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ABSTRACT

The DNAs from two independent pancreatic cancers (tumors 1 and 2)
in a patient with multiple endocrine neoplasia type 1 were analyzed. No
amplification or gross rearrangement of 19 protooncogenes was observed.
However, Southern blot analysis using polymorphic DNA probes re
vealed loss of heterozygosity at loci on chromosome lip in both tumors.
In tumor 1, an extensive region including the HRAS1, PTH, CALCA,
and DI IS/SI loci was deleted, while in tumor 2 loss of heterozygosity
was limited at the HRAS1 and D11S151 loci. Because loss of heterozy
gosity at other chromosomal loci in the two tumors was quite rare, loss
of genes on 11p might be nonrandom. It is noteworthy that the same
alÃeleat the UK IS I locus and also the same alÃeleat the D11S151 locus
were lost in the two independent tumors. These results suggest that loss
of genes at the HRAS1 and/or D11S151 loci plays an important role
unmasking the remaining sequences probably having a recessive muta
tion.

INTRODUCTION

MEN3 type 1 syndrome is a familial disorder inherited in an

autosomally dominant fashion and mainly involves the para
thyroid, pituitary, and pancreas, in two or more of which tumors
or hyperplasia occur (1). Some cases of retinoblastoma and
Wilms' tumor (2, 3), familial adenomatous polyposis (4), and

bilateral acoustic neurofibromatosis (5, 6) are also known to be
hereditary. In these hereditary cases, a defect of a gene at a
specific chromosomal band, such as 13ql4 in retinoblastoma
(2, 3), Ilpl3 in Wilms' tumor (3), 5q21-q22 in familial ade

nomatous polyposis (4), and 22q in bilateral acoustic neurofi
bromatosis (5, 6), predisposes patients to these diseases. The
complete inactivation of the gene by a second event, such as
loss of the corresponding normal alÃele,is thought to be in
volved in development of these tumors. The involvement of
gene inactivation in these tumors could be demonstrated by loss
of heterozygosity at the corresponding chromosomal loci. Loss
of heterozygosity at the same chromosomal loci was also ob
served in sporadic cases of retinoblastoma (7-9) and Wilms'
tumor (10-13). Losses of genes on particular chromosomes in
significant numbers of other sporadic cancers including small
cell carcinoma of the lung (14-17), renal cell carcinoma (18,
19), colorectal carcinoma (20-23), bladder carcinoma (24),
breast carcinoma (25-27), meningioma (28, 29), acoustic neu
roma (30), and glioma (31) have also been reported. The other
type of MEN, MEN type 2A, has been reported to be linked
with a genomic marker on chromosome 10 (32, 33), and fre-
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quent deletion of genes on chromosome Iq was observed in
MEN type 2-associated tumors (34). Recently, Larsson et al.
have mapped the MEN type 1 gene to chromosome llq by
family studies and have shown loss of the gene in insulinomas
from the family members (35).

In this work, we analyzed the DNAs from two independent
pancreatic tumors in a patient with MEN type 1. As previously
reported, the patient had an ectopie GHRH syndrome due to a
GHRH-secreting pancreatic tumor and also had a second pan
creatic tumor differing in histolÃ³gica! features and not produc
ing GHRH (36,37). Both tumors showed loss of heterozygosity
at loci on chromosome 1Ip. The same alÃeleat the HRAS1 and
D11S151 loci were lost in the two tumors.

MATERIALS AND METHODS

Isolation of DNA. Two pancreatic tumors (tumor 1 weighing 30 g
and tumor 2 weighing 2 g) were enucleated from a 36-year-old male
patient with MEN type 1. High molecular weight DNAs were isolated
from the two pancreatic tumors and peripheral leukocytes of the patient
by the method of Blin and Stafford (38).

