét al., 1994). . . - . . .
RNA levels were quantified by densitometry (Phosphorimager i’q ras mutations were identified using 2-step screening hybridiza-
el
i

Molecular Dvnamics. Sunnwvale. CA) and calculated as lev on. At the first screening, the mutant allele probes for each
. y ! Yy ' ) dexed codon were pooled into 2 groups of probe mixture. This
relative to the 18S control for each lane.

- e allowed us to reduce the number of hybridization reactions that we
The probes used in these studies included a human osteopoR#d to carry out to evaluate all 57 potential mutations per sample. A
cDNA probe (Younget al.,1990); a cathepsin L probe, which waspositive control with the wild-type oligonucleotide probe was
the 1.19-kb cassette of plasmid pSP65-MEPA (Denhatdal., always carried out in parallel. If a mutation was detected, the
1986); and a p53 probe, which was a 1.2-kb human p53 cDN#bt-blots were stripped in an aqueous solution containing 0.1%
(Oncor, Gaithersburg, MD). The control probe was an 18S rRN8DS and 0.k SSC for 30 min at 75°C, then re-hybridized to
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individual single allele mutant probes. However, since we knew potential limitations of evaluating heterogenous tissues with vari-
which group of pooled mutant probes the positive signal wasble immunoreactivity, both the fraction of positive staining cell
found, this second-round hybridization was restricted to the mutamiclei and the average staining intensity were assessed (Aftred
probes belonging to the mixture group. The positive control usira., 1993).

the corresponding wild-type probe was again performed in parallel.

The result of this second-round hybridization served 2 purpoges: (

to confirm the presence of the mutant gene aidd localize the RESULTS

site of the point mutation. Tumor pathology

Positiveras mutations and randomly selected DNA samples with Esophageal tumor histology was squamous-cell carcinoma (24%,
wild-typeraswere confirmed by DNA sequencing. PCR amplifica6/25) or adenocarcinoma (76%, 19/25) with poor (64%, 16/25),
tion was repeated using the same amplification primers and tmederately (24%, 6/25) or well- (12%, 3/25) differentiated tumors.
product electrophoretically separated. The desired band was iBost-resection tumor stages (UICC, pTNM) were IIAH17), |I1B
lated, then blunt-end-ligated into the pGEM-T vector using th@g = 1), lll (n = 15) and IV (n= 2).
pGEMT-T Easy Vector System (Promega, Madison, WI). The DNA
ligation reaction product was used to transform ettbmpetent Osteopontin RNA levels in esophageal tumors
cells (GIBCO-BRL). Ten bacterial colonies were selected, and Osteopontin expression in esophageal tumor tissues and matched
plasmid DNAwas isolated using the mini-prep method. These wetigstologically normal esophageal mucosa was assessed by North-
screened for the presence of mutaas using the same dot-blot ern blotting and quantitative densitometry, relative to 18S rRNA
procedure as described for genomic DNA. Two micrograms ¢#vels to control for RNA loading (Fig. 1). Osteopontin RNA levels
plasmid DNA with mutantas were used to perform sequencingwere generally low in all normal tissues. In contrast, osteopontin
with the T7 Sequencing Kit (Pharmacia), using the originails- RNA was over-expressed (greater than>,Belative to matched
12/13 8 or 3 primers and ¢**S]-dATP as label. Random samplesnormals) in all squamous-cell carcinomas (100%, 6/6; range,
with wild-typeras also were confirmed by sequence analysis.  1.7x—4.5x) and in 58% of adenocarcinomas (11/19; range<%9

8.7X). These data are summarized in Table I.
p53alterations

p53mutations were detected using PCR/single-strand confornigimunohistochemical detection of OPN protein
tion polymorphism (SSCP) analysis of exons 4-10, as originally Osteopontin protein levels in corresponding sections of esopha-
described (Cassomt al., 1991), with modification in primer geal tumor and matched normal tissues were assessed using the
location and electrophoresis conditions (Ozcetilal., 1995). All  anti-osteopontin mAB53 (Table I). Normal esophageal tissues were
samples were re-amplified from the original genomic DNAuniformly negative for osteopontin protein (score 0). Four of 6
followed by a second PCR/SSCP analysis. Direct DNA sequenciaguamous-cell carcinomas were immunopositive for osteopontin
(forward and reverse) was used to confirm the site and nature of ffiretein. These tumors also had the highest over-expression of
mutation. osteopontin RNA (range 2:8-4.5X). Immunopositivity was local-

