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Pancreatic serous microcystic adenomas (SCAs) are
rare, benign tumors with a striking female prefer-
ence. Virtually no information is available about chro-
mosomal or genetic anomalies in this disease. We
performed extensive molecular characterization of 21
cases of formalin-fixed, paraffin-embedded sporadic
SCAs consisting in genome-wide allelic loss analysis
with 79 microsatellite markers covering all 22 auto-
somes, assessment of microsatellite instability, and
mutational analysis of the VHL, K-ras , and p53 genes
in nine cases for which frozen tissue was available.
Although no case showed microsatellite instability of
the type seen in mismatch repair-deficient tumors, a
relatively low fractional allelic loss of 0.08 was found.
Losses on chromosome 10q were the most frequent
event in SCAs (50% of cases), followed by allelic
losses on chromosome 3p (40% of cases). Moderately
frequent losses (>25% of cases) were found on chro-
mosomes 1q, 2q, and 7q. The VHL gene, located on
chromosome 3p, had somatic inactivating mutations
in two of nine cases (22%), whereas no mutations
were found in either K-ras or p53, in agreement with
the finding that all 21 cases stained negative for p53
by immunohistochemistry. Our study indicates that
the involvement of chromosomal arms 10q and 3p is
characteristic of SCAs and that the VHL gene is in-
volved in a subset of sporadic cases. (Am J Pathol
2001, 158:317-321)

Pancreatic microcystic serous cystadenomas (SCAs) are
rare exocrine tumors composed of small cysts lined by
glycogen-rich cells. The disease has a definite female
preference, generally has a benign clinical course, and
may present itself either sporadically or as part of von
Hippel-Lindau (VHL) syndrome.™?

There is almost no information available regarding the
chromosomal and molecular alterations giving rise to this

disease. Mutations in codon 12 of the K-ras gene have
not been found in a total of 11 cases of SCAs ana-
lyzed.®>® Likewise, no tumor was found to stain for p53
protein by immunohistochemistry in seven cases® and no
mutations in p53 were detected in three cases analyzed.®
On the assumption that the sporadic and VHL-associated
cases of SCA may involve the same molecular targets,
another study analyzed 10 sporadic tumors for allelic loss
at the VHL locus and for alterations of the VHL gene; six
cases (60%) were found to have loss of heterozygosity
(LOH) on chromosome 3p and one case had a somatic
silent mutation in the VHL gene.®

The multistep process of carcinogenesis involves the
progressive alteration of oncogenes and tumor suppres-
sor genes. As the inactivation of these latter commonly
occurs by mutation and/or deletion, the chromosomal
regions harboring potential tumor suppressor genes can
be identified by LOH analysis using polymerase chain
reaction (PCR) ampilification of polymorphic microsatellite
repeats in tumor and matched-normal DNA. When anal-
ysis of LOH is extended to multiple chromosomal arms, a
distinct allelotype is generated.

Here we present the allelotype of SCA obtained by
genome-wide allelic loss analysis of 21 cases each ana-
lyzed with 79 microsatellite markers. This analysis is com-
plemented with by the assessment of microsatellite insta-
bility and the mutational analysis of the VHL, K-ras, and
p53 genes.

Materials and Methods
Tumor Samples and DNA Extraction

Twenty-one serous cystic adenomas of the pancreas
were studied from a total of 72 formalin-fixed paraffin-
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embedded cases available from the files of the Depart-
ment of Pathology at the University of Verona. The cases
subjected to molecular analysis were selected according
to strict criteria consisting in an exclusive microcystic
histological subtype, which would permit their microdis-
section to a high cellularity. Thus, all macrocystic lesions,
the microcystic variant with low cellularity in which the
epithelial component is only a small proportion of unit
volume having a relatively high stromal cell content into
the intracystic septae, and those tumors with extensive
epithelial denudation of the cysts and/or marked stromal
cell component were excluded form the study. All of the
21 SCAs under study were well circumscribed, had a
central scar, and had cysts <1 cm in diameter. The
median patient age was 61 years (range, 49 to 72 years);
19 tumors were from female patients. The average tumor
diameter was 5.6 cm (range, 2.5 to 10 cm). Five tumors
originated from the head, nine from the body, five from
the body-tail, and two from the tail. As no case was
associated with VHL syndrome, all tumors were consid-
ered sporadic. Normal and tumor DNA were obtained by
microdissection in all 21 cases from paraffin-embedded
sections as described.” Based on microscopic assess-
ment, neoplastic cellularity of at least 90% was obtained
in all cases. The presence of p53 protein nuclear accu-
mulation was examined using anti-p53 monoclonal anti-
bodies as previously described.® Nine tumors also had
frozen tissue available and in four cases cryostat enrich-
ment to a neoplastic cellularity of >70% was possible.