Southern Blot Analysis. DNAs (5 Mg)were digested with appropriate
restriction endonucleases for 4 h by the procedure recommended by the
suppliers. The resulting DNA fragments were separated by electropho-
resis in 0.7% agarose gel and transferred to a nylon membrane (Hybond
N; Amersham) by the method of Southern (39). DNA on the filter was
hybridized at 42Â°Cfor 16 h in a mixture of 50% formamide, 6 x
standard saline citrate, 5 x Denhardt's solution, 10 mM EDTA, 0.5%
sodium dodecyl sulfate, 100 Mg/ml denatured salmon sperm DNA, 32P-

labeled denatured probe DNA, and 100 mg/ml dextran sulfate. The
filter was then washed three times with 0.2 x standard saline citrate at
50Â°Cfor 30 min and subjected to autoradiography using Kodak X-ray

film (XRP-5 or XAR-5) with a Dupont Cronex intensifying screen at
-70Â°C.

Polymorphic DNA Probes. Probes detecting RFLP on chromosomal
loci, restriction endonucleases used, and sizes of polymorphic DNA
fragments are summarized in Table 1. Probes were labeled by nick-
translation using [a-32P]dCTP as a radioactive substrate (40).

Cloning of the 11RAS I Gene and Nucleotide Sequence Analysis of the
Gene. DNA was digested completely with BamHl, and the fraction
containing 7.8-kilobase DNA hybridized to the v-H-ras probe was
separated by sucrose density gradient centrifugation. DNA in the frac
tion was ligated to the arms of the EMBL3A vector digested with
BamHl and the recombinant DNA obtained was packaged in vitro using
a Gigapack Gold system (Strategene). Phages carrying the HRAS1 gene
were isolated and nucleotide sequences of DNA fragments containing
exons of the gene were determined by the dideoxy sequencing method
of Sanger (41) using M13 mplO and mpl 1 as cloning vectors.

RESULTS

Characteristics of the Two Pancreatic Tumors. A 36-year-old
male patient first diagnosed as having hyperparathyroidism
underwent parathyroidectomy three times between 1980 and
1983. The resected glands showed the feature of chief cell
hyperplasia. Because the plasma level of growth hormone was
high and tumors were found in the tail of the pancreas, the
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Table 1 Probes used to detect RFLP

ProbepNCOlOlpYU5'pIGF-HPADJ762JW151JW151pPTHml22pTT42pCATintlP56H2.4pcAGP9SS6pAI-113c-ets1.8-kilobase.SmaI-EcoR\

fragmentpAT3cpYNH24PHF12-32pHSS-86PYNZ32\-fmspHF12-65pmetHc-mosGene

symbolHRAS1INS1GF2DUS

12HBG1HBG2PTHCALCACATD11S151PGAINT2APOAIETSlMYCLAT

3D2S44D3S2SSTD4S125CSF1RD5S2METMOSChromosome/

regionllplS.5llplS.5llplS.5llplS.5llplS.5llplS.5Ilpter-pl5.4llplS.4Ilpl3Ilpl3Ilql2-13Ilql3Ilq23-terIlq23.3Ip32Iq232q3pl4-p213q284p5q335pter-q357q318qll

or8q22EnzymeBamHlPvullMsplMspl///Hi/IllHind\\\PstlTaqlTaqlPstlEcoR\TaqlPstlSstlEcoRlPst\Msp\MsplEcoRlMsplEcoRlMsplTaqlEcoRlAlÃele*a*1212121212121212*1212121212*1212*12121212Size

(kilobases)Probe*a*0.91.052.11.72.7,

0.73.57.1,0.77.82.82.28.06.53.52.5,

1.09.45.8*4.12.32.23.32.22.410.06.610.55.5,

5.0*2.91.3,

1.612.06.4*2916,

134.13.77.54.02.55pCHT

16/8.0p380-8AI.8SaSsPHF12-8pEFD126.3H4IRBPp9-12ApHUK-1PEFD70.2pTHH54p640p7F12p9DllpTHH37PHHH208pMSl-14pHF12-2pYNZ22pHF12-62p4.1pRI2.21pMS3-18pDP34GenesymbolTGMYCD9S1D9S7RBP3D10S5P

