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c-K-ras is activated by mutation at codon 12 in the
majority of human pancreatic carcinomas of
ductal but not acinar phenotype. The Ela-l-myc
transgene when expressed in transgenic mice in-
duces pancreatic carcinomas ofboth acinar and
mixed acinar/ductalphenotype. The histopathol-
ogy of 110 pancreatic carcinomas were charac-
terized in this modeL A highpercentage ofthe low
to moderately differentiated acinar ceU carcino-
mas contain areas ofductal metaplasia. The lat-
ter tumors and several well-differentiated acinar
tumors were evaluatedfor c-K-ras mutation to de-
termine whether there is a relationship between
the ductal phenotype and c-K-ras mutation. The
polymerase chain reaction and allele-specific oli-
gomer hybridization were used to determine
whether the c-K-ras gene was mutated at codons
12, 13, or 61. Ampli,JedDNA productsfrom these
tumors were also evaluated by single strand con-
formationpolymorphism analysis. Only wild-type
c-K-ras was found in these tissues. Not finding
c-K-ras mutation in tumors containing ductalmor-
phology indicates that c-K-ras mutation is not a
requiredfactorforacinar to ductalmetaplasia or
a factor in the tumorigenesis ofpancreatic tu-
mors that arise in acinar tissue. (Am J Pathol
1994, 145:696-701)

mutation in codon 12 of the c-K-rasgene.3 In our labo-
ratory4 and in that of Lemoine et a15 the incidence of
c-K-ras mutation in human carcinomas of the acinar
cell type has been found to be much lower. Animal
models for pancreatic carcinoma reflect this relation-
ship between c-K-ras mutation and cell phenotype.
c-K-ras activation by mutation at codon 12 is detected
in early and late stage ductal adenocarcinomas, aris-
ing in the Syrian golden hamster/nitrosamine
model.6k8 However, the c-K-ras gene does not con-
tain codon 12 mutation in acinar cell pancreatic car-
cinomas arising in the rat/azaserine model9 as well as
in the Ela-1-SV40T transgenic mouse model.10

Recently, a transgenic mouse model was estab-
lished in which transformation was directed at the aci-
nar tissue of the pancreas by placing the expression
of the c-myc gene under the regulation of the murine
elastase 1 promoter.11 Unexpectedly, with increasing
age of the transgenic mouse, pancreatic carcinomas
of mixed acinar/ductal phenotype and pure acinar
phenotype developed. Recent in vitro studies of aci-
nar tissue suggest that normal human acinar
cells12,13 are capable of converting to ductal pheno-
type. The Ela-1-myc transgenic mouse line provides
an in vivo model for determining whether acinar to
ductal transdifferentiation is a significant event in pan-
creatic tumorigenesis. The histopathological charac-
teristics of the pancreas, based on the study of 110
tumors in an Ela-1-myc transgenic mouse line, are
presented in this report. The status of mutation in
codons 12, 13, and 61 of the c-K-ras gene is evalu-
ated in DNA extracted from 17 of these tumors, 2 liver
metastases, and 1 nontumorous pancreas. We report
the absence of mutation in all tumors and metastases
including those with ductal cell metaplasia.

The exocrine portion of the pancreas consists of two
major tissue components; 80% acinar and 10% duc-
tal tissue.1 The majority of carcinomas of the human
exocrine pancreas are classified as ductal adenocar-
cinomas and are considered to be of ductal origin.2
Of these tumors, a high percentage (75%) contain a
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Materials and Methods
Transgenic Mice

Founder pairs from the transgenic mouse line des-
ignated as 1195-3, Tg(Ela-1-myc)Bril59 were ob-
tained from Dr. Ralph Brinster.11 Animals were housed
and fed as previously described.14 Male transgenic
mice carrying the Ela-1-myc transgene were mated
with C57B1/6 x SJL females. The offspring were

screened for the transgene using the polymerase
chain reaction (PCR). The human growth hormone
portion of the transgene was amplified from DNA ex-

tracted from tail clips. Primers defined a 95-bp prod-
uct. The detection of this product in ethidium
bromide-stained 2% agarose gels indicated an af-
fected animal.

