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Abstract

Materials

and Methods

Cell Lines and Tumor Specimens. Tumor samples, along with uninvolved

The chromosome region 18q21 is frequently deleted in lung cancers.
Recent identification ofJVl8-1 at this locus led us to examine whether or
not it might also be altered in lung cancers, as is the case for the closely
related DPC4 tumor suppressor gene. A missense somatic mutation and a
9-bp in-frame deletion were detected in the highly conserved region of

tumors were collected during surgery. All tissues were quickly frozen in liquid
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Southern Blot Analysis. To search for gross alterations in the JV18-1
gene, Southern blot analysis was carried out using EcoRI-digested DNAs as

described previously (13). The cDNA probe used in the present study, which
covered the entire open reading frame of the JVJ8-1 gene, was prepared by
PCR using the oligonucleotide primers and conditions described below.
Allelic

Accumulating evidence indicates that lung cancers carry multiple
genetic lesions in tumor suppressor genes (1â€”6),with frequent allelic
losses at the chromosome region 18q21 suggesting the presence of at
least one tumor suppressor gene in this location (7, 8). We recently
showed that the DPC4 gene, which was initially isolated from l8q2l
as a candidate tumor suppressor gene for pancreatic cancers (9), is
somatically mutated in a proportion of lung cancers in vivo (10).
However, the observed frequency of DPC4 mutations was signifi
cantly lower than expected from the numbers of l8q21 deletions in
lung cancers, indicating that another tumor suppressor gene might be
present in this chromosome region.
Riggins et a!. (1 1) recently reported isolation of a novel gene,
termed fy18-], closely related and forming a MAD-related gene
family with the DPC4 gene. Interestingly, it was mapped to the 18q2l
region within a short distance (3 Mb) from the DPC4 gene. Moreover,
the authors found JVJ8-1 to be mutated in a fraction of colon cancers
which are well known to frequently demonstrate 18q21 deletions (12).
These observations led us to examine whether the JVJ8-1 gene might
also be a target for 18q2l deletions in lung cancers.
In the present study, we examined 57 lung cancer specimens, taken
directly from patients, for JVJ8-1 gene alterations along with the
molecular status of the DPC4 gene and allelic loss at 18q21. Somatic
in vivo JVJ8-1 mutations were indeed identified, albeit at low fre
quency, suggesting that the MAD-related genes at 18q2l may play a
role in the pathogenesis of lung cancer.

work
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signal intensity
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PCR-SSCP Analysis. PCR using random primed cDNAs was performed
with oligonucleotide
previously
enzymes

(14).

primers

PCR

to yield

in the presence

products

a higher

were

sensitivity

digested

of [32P]dCTP as described
with

appropriate

due to a smaller

size,

restriction
followed

by

electrophoretic
separation on 6% nondenaturing
polyacrylamide
gels at
4Â°C.Restriction enzymes used in this study were RsaI and AluI (Fig. I).

The primer pairs used were: 51 (sense), 5'-AGCTCTAGATGGCTTGCT
GCCTTTGGTAAG

and

ASI

(antisense),

5'-AGCGAATTCACTGGT

GTCTCAACTCTCTGA; S2 (sense), 5'-AGCTCTAGAGAAGTATGTG
TAAACCCTFAC and AS2 (antisense), 5'-AGCGAATFCCACCT
ATGTAGTATAAGCGCA; and 53 (sense), 5'-AGCTCTAGAATGACAA
GAAGGCATATAGGA and AS3 (antisense), 5'-AGCGAATTCAAGT
CTTTTCCATGGGACTTG.

The PCR amplification

consisted of 35 cycles

(94Â°Cfor 30 5, 55Â°Cfor 45 s, and 72Â°Cfor I mm) after the initial
denaturation step (94Â°Cfor 2 mm).
RT-PCR products of lung cancer specimens showing abnormal PCR-SSCP
patterns

were

digested

and cloned

into the XbaI-EcoRI

site of pBluescript

SKII(â€”)(Stratagene), and the plasmid DNAs prepared from pooled clones
were sequenced as described previously (14). RT-PCR products of the corre
sponding

normal

lung RNAs

were also subjected

to PCR-SSCP

and sequenc

ing analyses.