LAVD10S26DÃŒOS14KRAS2D13S1D13S2D14S16D14SÃŒ9DISSID17S1D17S30DISSID/957D20S5D22SIDXYSlChromosome/

region8q248q249pter-qll9I0pll.2-qll.210q21.110q24-qterlOq1012pl2.113ql2-qI413q2214q14q15ql4-q2117pl317p1819cen-ql220pl222qll.2-qterXq,YpEnzymeTaqlSstlTaqlTaqlBglllTaqlBamHlPvullMsplTaqlMsplTaqlPalBamHlMsplMsplRsalTaqlMsplMsplBglllTaqlAlÃele121212*12121212123121212123121212*1212121212Size(kilobases)5.85.24.26.33.62.7*6.34.34.553.87.01.62.32.03.72.91.95.73.34.33.4,

0.97.65.63.02.42.16.55.812.04.32.92.146.02.69.08.03.83.09.56.511.012.0

*, AlÃelesand sizes detected by VNTR probes are not indicated.

patient, who showed acromegaly and had a family history of Southern Blot Analysis of Protooncogenes. DNAs extracted
hyperparathyroidism, was diagnosed as having MEN type 1 in
1983. In 1986, two tumors, tumor 1 (30 g) and tumor 2 (2 g),
were enucleated from his pancreas (36, 37).

Microscopic examination showed that tumor 1 was composed
of two different types of cells, crescent-shaped cells with a
meningioma-like arrangement and tall column cells with a
trabecular arrangement (36). Immunohistochemical examina
tion of tumor 1 indicated the presence of many GHRH-pro-
ducing cells and a few somatostatin- and calcitonin-positive
cells. Production of GHRH in the tumor was confirmed by
immunochemical and electroimmunocytochemical examina
tions (37). Furthermore, Northern blot analysis of RNA ex
tracted from tumor 1 revealed the presence of an extremely
high level of 0.8-kilobase mRNA that specifically hybridized to
a GHRH complementary DNA clone (data not shown). How
ever, no amplification or gross rearrangement of the GHRH
gene in the tumor was detected. In contrast to tumor 1, tumor
2 did not contain GHRH-producing cells. It was a typical islet
cell tumor and was composed of cells producing glucagon and
pancreatic polypeptide (36).

These results indicated that the two pancreatic tumors found
in the MEN type 1 patient developed independently and
prompted us to examine their DNAs to try to find a common
abnormality suggesting a genetic element predisposing the tis
sue to tumorigenesis.

from the two pancreatic tumors and leukocytes of the patient
were digested with appropriate restriction endonucleases for
detecting rearrangement of protooncogenes as far as possible
in 5' upstream regions. On Southern blot analysis of the DNA

digests, no amplification or gross rearrangement of protoon
cogenes including HRAS1, KRAS1, NRAS, MYC, NMYC,
MYCL, MYB, FOS, MOS, RAF, FES, ETS, INT2, ERBAI,
ERBA2, ERBB1, and ERBB2 was detected in either tumor.
Moreover, the high molecular weight DNAs from the two
tumors did not induce transformation of mouse NIH3T3 cells.
The sole aberration observed by the analysis was loss of one of
the two HRAS1 alÃeles.

Loss of Heterozygosity at RFLP Loci on Chromosome lip.
On digestion with BamHl and hybridization with a probe for
the HRAS1 gene, DNAs from both tumors gave a 7.8-kilobase
fragment (Fig. ÃŒA,Lanes 2 and 3). On the other hand, normal
DNA from leukocytes displayed RFLP with the probe and gave
two fragments of 6.8 and 7.8 kilobases (Fig. \A, Lane 1).
Therefore, in the patient, the HRAS1 locus was heterozygous
and one of the two alÃelesof the HRAS1 gene was lost in both
tumors. It should be noted that both tumors gave the same 7.8-
kilobase 11RASI fragment on BamHl digestion, indicating that
loss of the same HRAS1 alÃeleoccurred in two independent
tumors.
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B