Allelic Loss Analysis

The primers used were from the ABI Prism Linkage Map-
ping Set version 1 or 2 (Perkin-EImer, Emeryville, CA).
PCR products were pooled and electrophoresed on an
ABI 377 DNA sequencer. Only microsatellites showing
two distinct alleles in normal DNA were considered as
informative. For these, the intensity of the fluorescent
bands of tumor was compared to that of matched-normal
DNA. LOH was scored when there was at least a fivefold
difference in the ratio of the intensities of the two alleles in
tumor and matched-normal DNA. Microsatellites showing
differently sized alleles compared with their respective
normal sample were scored as instable. All cases were
also analyzed for microsatellite instability using the mark-
ers BAT-25 and BAT-26.° In four cases for which high
molecular weight DNA was available, chromosomal arms
3p and 10g were analyzed in detail using markers from
the ABI Prism Linkage Mapping Set version 1 (Perkin-
Elmer) (arm 10qg, 11 markers) or 2 (arm 3p, 11 markers).

Mutational Analysis by PCR-Single-Strand
Conformational Polymorphism (SSCP)

General conditions used for PCR amplification and SSCP
have been described.’® The nine cases for which frozen
tissue was available were analyzed for mutations in the
VHL, K-ras, and p53 genes. For the VHL gene, exon 1 was
amplified in two overlapping fragments, whereas exons 2
and 3 were amplified in their entirety. The primer pairs

Table 1. Microsatellite Markers Used for Study of SCA

D15255 D6S289 D1151338 D185452
D1S2667 D6S470 D11S935 D18S59
D152785 DeS287 D115908 D18S63
D1S2800 D6S434 D11S937 D18S70
DeS446 D18S1161
D252368 D12S336
D25165 D75493 D12S346 D19S8221
D25112 D7S507 D19S884
D25117 D7S510 D135285 D19S210
D75669 D135158 D19S414
D351566 D75798
D3S1289 D14S275 D20S112
D351263 D8S258 D145258 D20S889
D3S1262 D8S264 D20S171
D351565 D8S270 D155978 D20S195
D8S514 D15S51007
D452935 D215266
D4S51592 D9S171 D16S423 D21S263
D45402 D9S161 D16S3075
D4S1572 D9S164 D16S3136 D225283
D9S273 D16S3091 D22S539
D55406
D55433 D10S189 D175921
D5S424 D10S249 D17S831
D10S212 D175949
D10S583 D17S785
D10S217

and the size of the amplified fragments are as follows:
exon 1A: VHL 1S, CCCGGGTGGTCTGGATCGCG, and
VHLN2AS, AGTTCACCGAGCGCAGCACG (228 bp);
exon 1B: VHLN3S, CCGAGGAGGAGATGGAGGCC, and
VHLN4AS, GCTATCGTCCCTGCTGGGTC (235 bp); exon
2, VHL5S, CTTTAACAACCTTTGCTTGT and VHLGAS,
TTACCACAACAACCTTATCT (195 bp); exon 3: VHL7S,
GAGGATTTGGTTTTTGCCCT, and VHL8AS, ACAGTG-
TAAGTTTCAACAGA (229 bp). Primers for amplification
of exon 1 of the K-ras gene'" and exons 5 to 9 of p53'2
were as described. Bands exhibiting aberrant migration
were cut from the gel, reamplified, and sequenced on an
ABI Prism 377 instrument. Results with SSCP analysis
were confirmed in two independent experiments.