A modified indirect immunoperoxidase technique was used tged to squamous tumor cells throughout (scores 2—4), with only
study the distribution of p53 protein in formalin-fixed, paraffin-occasional or focal macrophage staining (scote 4/6 tumors;
embedded 4-um tissue sections, as reported previously (Cassodt, 2/6 tumors). Immunopositivity in tumor cells was localized to
al., 1995). Briefly, 2 primary anti-p53 antibodies (mutant andhe peri-nuclear region of the cell, whereas staining within macro-
wild-type) were used in separate assays: the murine DO7 MAb ap@ages was localized to the cytoplasm.
the rabbit polyclonal CM1 at 1:25 and 1:1,000 dilutions, respec- Patterns of osteopontin protein immunoreactivity varied consid-
tively (Novacastra, Newcastle upon Tyne, UK). Controls were rugrably for esophageal adenocarcinomas. In the majority of tumor
in parallel with test sections and included known positive anskctions (74%, 14/19), immunopositivity was localized to macro-
negative staining tissues (tissue controls) and test sections pshages and ranged from focal+«}) to strong (4-) macrophage
cessed without the primary antibody (reagent controls) and wisltaining. By contrast, tumor cell staining (scores 2—4) was seen in
matched histologically normal esophageal mucosa. To overcomay 26% (5/19) of adenocarcinomas, and immunoreactivity gener-

1 — — — —
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FIGURE 1— Representative Northern blot analysis of 13 human esophageal tumors (T) and matched histologically normal esophageal mucosa
(N) probed for expression of osteopontin (OPN), cathepsin L (MEP), p53 and an 18S rRNA control (on this blot, numbers 2,5, 7 and 10 are
esophageal squamous-cell carcinomas and numbers 1, 3, 4, 6, 8, 9, 11, 12, and 13 are primary esophageal adenocarcinomas).
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TABLE | — EXPRESSION OF OSTEOPONTIN AND CATHEPSIN t3gs AND pS3MUTATIONS IN HUMAN ESOPHAGEAL
SQUAMOUS-CELL CARCINOMAS AND ADENOCARCINOMAS

Tumor OPN OPNIHC  cathepsin ras p53 p53  p53
Stage pif RNA 1 m L RNA mutation mutation RNA  protein
Adenocarcinomas
mod 8.7 2 3t 15 — — 08 O
v poor 7.0 0 I+ 1.1 — 5/158 05 O
CGC— CAC
1} poor 56 0 4+ 45 K12GTT — 08 8
1 poor 51 2 I+ 0.7 — 6/196 07 O
CGA— TGA
1} poor 5.0 0 2+ 1.0 — — 07 O
1} poor 45 0 1+ 0.1 — — 07 4
1} poor 3.6 0 3t 7.5 — 8/271 20 O
GAG — TAG
1} mod 3.3 0 2+ 2.3 — — 1.0 O
A poor 32 0 O 3.9 — — 15 0
1} well 26 0 3+ 6.3 — 9/316 1.0 O
+C
A well 1.9 0 O 3.0 — — 25 0
1} poor 15 3 0 0.9 — 71248 06 8
CGG— TGG
A mod 12 3 4+ 25 — — 05 O
A poor 1.1 0 O 17 — 71234 06 6
TAG — AAC
1} poor 1.1 0 3+ 1.6 — 5/158 01 8
CGC— CAC
A poor 1.0 4 3+ 0.7 — 5/175 12 8
CGC— CAC
1} poor 1.0 0 1+ 17 — 5/175 16 8
CGC— CAC
1} poor 0.8 0 2+ 4.3 — — 05 O
1} poor 0.7 0 O 0.4 — 8/273 20 8
CGT— CAT
Squamous-cell carcinomas
A well 45 4 1+ 1.0 — 5/173 08 7
GTG—TTG
A mod 4.1 2 2+ 14 — 8/293 1.7 0
+A
1B poor 3.9 4 2+ 2.3 — 6/224 05 O
GAG — GTG
A mod 2.8 3 1t 0.3 — — 09 O
1} poor 22 0 1+ 4.6 — 5/158-160 07 4
—CGCGCCA
Y mod 1.7 0 L+ 0.2 — 4/106 07 7
—CTA