1 23 1 2 3 1 23

Fig. 1. Loss of constitutional heterozygos-
ity at loci on chromosome lip in two pan
creatic tumors. DNAs of two tumors and pe
ripheral leukocytes from a patient with MEN
type 1 were digested with appropriate restric
tion enzymes, separated by electrophoresis in
0.7% agarose gel, and transferred to a nylon
membrane. Southern blots were hybridized to
32P-labeled DNA probes for loci on chromo

some lip. / and 2 on the left indicate the
observed alÃeles.Lane 1 contains the digests of
DNA from peripheral leukocytes. Lanes 2 and
3 contain digests of DNAs from tumor 1 and
tumor 2, respectively, kbp, kilobase pairs.

kbp

-7.8
-6.8

kbp

-2.8

-2.2

1 2 3

HRAS1 PTH CALCA D11S151

BamHI Pstl Taql Pstl

Since the HRAS1 locus is located on the short arm of chro
mosome 11 (lip), we examined DNAs with regard to loss of
heterozygosity at other loci on lip including INS, IGF2,
D11S12, HBG1, HBG2, PTH, CALCA, CAT, and D11S151
(Table 2). Besides the HRAS1 locus, the patient showed RFLP
at the loci for PTH, CALCA, and D11S151, but the loci for
INS, IGF2, HBG1, HBG2, and CAT were homozygous and
therefore uninformative. Results for the informative loci are
shown in Fig. 1. In tumor 1, loss of heterozygosity at loci for
PTH, CALCA, and D11S151 (Fig. 1, B-D, respectively) was
observed. On the other hand, loss of heterozygosity at the
D1IS1S1 locus was also observed in tumor 2 (Fig. ID), but
heterozygosity at the PTH and CALCA loci was preserved. Like
the H RASI alÃele,the same Dl 1SI 51 alÃele(alÃele1) was lost
in both tumor 1 and tumor 2. The autoradiograms shown in
Fig. 1 were hybridized with appropriate second probes and the
resultant autoradiograms having marker bands as an internal
standard were subjected to densitometric analysis. The results
suggested that each tumor contained two copies of the remain
ing alÃeles(data not shown). To examine whether the loss of
heterozygosity observed in the two tumors was restricted to
1Ip, we analyzed DNAs using probes for loci on the long arm
of chromosome 11 (1 Iq) and on other chromosomes (Table 2).
The patient was homozygous at all four llq loci analyzed.
Although the genotypes at these loci were uninformative, the
signals for the PGA alÃelein leukocytes, tumor 1 and tumor 2
were quantitatively analyzed by densitometry using the signals
of the DXYS1 locus as internal standards (Fig. 2). The result
revealed that the copy number of the alÃelein both tumors and
that in leukocytes were the same, indicating no loss of a portion
of llq at least at the PGA locus. At 15 of 32 loci on 21
chromosomes other than chromosome 11, the patient was
heterozygous. The heterozygosity at these informative loci was
preserved in the two tumors (Table 2), suggesting that loss of
heterozygosity at loci on 11p in the two tumors was nonrandom.
The region at the D9S1 locus on chromosome 9 was an excep
tion and was lost in tumor 1, but not in tumor 2 (Table 2).

Nucleotide Sequence Analysis of the HRAS1 Gene. Because

the region at the HRAS1 locus was deleted in both tumors and
the same alÃeleof the HRAS1 gene was lost in both, we exam
ined whether the remaining alÃeleof the gene in the two tumors
carried a small deletion or a point mutation. We cloned a 7.8-
kilobase BamHI fragment containing the HRAS1 gene from
tumor 1 DNA. DNA fragments carrying one of the four coding
exons of the gene were subcloned in phage Ml 3 mplO or mpl 1
and the nucleotide sequences of all four coding exons were
determined. A point mutation at codon 12 or 13 in coding exon
1 or at codon 61 in exon 2 has been known to activate the
transforming potential of the HRAS1 gene (42). The nucleotide
sequences of the HRAS1 gene of tumor 1 in the regions involved
in activation of the protooncogene are the same as those of the
normal gene. We did not find any nucleotide substitution in the
other portion of exons 1 and 2 or in the whole regions of coding
exons 3 and 4.