Tissue Samples and Cell Lines

Tissues for histological study and DNA isolation were
harvested from mice of both sexes at the time of au-

topsy. Individual tumors were dissected free from
other tumors and nontumorous pancreas. A portion of
each tumor, the rest of the pancreas, and portions of
liver and lung were prepared for histological study by
fixation in buffered formalin. The remainder of the tu-
mor was frozen at -70 C for DNA isolation. DNA was

isolated using a modification of the method described
by Sambrook et al.15 Quantitation was by spectro-
photometric analysis. The 1 10 Ela-1 -myctumors were

analyzed for histopathological characteristics. Of
these, 7 tumors were analyzed for c-K-ras mutation.
Three of 17 of these acinar cell tumors had no ob-
servable ductal component. Two tumors were esti-
mated to be 5 to 10% ductal and the remaining 12
tumors ranged between 15 and 80% ductal.

Positive control DNAs that contain a spectrum of
c-K-ras mutations that were prepared and referenced
previously10'16 are as follows: Calu-1 with a heterozy-
gous p1 mutation (G -- T) in codon 12 and PR31 0 with

a homozygous p3 mutation (A-- T) in codon 61, both

from human lung carcinomas, and ASPC 1 with a ho-
mozygous p2 mutation (G -- A) in codon 12 from a

human pancreatic tumor and hamster tumor DNA,
PDAC, with a heterozygous p2 mutation (G -- A) in

codon 13. Normal human DNA isolated from circu-
lating blood leukocytes and normal BALB/c mouse

DNA isolated from liver served as controls for the wild-
type c-K-ras gene.

DNA Amplification

All reagents except for bovine serum albumin, mag-

nesium, and the specific primers are contained in the

GeneAmp DNA amplification reagent kit (Perkin
Elmer Cetus, Norwalk, CT) or from GIBCO BRL
(Grand Island, NY). Primers surrounding codons 12
and 13 define a 91-bp fragment of the c-K-ras gene.
The primers were chosen to be fully homologous to
the mouse and the human c-K-ras sequence.17 The
sequence of the 5' primer is 5'GCCTGCTGAAAAT-
GACTGA3'. The sequence of the 3' primer is 5'TGAT-
TCTGAATTAGCTGTAT3'. Primers surrounding codon
61 define a 94-bp fragment of the c-K-ras gene. The
sequence of these primers has been published.9 The
human and mouse sequences surrounding codon 61
are identical. Conditions used for PCR, including re-
agents and thermal profile, have been published.16

Allele-Specific Oligonucleotide
(ASO) Hybridization

ASO hybridization was performed according to
Schaeffer et al.16 This assay has been shown to be
sensitive enough to detect a mutation if it occurs in at
least 5% of cells within a population.18 Probes spe-
cific for the wild-type allele, position 1 and 2 base
substitutions affecting codons 12 and 13, and posi-
tion 1 to 3 substitutions affecting codon 61 of c-K-ras
were included in the analysis. Sequences of the 20-
mer oligonucleotide probes for codons 12 and 13 are
complementary to the coding strand of exon 1
(codons 9 to 15) of c-K-ras.16 The following are the
oligonucleotide probe sequences for exon 2 includ-
ing codons 58 to 64 for codon 61. Codon 61 is un-
derlined with slashes indicating mixed nucleotides:
61WT probe, 5'TACTCCTCTTGACCTGCTGT3';
61 P1 probe, 5'TACTCCTCTTA/C/TACCTGCTGT3';
61P2 probe, 5'TACTCCTCTA/C/GGACCTGCTGT3';
61 P3 probe, 5'TACTCCTCC/A/GTGACCTGCTGT3'.

Single Strand Conformation Polymorphism
(SSCP) Analysis

SSCP was performed on amplified DNA containing
c-K-ras codons 12, 13, and 61, as described in
Kuhlmann et al.10

Sequencing

The modified dideoxy chain termination method of
Sanger et a1'9 was used for DNA sequence analysis,
according to the Sequenase protocol (U.S. Biochemi-
cal, Cleveland, OH).
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Results

Histopathology

In the pancreas of Ela-1 -myc mice, carcinomas begin
as small groups of phenotypically similar acinar cells
(less than 1 mm in diameter) that may show significant
failure to achieve normal differentiation. These early
foci of atypical cells often develop around islets.
Larger neoplasms may show some heterogeneity of
cell type with variable degrees of acinar cell differ-
entiation in a single tumor. The acinar cell carcinomas
fall into groups as indicated in Table 1. A small fraction
are well differentiated (Figure 1). (Note: All photomi-
crographs are from pancreatic carcinomas of Ela-1-
myc transgenic mice.) A large fraction shows a low to
moderate degree of acinar cell differentiation and
contains abundant apoptotic cells (Figure 2). Thtap-
optotic cells were shrunken and separated from sur-