Tumor stage according to UICC TNM staging system (1987); Diff, tumor differentiation, poor,
moderate (mod), or well-differentiated; OPN, osteopontin; RNA expression, fold increase for tumor
relative to matched normal tissues (and to 18S rRNA level to control for RNA loading); OPN IHC,
osteopontin immunohistochemistry scores for tumor cell (T) staining expressed as a composite score of
percentage (0, none; £1%; 2, 1-10%); 3, 11-33%; 4, 34-66%;567%) and intensity (0, none; 1, weak;

2, moderate; 3, strong) of staining (range: 0 [negative], 2-8 [positive]), and staining of macrophages (M)
was scored subjectively (0, nonet 1focal staining; 2, 3+, 4+, subjective range of positive staining);

ras mutation, Kras/codon/mutationp53 mutation, exon/codon(s)/base change; p53, composite immuno-
histochemistry score for p53 protein accumulation (0, none; 2-8, range of cell nuclear staining) éAllred
al., 1993).

ally did not correlate with osteopontin RNA expression by Northesophageal adenocarcinoma was found to have a mutation (G-to-T

ern analysis. transversion) at codon 12 of kas, confirmed by sequencing (Fig.

Cathepsin L RNA levels i h It 2). By Northern analysis, this poorly differentiated adenocarcinoma
athepsin vels In esophageal tumors (UICC stage Ill) also over-expressed osteopontin X5.&nd

Cathepsin L RNA levels in the same esophageal tumor aggthepsin L (4.%) RNA relative to matched normal esophageal
matched normal tissues also were assessed by Northern analygisosa.

and quantitative densitometry (Fig. 1). Expression of cathepsin L
RNA in esophageal tumors, relative to matched normals, variegg3 . RNA level d . lati

widely (range 0.X-7.5X), with over-expression (greater thanP mutgtlong, evels and protein accumulation o

1.5% in 33% (2/6, range 2.8—4.6x) of squamous-cell carcinomas  Alterations in thep53tumor-suppressor gene were studied in the
and in 58% (11/19, range 1x6-7.5x) of adenocarcinomas. No same tissuepp53 mutations, detected by PCR/SSCP analysis and
association between expression of cathepsin L RNA and osteop6fdfirmed by sequencing, were found in 83% (5/6) of squamous-

tin RNA was noted. cell carcinomas. These comprised 2 mis-sense mutations (single
) G-to-T base substitution, 1; in-frame deletion, 1) and 3 truncating
rasmutations mutations (base deletion, 1; base insertion, 1; splice site alteration,

PCR allele-specific oligonucleotide hybridization was used tb). p53 mutations were found in 53% (10/19) of primary esopha-
evaluate all possible mutations in 3 codons of alh8genes. One geal adenocarcinomas, comprising 7 mis-sense mutations and 3
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Associations between molecular alterations
K . ras and clinico-pathologic findings
Molecular alterations (over-expression of osteopontin, cathepsin
L or p53 RNA; ras or p53 mutations) were not associated with
clinico-pathologic findings in this series.

ACGT

e DISCUSSION
¢ In this series of 25 surgically resected esophageal carcinomas,
v using immunohistochemistry and Northern blotting of RNA, we
o ; have characterized the expression ed&regulated genes, whose

products, osteopontin and cathepsin L, are associated with tumor
invasion and metastasis. We demonstrated over-expression of both
osteopontin and cathepsin L in squamous-cell carcinomas and
s adenocarcinomas of the esophagus. We then performed a compre-
hensive study of the same esophageal tissues for evidenes of
. oncogene activation and found a singled mutation in a poorly
——- differentiated adenocarcinoma, which has not been reported so far
in a human esophageal cancer. This novel finding was contrasted to
p—— the spectrum op53gene alterations in the same series of tumors.