Results and Discussion
We first examined 57 lung cancer specimens for the presence of
gross alterations using Southern blot analysis but failed to identify
any such somatic abnormalities (data not shown). RT-PCR-SSCP
analysis was then performed to search for subtle mutations in the
JV18-1 gene, yielding two lung cancer specimens with distinct
electrophoretic mobilities (case 3, small cell carcinoma; case 8,
adenocarcinoma in Fig. 1). The distinct mobility shifts were pres
ent only in lung cancer specimens and not in the corresponding
normal lungs, indicating a somatic nature for these changes (data
not shown). In contrast to almost exclusive expression of iran
scripts with the altered mobility shift in case 3, both mutant and

sive 10-Year Strategy for Cancer Control, Cancer Research from the Ministry of Health

and Welfare,Japan, and ScientificResearchon PriorityAreasfrom the Ministryof
Education, Science, Sports and Culture, Japan.
2 To

whom

requests

for

reprints

should

be

3 The
addressed.

abbreviations

used

are:

SCLC,

small

cell

lung

cancer;

NSCLC,

non-small

cell

lung cancer; RT, reverse transcription; SSCP, single-strand conformation polymorphism.

5583

Downloaded from http://aacrjournals.org/cancerres/article-pdf/56/24/5583/2462607/cr0560245583.pdf by guest on 06 December 2022

among

total alterations in JV18-1 and DPc4, however, are not sufficient to
account for all 18q21 deletions in lung cancers. These findings suggest that
although P118-i and DPC4 may play roles in a limited fraction of lung
cancers, another tumor suppressor gene may also exist in this chromo

lung tissue where

SOMATIC IN VIVO1V18-1 ALTERATION5 IN LUNG CANCERS

a

o@@@C,Jce)

LO(ON@C0O)wâ€”v-Y-@@-

E@WWO@W@O

@@.U)6060W60Ã¸60Ã¸cOcOCOU)U)

Z0000000000000

15â€”18). Since

s...

b

@
@â€”

ATG

5'

TAA

3'

S2m@ Al@j
1 @AS2

sip..

I -@uAS1

Rsal

S3u@

Rsal

I -@AS3

Fig. I . PCR-SSCP analysis of the JVI8-1 gene in lung cancer specimens. a, repre
sentative results of PCR-SSCP analysis using 53 and AS3 primers. Abnormal mobility
shifts are apparent in cases 3 and 8. b, Schematic diagram of the strategy for PCR-SSCP
analysis ofJVI8-l cDNAs as well as that ofJVI8-1 mRNA are shown. Open box, coding

region; stippled boxes, 5' and 3' untranslated regions. Restriction enzymes used to yield
higher sensitivities due to smaller sizes are indicated.

wild-type alleles were expressed at similar levels in the lung cancer
RNA of case 8, consistent with retention of heterozygosity ob
served on Southern blot analysis.
Sequence analysis of both normal and lung cancer specimens of
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inhibition and induction of differentiation when treated with trans
forming growth factor f3 in vitro (19), the present findings suggest
that alterations of the JVJ8-1 gene may play a role in the patho
genesis of a fraction of lung cancers.
We previously reported detection of alterations of the DPC4
gene in a subset of lung cancers (10). In the present cohort, we
collectively observed alterations of the MAD-related genes, JVJ8-1
and DPC4, in 3 (1 JVJ8-1 and 2 DPC4, 12%) of 25 adenocarci
nomas and 1 (DPC4, 7%) of 15 squamous cell carcinomas and 1
(JVJ8-1, 8%) of 12 small cell carcinomas (Table 1). Neither
JVJ8-1 nor DPC4 mutations were found in four large cell carci
nomas and one adenosquamous carcinoma. It is of note that allelic
losses at 18q21, where JVJ8-J and DPC4 reside, were present in as
high as 45% (5/1 1 informative cases) of the adenocarcinomas
(Table 1). Although it is possible that RT-PCR-SSCP analysis
using RNAs from microdissected tumor specimens might yield
higher
mutation
frequencies
of MAD-related
genes,
this
discrepancy between the frequencies of JVJ8-1 and DPC4 muta
tions and that of allelic loss at l8q21 could be reconciled if one
assumes that this latter reflects changes in multiple tumor suppres
sor genes and that there is yet another putative tumor suppressor
gene at l8q21 which plays a role in lung carcinogenesis. Alterna
tively, these MAD-related genes themselves might be inactivated
by other molecular mechanisms such as aberrant hypermethylation,
leading to transcriptional
repression (20). In this regard, it is
interesting to note that lung cancers, especially adenocarcinomas,
frequently show tumor-specific
aberrant hypermethylation
at

cases.