rounding apparently living cells and had condensed
nuclear chromatin. These changes were interpreted
as death of individual cells in the absence of general
changes of necrosis. Another group maintains a mod-
erate degree of acinar cell differentiation but fails to
show a significant amount of apoptosis (Figure 3).
Rarely these patterns appear in a single tumor so that
an isolated area may have conspicuous apoptosis,
whereas other areas have little or none. Poorly differ-
entiated acinar cell carcinomas without apoptosis oc-

cur but are rare (Figure 4).
A large fraction of tumors develop areas of des-

moplasia and ductal metaplasia (Figures 2, 5, and 6).
Desmoplasia and ductal metaplasia develop in the
low to moderately differentiated acinar cell carcino-
mas, usually in tumors that show apoptosis. Ductal
areas can be the dominant pattern or may represent
a small fraction of the total tumor. Thus, the fraction of
total tumor that shows a ductal phenotype varies from
low (-5%) to high (-95%). No neoplasm of pure duc-
tal phenotype has been identified. A few of the
spaces lined by ductal cells become quite large (Fig-
ure 7) but none of the neoplasms have been grossly
cystic. Ductal metaplasia has not been noted in well-
differentiated acinar cell carcinomas.

Table 1. Phenotypic Classification of Carcinomas of the
Pancreasfrom Ela-1-myc Transgenic Mice

Figure 1. Well-differentiated acinar cell carcinoma. There is a mod-
est amount ofstroma (H & E, X 125).

Figure 2. Moderate to poorly differentiated acinar cell carcinoma
with apoptosis. A few ductal structures are present (arrows) (H & E,
x 125).

Figure 3. Moderately differentiated acinar cell carcinoma (left)
metastatic to the liver (right) (H & E, X 125).

Histological Pattern N %

Acinar cell carcinoma Chronic pancreatitis and pancreatic atrophy are

Well differentiated 8 7.3 frequently noted in the pancreases with large or mod-
Moderate with little or no apoptosis 6 5.4 erate size carcinomas. It is assumed that this reflects
Poorly differentiated 1 0.9
Poor-moderate with apoptosis 22 20 duct obstruction by the tumor, although milder de-
With ductal metaplasia 73 66.4 grees of fibrosis occur in the absence of large car-
Total 110 100 cinomas.
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Figure 4. Poorly differentiated acinar cell carcinoma. Th-e amount
ofstroma is minimal (H & E, X 125).

A s '7fr,t"
Figure 5. Moderately differentiated acinar cell carcinoma with ap-
optosis and ductal metaplasia (right) (H & E, X 125).

Metastases have been identified in lymph nodes,
liver, and lung. Metastatic carcinomas have been
moderately differentiated acinar cell type with or with-
out ductal metaplasia (Figure 3).

Status of c-K-ras

Seventeen pancreatic carcinomas, two moderately
well-differentiated acinar liver metastases, and one
pancreas from an unaffected mouse were evaluated
for mutations in codons 12, 13, and 61 of the c-K-ras
gene. Three of the pancreatic tumors were charac-
terized as well to moderately well-differentiated aci-
nar cell carcinomas and 14 were characterized as
acinar cell carcinomas with ductal metaplasia.
Ethidium bromide-stained PCR products were ob-
served at 91 bp (K12/13) and 94 bp (K61) positions
on 2% agarose gels for all DNAs analyzed. PCR prod-
ucts were transferred to nylon blots. Autoradiograms
of these blots probed for wild-type codons 12, 13, and
61 indicated successful transfer of all products as
well as the presence of wild-type c-K-ras codons 12,

k%- r;

Figure 6. Area of ductal metaplasia with well-differentiated colum-
nar cellsfrom a carcinoma (H & E, X 125).

Figure 7. Area of ductal metaplasia wtith cystformation from a car-
cinoma (H & E, X 125).

13, and 61 in all DNAs. Autoradiograms of identical
blots probed with oligonucleotides containing a mix-
ture of all possible mutations for c-K-ras codons 12,
13, and 61 were devoid of signals in those lanes con-
taining transgenic mouse DNA. Control DNAs on
each blot yielded signals when hybridized with the
appropriate mutated probe, indicating that conditions
for hybridization and autoradiography were sufficient
for detection of mutation. These negative data are not
shown here. Examples of signals obtained for control
DNAs versus absence of signal for sample DNAs
have been published from this laboratory.10,16
The above results were confirmed through SSCP