- The role of theras family of oncogenes in human esophageal
‘ tumorigenesis is unclear. Experimentally, carcinogen-induced rat
esophageal tumors were found to have a high frequency of
il ; activating Hras mutations (Wanget al., 1990; Lozanoet al.,
1994), which were predominantly G-to-A transitions, and the
finding of ras mutations in associated esophageal papillomas
suggested that activation of this gene occurs relatively early in the
— rat esophageal cancer model. Based on these experimental observa-
tions and reports of frequerras mutations in human gastro-
intestinal and related upper aerodigestive tract (oropharynx and
1 2 lung) malignancies, several groups have studied human esophageal
COdon carcinomas from different geographic regions but detectethso
mutations. Despite this surprising finding, other evidence has

FIGURE 2 — Sequence analysis of a primary esophageal adenocafgji€"9ed to suggest a role fias in human esophageal tumorigen-

noma confirmed to have a mutation in codon 12 of thea&gene €sis. While one early study reported ras p21 protein, detected
(GGT— GTT). immunohistochemically, in esophageal squamous-cell carcinomas

(Ruolet al.,1990), other studies reported over-expression of H-ras
RNA (Sorsdahlet al., 1994) and Kras amplification (Galianaet

truncating mutations. Single-base substitutions were G:C-to-A8f 1995) in esophageal adenocarcinomas. Galinal. (1993)
(n = 7), G:C-to-T:A(n= 1) and A:T-to-T:A (n= 1), and 7 of these also reportedras mutations in 3 highly tumorigenic cell lines,

changes were at CpG dinucleotides. PCR/SSCP analysis of matc@%ﬂved from Japanese patients with squamous-cell carcinomas of
i

g

«

ST

normal esophageal mucosae demonstrated no mutations (c > esophagus. Furthermore, transfection of a mutateasigene

k ; e _ Vinto non-tumorigenic esophageal cell lines resulted in tumorigen-
firmed by sequencing random normals), indicating P8 muta esis. We report aas mutation (K12, GGT-to-GTT) in a human

tions were of somatic origin. ) . esophageal cancer. This tumor was a poorly differentiated adenocar-
Only 4 tumors (adenocarcinomas, 3; squamous-cell carcinomggoma of primary esophageal origin (using strict criteria; Casson

1) over-expressed p53 RNA relative to matched normal tissde a)., 1991). Although the majority of studies to date have

(range 1.&-2.5X). Three tumors had associatp83 mutations evaluated only esophageal squamous-cell carcinomas, the fre-

(truncating, 2; mis-sense, 1), and the tumor with a mis-sengg@ency ofras mutation (5%, 1/19) in esophageal adenocarcinomas
mutation was immunopositive. The adenocarcinoma with th@so appears to be very low.

highest over-expression of pS3 RNA (X} did not have @53 s study also evaluates the expression @Lregulated genes
mutation and was immunonegative. in human esophageal cancer, whose products (osteopontin and
p53 protein accumulation was found in 50% (3/6) of squamougathepsin L) have previously been shown to be associated with
cell carcinomas and 37% (7/19) of adenocarcinomas. Consist@ithor invasion and metastasis. Using Northern blotting of RNA
immunoreactivity was seen using either the monoclonal (D07) ektracted from fresh esophageal tissues, over-expressibrsk)
polyclonal (CM1) anti-p53 antibody. Cell nuclear staining wasf osteopontin was demonstrated in 58% (11/19) of esophageal
characteristic, but staining intensity varied for individual celhdenocarcinomas and 100% of squamous-cell carcinomas, relative
nuclei. Although p53 protein distribution was heterogenous througtt matched histologically normal esophageal mucosa. Immunohis-
out tissue sections, the composite score (evaluating both intensidghemistry was used to assess tissue distribution of osteopontin.
and percentage immunoreactivity) wass for immunopositive  Although this series evaluated only a limited number of squamous-
tumors. No staining was seen in any negative control, matcheell carcinomas, osteopontin expression appeared to be localized to
normal esophageal mucosa or the cytoplasm of tumor celthe tumor cells (rather than tumor-associated macrophages) and
Concordance between independent investigators interpreting thignsity of staining generally correlated with RNA expression.
slides was found in over 90% of cases. The association betwestterns of osteopontin immunoreactivity varied considerably for
immunoreactivity angy53 mutations was as follows: 9 of the 10esophageal adenocarcinomas, with greater localization of osteopon-
immunopositive tumors had associated mis-sense mutationstirlto the infiltrating macrophages than to individual tumor cells.
immunopositive tumor was found to have a truncating mutatidrittle correlation was seen between levels of osteopontin RNA
(7-bp deletion, exon 5) and all other tumors=rb) with truncating expression detected immunohistochemically or by Northern analy-
p53mutations were immunonegative. sis in adenocarcinomas. We have reported a similar distribution of
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osteopontin protein i.e., predominant localization in tumor- sonet al., 1991). Although most patients with esophageal cancer
infiltrating macrophages rather than tumor cells) in non-small-cgdtesent clinically with advanced disease, few studies have evalu-
lung cancers (Chambees al.,1996). ated the molecular genetic events associated with the later stages of