study.
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these two cases showed the presence of somatic mutations leading
to changes in the predicted JV18-1 gene products (Fig. 2). Case 3
was found to carry a missense mutation (@AC to Ã§AC) in a highly
conserved residue at codon 450 within the MAD homology 2
(MH2) region of the JV18-1 protein, producing a nonconservative
amino acid substitution (change from aspartic acid to histidine).
Case 8 had a 9-bp in-frame deletion encompassing codons 434â€”
436 within the MH2 region. Sequence analysis also revealed that
this deletion in case 8 had resulted in the appearance of slower
migrating bands in the RT-PCR-SSCP analysis due to removal of
the RsaI site used here (Fig. 1).
The present study thus identified two examples of somatic
mutations in the JVJ8-1 gene in lung cancer specimens taken
directly from patients, both of which occurred within the highly
conserved MH2 region. fy18-] is a member of the MAD-related
gene family, which has been shown to function in the signaling
pathway of transforming growth factor /3 family members (11,

SOMATIC IN VIVO1V18-I ALTERATIONS IN LUNG CANCERS

a

Case3

Case8

INormal

Normal

Tumor'GATC
GATC
5'

Fig. 2. Sequence analysis of the P118-i gene in

@

â€”â€”

ri
ITL

a.a.

a.a.

IG

lung cancer specimens and the corresponding nor
mal lung samples of cases 3 and 8. a, a missense
mutation (QAC to CAC) at codon 450 is apparent in
lung cancer tissue of case 3, while a 9-bp in-frame

-IG

3,@

deletion is evident in that of case 8. Note that these
mutations are not present in the patients' normal
lung samples, indicating that they occurred as in
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diagram of the JV18-l protein and locations of the
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-I

@.@â€”.

@AK

@A

C

C
A@

JT
@â€”

â€”

KA!

Ai

@_â€”

G
T
T
G

Jc

T

.@.â€”.

C

@â€”,--

:@:.

@m

@1w

C

3,

A
I

CJl

T
G

@lT
â€”

GATC

.@

JA

â€”â€”

â€”._.

A
C

ST

IG

@â€”

G

AD@HA
C
A

r@

@â€”

=

T
LT

Tumor

a.a. a.a.

GATC

IG

t@G.

wE

A

fit

identifiedmutations.The aminoacid sequenceof

b

IC

highlighted (black boxes).

DPC4
MADRI
JV18.1

....IKE
....VTS
....VTS
431

I
,

IL

HRA
HGP

Patient:

yet unidentified, tumor
18q21 deletions in lung

â€˜E
â€¢K

H....
T....

NGP â€¢ â€¢K T....

Mutation:

may lead to identification of another,
suppressor gene(s) linked with frequent
cancers.

eL
â€¢

H

Case 3

10. Nagatake, M., Takagi, Y., Osada, H., Uchida, K., Mitsudomi, T., Saji, S., Shimokata,
K., Takahashi, T., and Takahashi, T. Somatic in vivo alterations of the DPC4 gene at
l8q2l in human lung cancers. Cancer Ret., 56: 2718â€”2720, 1996.
11. Riggins, G. J., Thiagalingam, S., Rozenblum, E., Weinstein, C. L., Kern, S. E.,
Hamilton, S. R., Willson, J. K. V., Markowitz, S. D., Kinzler, K. W., and Vogelstein,

B. Mad-related genes in the human. Nat. Genet., 13: 347â€”349,1996.
12. Vogelstein, B., Fearon, E. R., Hamilton, S. R., Kern, S. E., Preisinger, A. C., Leppert,
I. Naylor, S., Johnson, B., Minna, J., and Sakaguchi, A. Loss of heterozygosity of
M., Nakamura, Y., White, R., Smits, A. M. M., and Bos, J. L. Genetic alterations
chromosome 3p markers in small-cell lung cancer. Nature (Lond.), 329: 451â€”454,
during colorectal-tumor development. N. Engl. J. Med., 319: 525â€”532,1988.
1987.
13. Hibi, K., Yamakawa, K., Ueda, R., Horio, Y., Murata, Y., Tamari, M., Uchida, K.,

References

2. Harbour, J. W., Lai, S-L., Whang-Peng, J., Gazdar, A. F., Minna, J. D., and Kaye,

F. J. Abnormalities In structure and expression of the human retinoblastoma gene in
SCLC. Science (Washington DC), 241: 353â€”357,1988.
3. Takahashi, 1., Nau, M. M., Chiba, I., Birrer, M. J., Rosenberg, R. K., Vinocour, M.,
Levitt, M., Pass, H., Gazdar, A. F., and Minna, J. D. p53: a frequent target for genetic
abnormalities In lung cancer. Science (Washington DC), 246: 491â€”494, 1989.