DISCUSSION

In this work we analyzed the DNAs from two pancreatic
tumors, tumor 1 and tumor 2, that developed in a 36-year-old
male patient with MEN type 1 using probes for 19 protoonco-
genes and those for 45 polymorphic chromosomal loci. The
two tumors were histologically different and tumor 1 produced
GHRH ectopically, while tumor 2 did not (36, 37). Therefore,
we concluded that the two tumors developed independently
even though present in the same pancreas. As the two tumors
originated from cells carrying the same genetic background, we
examined the possibility of the presence of the common aber
ration in the DNAs from these tumors, suggestive of a predis
position for tumorigenesis.

The genes thus far known to be involved in the development
of human cancers can be classified into at least two groups:
group 1 consists of activated protooncogenes, which produce
particular proteins with altered functions or in deregulated
amounts; group 2 consists of so-called suppressor genes. Inac-
tivation of particular genes and loss of active gene products
might contribute to the genesis of cancer cells. To date, more
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Table 2 Loss of heterozygosity on chromosome Up in two pancreatic tumors

Chromosomelipllq1234578910121314IS1718192022XYGenesymbolHRAS1INS1GF2DI1S12HBG1HBG2PTHCALCACATD11SISIPGAINT2APOAlETS1MYCLAT3D2S44D3S2SSTD4S125D5S2CSF1RMETMOSTGMYCD9SID9S7RBP3D10S5P

LAUDIOS26D10S14KRAS2D13S1D13S2D14S16D14SI9DISSID17S1D17S30DISSID19S7D20S5D22SÃŒDXYSlAlÃele

presentLeukocyte1/2ai2111/21/221/212221/21/2211/211221/21/21/2â€”1121/221/21/21/2321/21â€”1/21/21/211/2Tumor

11_1211222212221/21/2211/211221/21/22â€”1121/221/21/21/2321/21â€”1/21/21/211/2Tumor21â€”12111/21/22212221/21/2211/211221/21/21/2â€”1121/221/21/21/2321/21â€”1/21/21/211/2

a Homozygosity revealed by VNTR probes.

than 40 genes have been identified as possible protooncogenes
(42). Although a high incidence of activation of particular
protooncogenes has been known in some human cancers, e.g.,
Burkitt's lymphomas (see Refs. 42 and 43 for reviews) and

colorectal cancers (44, 45), DNA aberrations related to activa
tion of protooncogenes of group 1 have not been observed very
often in general human cancers. On the other hand, loss of
heterozygosity at particular chromosomal loci has been found
in a variety of human cancers (7-30,34), suggesting the involve
ment of group 2 genes in the development of human cancers.

PGA

-3.5

DXYS1 -2.3

EcoRI

B

Fig. 2. Retention of the copy number of the PGA alÃeleon chromosome 1Iq.
In A, a Southern blot was hybridized with a 32P-labeled probe for the PGA locus.
The blot was then freed of probe in alkali and rehybridized with a DNA fragment
from the DXYSl locus as a control probe. In B, grain density on autoradiographs
was quantitated by densitometric tracing using an Fujiox FD-AIV densitometer
(Fujiriken, Japan). After correction for differences in amount of DNA in the
lanes using the signals detected by the DXYSl probe, the signals from the 3.5-
kilobase band of the PGA locus are shown. Lanes 1, 2, and 3 contain the digests
of DNAs from leukocytes, tumor 1, and tumor 2, respectively.

First, we examined DNAs from the pancreatic tumors for
amplification or rearrangement of group 1 genes. However, we
could not find any aberration in 19 representative protoonco-
genes except loss of heterozygosity at the HRAS1 locus in the
two tumors. Furthermore, the high molecular weight DNAs
from the two tumors did not show any transforming activity,
when they were transfected into mouse NIH3T3 fibroblast cells.