analysis. There was no evidence of mutation in
codons 12 and 13 in any of the amplified DNAs from
transgenic mouse tumors. The banding pattern ob-
tained for amplified DNA from two representative
transgenic mouse tumors compared with normal
mouse DNA and mutated control DNAs (Calu-1 and
ASPC-1) is shown in Figure 8, A. The banding pattern
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Figure 8. SSCP analysis was performed on the 91- and 94-bp frag-
ments containing c-K-as codons 12, 13 (A), and 61(B), respectively,
amplifiedfrom the indicated DNA sources. Te banding patternfor 2
of the 17 Ela-1-rnyc tumors along with controls is pictured here. A:
Lanes 1 and 2, mixed acinar and ductal cell carcinomas. Lane 3,
ASPC1, human carcinoma. Lane 4, Calu-1, human carcinoma.
Lane 5, empty. Lane 6, BALB/c mouse liver B: Lanes 1 and 2, same
mixed acinar and ductal carcinomas as in (A). Lane 3, BALB/c
mouse liver. Lane 4, PR310 human lung carcinoma.

of amplified DNA for codon 61 from 15 of the 17 trans-
genic mouse tumors was identical to amplified normal
mouse DNA at codon 61. An autoradiogram showing
the banding pattern for two representative tumors is
presented in Figure 8, B. The remaining two tumors
and the two liver metastases showed an identical ex-
tra band that did not correspond with the wild-type
banding pattern. Direct sequencing of the c-K-ras
codon 61 PCR products obtained from these tumors
confirmed the absence of mutation at codon 61 origi-
nally observed by ASO hybridization (data not
shown). In addition, the remainder of readable se-
quence along the PCR fragment did not vary from wild
type.

Discussion
The histopathology of pancreatic carcinomas arising
in Ela-1-myc mice is significantly different than that
described in the Ela-1 -SV40T transgenic mice.14 Aci-
nar cell carcinomas of varying differentiation are seen
in both models but the spectrum of histological varia-
tion is narrower in the Ela-1 -myc mice. In particular we
have not seen examples of the microcystic, macro-
cystic, and undifferentiated patterns that are seen in
exocrine tumors of Ela-1 -SV40T transgenic mice. Nor
have islet cell tumors been found in the Ela-1-myc
mice.
We have encountered two patterns that are not

seen in Ela-1-SV40T mice. These are the acinar cell
carcinomas with ductal metaplasia and acinar cell
carcinomas with rampant apoptosis. Ductal metapla-
sia occurs in acinar cell carcinomas that are moder-
ately to poorly differentiated and show conspicuous
apoptosis. We do not see squamous metaplasia in the
ductal carcinomas to the degree described by
Sandgren et al.11 The mixed acinar-ductal phenotype

has been seen in metastatic foci. This could reflect
simultaneous metastatic spread of both cell types or
ductal metaplasia in an acinar cell population after
metastasis. The latter possibility seems more likely
because some of the metastases lack evidence of
ductal metaplasia but none shows a purely ductal
phenotype.
The data reported here indicate that pancreatic

acinar cell carcinomas arising in the Ela-1 -myc trans-
genic mice do not contain mutations at codons 12,13,
or 61 of the c-K-ras gene. This model, however, differs
from the rat/azaserine model20 and the Ela-1-SV40T
transgenic mouse model21 in that the majority of tu-
mors occurring in mice over 10 weeks of age contain
ductal metaplasia.

There are two concerns when analyzing for a mu-
tation in the DNA of a mixed population of cells, in this
case acinar, ductal, and stromal cells. Is the percent-
age of target cell component of the total population of
cells high enough for mutation detection? In sampling
these tumors for DNA preparation, will the ductal
component of the tumor be missed if it represents only
a small percentage of the total tissue? In this study, 6
of 12 tumors with ductal metaplasia were more than
25% ductal. If a mutation were present in the ductal
cells it would have certainly been detected in these
tumors given that the ASO assay is sensitive down to
5%. Using identical conditions for ASO as in this
study, the c-K-ras mutation was detected within a
population of cells, the majority of which were stromal
and the minority of which were the target ductal epi-
thelium in small pancreatic adenocarcinomas.16 The
majority of the tumors with ductal components
sampled in this study were highly mixed with the cen-
tral portion of the tumor having a higher fraction of
acinar component and the periphery having a pre-
dominance of ductal component and fibrous tissue
(Figure 5). For these tumors, it seems impossible to
have taken a random sample that would consist ex-
clusively of either ductal or acinar components. Thus,
the absence of c-K-ras mutation in pancreatic tumors
that originate in acinar cells but contain neoplastic
cells of ductal phenotype suggests that c-K-ras mu-
tation is not a factor in the origin or progression of
tumors that arise in acinar cells whether or not they
undergo ductal cell metaplasia.
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