4. Hibi,K.,Takahashi,T., Yamakawa,K.,Ueda,R.,Sekido,Y.,Ariyoshi,Y.,Suyama,
M., Takagi, H., Nakamura, Y., and Takahashi, T. Three distinct regions involved in
3p deletion In human lung cancer. Oncogene, 7: 445â€”449,1992.
5. Kamb, A., Ontis, N. A., Weaver-Feldhaus, J., Liu, Q., Harshman, K., Tavtigian, S. V.,
Stockert, E., Day, R. S., ifi, Johnson, B. E., and Skolmck, M. H. A cell cycle regulator

potentially Involved in genesis of many tumor types. Science (Washington DC), 264:
436â€”440, 1994.

6. Washimi, 0., Nagatake, M., Osada, H., Ueda, R., Koshikawa, T., Seki, T., Takahashi,
T., and TakahaShi,T. in vivo occurrence of p16 (MTS1) and p15 (MTS2) alterations

Takahashi, T., Nakamura, Y., and Takahashi, T. Aberrant upregulation of a novel
integrin a subunit gene at 3p2l.3 in small cell lung cancer. Oncogene, 9: 611â€”619,
1994.

14. Suzuki, H., Takahashi, T., Kuroishi, T., Suyama, M., Ariyoshi, Y., Takahashi, T., and
Ueda, R. p53 mutations in non-small cell lung cancer in Japan: association between
mutations and smoking. Cancer Res., 52: 734â€”736, 1992.
15. Sekelsky, J. J., Newfeld, S. J., Raftery, L. A., Chartoff, E. H., and Gelbart, W. M.
Genetic characterization and cloning of mothers against dpp, a gene required for
decapentaplegic function in Drosophila melanogaster. Genetics, 139: 1347â€”1358,
1995.

16. Savage,C., Das,P., Finelli,A. L., Townsend,S. R., Sun,C. Y., Baird,S. E., and
Padgest, R. W. Caenorhabditis elegans genes Sma-2, Sma-3, and Sma-4 define a
conserved family of transfonning growth factor beta pathway components. Proc. NatI.
Acad. Sci. USA, 93: 790â€”794, 1996.
17. Hoodless, P. A., Haerry, T., Abdollah, S., Stapleton, M., O'Connor, M. B., Attisano,

L., and Wrana, J. L. MADR1, a MAD-related protein that functions in BMP2

preferentially in non-small cell lung cancers. Cancer Ret., 55: 514â€”517, 1995.
7. Shiseki, M., Kohno, T., Nishikawa, R., Sameshima, Y., Mizoguchi, H., and Yokota,

signaling pathways. Cell, 85: 489â€”500, 1996.

J. Frequent allelic losses on chromosomes 2q, 18q, and 22q in advanced non-small
cell lung carcInoma. Cancer Ret., 54: 5643â€”5648,1994.

8. Nagatake,M., Osada, H., Kondo,M., Uchida.K., Nishio,M., Shimokata,K.,

18. Graff, J. M., Bansal, A., and Mellon, D. A. Xenopus Mad proteins transduce distinct
subsets of signals for the TGFI3 superfamily. Cell, 85: 479â€”487,1996.

19. Masui,T.,Wakefield,L.M.,Lechner,J. F.,LaVeck,M.A.,Sporn,M.B.,andHarris,

Takahashi, T., and Takahashi, T. Aberrant hypermethylation at the bcl-2 locus at
l8q2l In human lung cancers. Cancer Res., 56: 1886â€”1891, 1996.

C. C. Type b transforming growth factor is the primary differentiation-inducing serum
factor for normal human bronchial epithelial cells. Proc. Nail. Aced. Sci. USA, 83:

9. Hahn, S. A., Schutte, M., Hoque, A. T. M. S., Moskaluk, C. A., tIn Costa, L. T.,

2438â€”2442, 1986.
20. Baylin, S. B., Makos, M., Wu, J., Yen, R.-W. C., de Bustros, A., Bertino, P., and

Rozenblum,E., Weinstein,C. L., Fischer,A., Yeo,C. J., Hruban,R. H., and Kern,
S. E. DPC4, a candidate tumor suppressor gene at human chromosome 18q2l.l.

Nelkin, B. D. Abnormal patterns of DNA methylation in human neoplasia: potential

Science (WashIngton DC), 271: 350â€”353, 1996.

consequences for tumor progression. Cancer Cells, 3: 383â€”390,1991.

5585

Downloaded from http://aacrjournals.org/cancerres/article-pdf/56/24/5583/2462607/cr0560245583.pdf by guest on 06 December 2022

P118-1 from amino acids 431â€”454of the MH2
domain are aligned with the corresponding regions
In MADR1 and DPC4. Conserved sequences are