The finding of the loss of the HRAS1 gene in the tumors
prompted us to examine the DNAs for loss of particular genes
of group 2. With the 45 polymorphic probes used, we found
that some loci on chromosome lip showed loss of heterozy
gosity in the DNAs of both tumors. In tumor 1, loss of heter-
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ozygosity was observed at the loci for HRAS1, PTH, CALCA,
and D11S151 while in tumor 2 the loss was limited to the
HRAS1 and D11S151 loci. The patient was homozygous at the
loci for INS, IGF2, HBG1, HBG2, and CAT on chromosome
11p and the genotypes at these loci were uninformative. Because
the loci analyzed are located in the order, HRAS1, PTH,
CALCA, and D11S151, from the telomere to the centromere
on chromosome lip, the observed loss of heterozygosity indi
cated that the region at least from the HRAS1 locus to the
D11S151 locus was deleted in one of the two chromosome 1Is
in tumor 1. On the other hand, in tumor 2, the two separated
regions at the HRAS1 and D11S151 loci were deleted. Thus,
the two independent tumors share a common feature that the
regions at the HRAS1 and D11S151 loci are lost and moreover
the same alÃelesof H RASI and DU SI 51 (alÃele2 and alÃeleI,
respectively) are deleted. The losses of genes on 1Ip in the two
pancreatic tumors do not seem to be a random phenomenon,
because on analysis of chromosomal loci other than those on
1Ip, heterozygosity at 14 of 15 informative loci was found to
be preserved. The one exception was the D9S1 locus on chro
mosome 9 which showed loss of heterozygosity in tumor 1, but
not in tumor 2. Recently Larsson et al. (35) mapped the MEN
type 1 gene to chromosome llq at the PYGM locus and
reported a 50% reduction of autoradiograph signals at all loci
studied on chromosome 11 in MEN type 1-associated insuli-
nomas. Our densitometric analysis revealed the presence of two
copies of the alÃelesat loci analyzed on lip in tumor 1 and
tumor 2, indicating that the loss of the lip genes was followed
by reduplication of the remaining alÃeles.The patient was
homozygous at all llq loci analyzed and therefore we could
not conclude loss of region on llq. However, the copy member
of the PGA gene at Ilql3 close to the proposed MEN type 1
gene was two in each tumor.

Activated RAS family genes (HRAS1, KRAS2, and NRAS)
have been found in various human cancers (42). Activation of
proto-RAS oncogenes can be brought about by a point mutation
causing an amino acid substitution at position 12, 13, or 61.
Moreover, amplification of the mutated alÃeleof RAS family
genes has been found in human cancer tissues (46) and human
tumor cell lines (47, 48). In several other human tumor cell
lines, loss of normal alÃeleswas found to be associated with
activation of a RAS family gene (49-52). These observations
suggest that overexpression of the mutated RAS gene above the
normal alÃeleprovides the cancer cells with an advantage for
enhanced growth. From those features of RAS family genes, we
thought that the remaining alÃeleof the RAS gene in the two
pancreatic tumors might carry a genetic abnormality. To elu
cidate this point, we determined the nucleotide sequence of the
remaining HRAS1 alÃele.However, we did not detect any nu
cleotide substitution in any of the four coding exons of the
gene.

Losses of heterozygosity at loci on chromosome lip have
been observed in several human cancers including Wilms' tumor

(10-13), bladder carcinoma (24), breast carcinoma (25, 26),

rhabdomyosarcoma (53), and lung carcinoma (54), suggesting
the involvement of recessive genetic changes of sequences on
chromosome lip in the development of these cancers. In this
connection, it is noteworthy that the existence of genetic infor
mation on chromosome 11 that can suppress tumorigenic
expression has been suggested, based on the introduction of a
normal human chromosome 11 into a Wilms' tumor cell line

(55) and HeLa cells (56). If loss of heterozygosity at loci for
HRAS1 and/or D11S151 on lip is involved in genesis of the

pancreatic tumors, a recessive genetic mutation in the region
must be considered.
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