Results

Generation of an Allelotype for SCA

Each of the 21 cases was analyzed for allelic loss using
79 microsatellite markers on all 22 autosomes (Table 1).
At least two markers were used per chromosomal arm
with the exception of 5p, 12p, and 12q for which only one
marker was used. Sixty-four percent of the 1,659 markers
analyzed were informative; 85 losses were observed
among the 1,066 informative markers. Representative re-
sults are shown in Figure 1 where examples of allelic loss
and retention are shown, which also demonstrates the
success of the enrichment procedure used (>90% in all
cases as assessed by microscopy). All cases showed at
least one allelic loss, although the individual fractional
allelic loss varied greatly (range, 0.02 to 0.31); the mean
fractional allelic loss was 0.08 calculated as the number
of allelic losses divided by the number of informative
markers. Detailed results for the individual chromosomal



AN T

Figure 1. Whole mount H&E-stained section of a SCA and example of
microsatellite analysis. In the high magnification picture of the tumor (X100)
it is to be noted that the proportion of neoplastic cells approaches 100% as
the cell component of the stroma is minimal in this tumor type. Cells were
microdissected from appropriate areas to obtain normal and tumor DNA and
processed for microsatellite analysis, an example of which is shown. N and
T indicate the electropherogram tracings from normal and tumor DNA,
respectively. The marker shown is D1S2800 in case SCA21. The success of the
enrichment procedure for tumor cells is exemplified by the complete loss of
one of the two alleles in the tumor DNA.

arm in each case is shown in Figure 2 along with the
resulting allelotype of SCAs. Allelic losses on chromo-
some 10g were the most frequent event in SCAs, ob-
served in ~50% of cases. Allelic loss involving chromo-
some 3p was also a relatively frequent event, seen in
~40% of cases. Moderately frequent losses (>25% of
cases) were found on chromosomes 1q, 2qg, and 7g. No
losses were observed on chromosomes 4p, 89, 129, 16p,
18, 20p, or 22, whereas the remaining chromosomes
showed varying, low degrees of allelic loss. No case
showed microsatellite instability of the type seen in mis-
match repair-deficient tumors, as assessed by analysis of
the markers BAT-25 and BAT-26.

A more detailed microsatellite analysis of the two chro-
mosomal arms, 3p and 10qg, found to be most frequently
altered in our allelotyping studies was performed on the
four cases having frozen tissue available and a neoplas-
tic cellularity >70%. This analysis confirmed the losses
on these chromosomal arms seen using paraffin-embed-
ded material, but the small number of cases did not
obviously permit definition of a smallest common deleted
region (data not shown).

Mutational Analysis of VHL, K-ras, and p53

The nine cases with high molecular weight DNA available
were analyzed for alterations in exons 1, 2, and 3 of the
VHL gene; exon 1 and 2 of K-ras; and exons 5 to 9 of p53
by PCR-SSCP analysis. Although no case had mutations
in either K-ras or p53, two cases (22%) had potentially
inactivating mutations in the VHL gene (Figure 3). In
particular, tumor SCA1 had a T-A substitution at codon 80
(AGT-AGA) resulting in Ser to Arg substitution and case
SCA18 had an insertion of T at codon 175 (TAC-TTAC)
resulting in a frameshift. Both mutations were somatic in
nature. The PCR-SSCP analysis was repeated in two
independent experiments with identical results. Our abil-
ity to detect mutations in the VHL gene under the condi-
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Figure 2. Allelic losses and allelotype of SCA. Detailed allelic losses in SCA
for individual chromosomal arms and cases are shown at the top. LOH are
indicated as black boxes, instabilities as gray boxes, and noninformative
markers by X. Proportion of losses and informative markers is indicated on
the right. The allelotype of pancreatic SCA is shown at the bottom. The
graph shows the percentage of cases showing allelic loss in at least one
informative marker used for each chromosomal arm.

tions used for PCR-SSCP analysis was also demon-
strated by the analysis of 15 cases of renal clear-cell
carcinoma in which mutations were found in eight cases
(53%; data not shown), a frequency expected from liter-
ature data.’® Although case SCA1 was not informative for
the marker analyzed at 3p25, tumor SCA18 showed LOH
at marker D3512638.

Discussion

By genome-wide microsatellite analysis of 21 SCAs we
have generated an allelotype for this uncommon pancre-
atic tumor. Our data show that: 1) SCA displays a mod-
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Figure 3. Representative examples of PCR-SSCP analysis of VHL. A: Exon 1B.
B: Exon 3. Only cases possessing bands with altered mobility are indicated.

erate number of allelic losses on selected chromosomes
with LOH on chromosomes 3p and 10g being the most
common events; 2) chromosome arms 1q, 2qg, and 7q
show moderate frequencies of allelic loss (>25% of cas-
es), whereas most of the remaining chromosomes show
much lower degrees of allelic loss varying from 5 to 20%;
3) no allelic losses were detected on chromosomes 4p,
8q, 12q, 16p, 18, 20p, or 22; 4) inactivating mutations in
the VHL gene were found in two of nine tumors tested.
The fact that no mutations in either K-ras or p53 were
found coincides with the data obtained in a smaller num-
ber of cases that have been previously analyzed.®™®
Moreover, all cases also scored negative for nuclear
accumulation of p53 as determined by immunohisto-
chemistry (data not shown), further confirming the ab-
sence of alterations in p53.