We also used Northern blot analysis to study expression of tRophageal tumorigenesis or metastasis. Astteegulated genes
MEP gene product in the same tumors. Over-expression @gteopontin and cathepsin L have been implicated in tumor
cathepsin L was found in 58% (11/19) of esophageal adenocarcifitasion and metastasis, we conducted this exploratory study
mas and 33% (2/6) of squamous-cell carcinomas, with widsilizing fresh esophageal tissues obtained at surgery.
variations in expression in both histologic sub-types. Interestingly, To avoid degradation of RNA, all esophageal tissues were
the adenocarcinoma with the t&s mutation over-expressed bothprocessed immediately following esophagectomy by the same
osteopontin (5.8) and cathepsin L (48) RNA. Our findings surgeon/investigator, and consequently, all Northern blots were of
suggest that elevated levels of osteopontin and cathepsin Lcionsistently good quality. Furthermore, no patient in this series had
human esophageal cancers contribute to the biology of this disepgge-operative chemotherapy or radiotherapy, which reflects the
and that expression of these genes is mediate@d®independent pattern of practice in Canada at the time of tumor banking. We also
mechanisms in the majority of esophageal carcinomas. used strict clinico-pathologic criteria to define adenocarcinomas of

The infrequency ofas oncogene mutations contrasts with theprimary esophageal origin, thereby excluding proximal gastric
higher frequency of mutations of tld3tumor-suppressor gene in “cardia” cancers, and each tumor was staged (UICC, TNM)
the same series of esophageal tump&3 mutations were found carefully at the time of resection in collaboration with a consultant
throughout exons 4-10 studied in 53% (10/19) of adenocarcinonzathologist. The prevalent histologic sub-type in this study was
and 83% (5/6) of squamous-cell carcinomas. As reported lglenocarcinoma. Although this may reflect the increasing inci-
previous studies (Montesanet al., 1996), we found a high dence of esophageal adenocarcinomas reported in North America,
frequency of G:C-to-A:T transitions in esophageal adenocarciniv-also may represent patterns of referral to a tertiary or university
mas. Such mutations, occurring at CpG dinucleotides, suggest ttiairacic surgical service. As patients in this study originated from a
p53 mutations occur spontaneously by deamination or mis-mattw-incidence geographic region, the relatively limited sample size
repair in esophageal adenocarcinomas, in contrast to the spectprecluded further statistical analysis of these data. Further studies,
of non-CpG mutations seen in esophageal squamous-cell carcitierefore, are warranted to confirm our observations in a larger
mas. We also used Northern blot analysis to evaluate expressiorsefies of esophageal tumors from other centers and to determine the
p53 RNA and immunohistochemistry to study p53 protein accumesles of osteopontin, cathepsin L arak in the development and
lation. To overcome the potential limitations of immunohistochenprogression of human esophageal cancer.

istry, we evaluated multiple tissue sections, used 2 anti-p53|n summary, we report over-expression of osteopontin and
antibodies in independent assays and employed a scoring systegi®epsin L in human esophageal cancer, implicating these gene
account for tissue heterogeneity, based on intensity of cell nuclgabducts in esophageal tumorigenesis. We also reporasa
immunoreactivity and percentage staining. Furthermore, eagfiitation in a primary esophageal adenocarcinoma and contrast the
immunohistochemical assay was repeated by the same laborat@éyuency of these molecular changes with the spectrum5af

technician at least twice and by a different technician at anothgerations in the same series of well-characterized esophageal
research center. Consistent results were obtained by investigaigfsors.

evaluating the slides, who were also blinded to the results of the
molecular analysis. As expected, p53 protein was not detected
immunohistochemically in all tumors with53 mutations, though
good agreement was seen with mis-sense mutations.
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