The most common molecular anomaly found in SCA
was the loss of genetic material on chromosome 10q,
seen in ~50% of cases. LOH on 10q is also found in
approximately one-half of pancreatic ductal cancers,
which are characterized by allelic loss on chromosomal
arms 9p, 17p, and 18q in nearly all cases.' Interestingly,
LOH on chromosome 10q has been found in follicular
thyroid tumors.'® Allelic loss on 10q has also been cor-
related with invasiveness of transitional cell carcinomas
of the bladder."® One possible candidate gene might be
PTEN, located on the long arm of chromosome 10 and
which is mutated in several cancers.'” It is unfortunate
that only a small number of cases had high molecular
weight DNA available for further localization of the chro-
mosomal regions involved in these losses.

Allelic loss on chromosome 3p was the second most
frequent event found in SCA. As microcystic tumors are
part of the von Hippel-Lindau syndrome and the VHL
gene is located on chromosome 3p25, it is reasonable to
believe that this gene may be altered in sporadic SCA. A
previous study found LOH on chromosome 3p25 in six of
10 cases analyzed in at least one of four markers tested.®
Among these 10 cases, one was found to have a somatic
silent mutation in the VHL gene.® Using three markers for
chromosome 3p, we found allelic loss in at least one
marker in 39% of cases. Analysis of nine cases by PCR-
SSCP found inactivating mutations in the VHL gene in two
tumors (22%). Mutations in the VHL gene have been
observed in 4 of 23 sporadic hemangioblastomas ana-
lyzed'®'® and in 4 of 48 cases of sporadic pheochromo-

cytomas.?® Thus the frequency of somatic mutations
found in SCA in our analysis is in line with what has been
found for other sporadic benign counterparts of familial
VHL tumors; ie, mutation of VHL is not an extremely
common event. However, alterations in VHL are found in
approximately one half of sporadic renal clear-cell carci-
nomas,'® a cancer type which is also part of VHL syn-
drome.

Among the three chromosomes showing relatively fre-
quent allelic losses, arm 7q is of particular interest. Allelic
losses on chromosome 7q were observed in ~30% of
SCAs. Genetic losses on the long arm of chromosome 7
have been found at relatively high frequency in other
benign tumors, including uterine leiomyoma?' and, nota-
bly, in ovarian serous tumors.??> A number of different
studies, including in vitro experiments and cytogenetic
analysis, have suggested that one or more tumor sup-
pressor genes are located on chromosome 7q.2%72° In-
terestingly, the gene coding for Cul7 also resides on
70.%%27 This gene is part of a complex (Skp1-Cul1-F-Box
protein) that has similarities to the VHL elongin complex®®
and its loss results in the dysregulation of cyclin E.2°

One interesting question is whether SCA shares chro-
mosomal or molecular events with pancreatic endocrine
tumors or ductal carcinoma. The mean fractional allelic
loss of 0.08 in SCA is much lower than that found in ductal
cancer (0.36)%° or pancreatic endocrine tumors (0.15),3"
and the allelotype of SCA does not resemble that of
pancreatic ductal or endocrine tumors.'32 The chromo-
somes showing most frequent LOH in our SCAs were 10q
(50%) and 3p (40%) followed by 1q, 29, and 7q (>25%).
This pattern is clearly distinct from that observed in pan-
creatic endocrine tumors, in which the most frequent
allelic losses are found on chromosomes 3q, 11p, and
16p with a frequency never exceeding 36%.2" Pancreatic
ductal carcinoma is characterized by highly frequent
losses at chromosomes 1p, 9p, 17p, and 18q."*32

In conclusion, the anomalies found by genome-wide
allelotyping indicate that chromosomal arm 10g may har-
bor a tumor suppressor gene involved in the pathogen-
esis of SCA. Our chromosomal deletion map also sug-
gests that SCA tumorigenesis involves molecular
pathways different from those occurring in more common
pancreatic tumor types, including mutation of the VHL
gene in a subset of sporadic cases.
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