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Pancreatic mucinous noncystic (colloid) carcino-
mas (MNCC) differ from the usual ductal adenocar-
cinomas in theirmucin expression profile and share
with many extrapancreatic mucinous carcinomas
the expression of MUC2. Because mucinous carci-
nomas are frequently associated with mutations of
the DNA mismatch repair genes, causing them to
exhibit the so-called mutator phenotype, we de-
cided to investigate whetherMNCCs of the pancreas
are characterized bymicrosatellite instability (MSI).
Twelve carcinomas with a mucinous phenotype (8
mucinous noncystic carcinomas, 3 intraductal
papillary-mucinous carcinomas with an invasive
muconodular component, and 1 ductal adenocarci-
noma with an extensive mucinous noncystic com-
ponent) and 11 ductal adenocarcinomas were im-
munostained with monoclonal antibodies to the
mismatch repair gene products hMLH1, hMSH2,
and hMSH6. For MSI analysis, DNA was isolated
from microdissected tissue, and five primary mic-
rosatellites (BAT 25, BAT 26, D5S346, D17S250, and
D2S123) were analyzed. MSI was diagnosed in case
a novel allele was found, compared with the normal
tissue. The criterion for LOH was a 75% signal re-
duction. All carcinomas tested exhibited nuclear ex-
pression of mismatch repair gene products, except
for one MNCC that also showed MSI at the molec-
ular level. The data suggest that pancreatic carcino-
mas with amucinous phenotype (MUC2�/MUC1�)
do not appear to normally exhibit mutations in the

mismatch repair genes and therefore differ in their
carcinogenesis from those in other organs.
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The WHO classification lists mucinous noncystic
(colloid) carcinomas (MNCC) of the pancreas as a
variant of ductal adenocarcinoma (DAC). Recently,
MNCCs were characterized on the basis of their
clinicopathological features and their mucin ex-
pression profile (1, 2). The prognosis of MNCCs is
better than that of DACs (1). Most, if not all, MNCCs
seem to derive from Type 1 intraductal papillary-
mucinous neoplasms (IPMN), which are character-
ized by the expression of MUC2 only, a villous
arrangement of the dark, columnar tumor cells,
and, if invasive, a muconodular component (2).
Like Type 1 IPMNs, MNCCs are positive for glyco-
protein MUC2. This distinguishes them from the
MUC1-positive DACs. MNCCs also seem to differ
from DACs in their lower frequencies of K-ras or
p53 mutations (1). The carcinogenesis of DACs has
been shown to comprise a stepwise accumulation
of molecular alterations (2–4). Thus DACs seem to
follow the tumor suppressor pathway (5) or the
multistep model, according to Fearon and Vo-
gelstein (6, 7), that applies to the majority of carci-
nomas. Exceptions to the rule are carcinomas
showing a mucinous phenotype (8). They fre-
quently follow a different pathway, exhibiting mi-
crosatellite instability (MSI) and the so-called mu-
tator phenotype (9). MSI results from mutations of
the mismatch repair (MMR) genes (hMLH1,
hMSH2, hMSH6, hPMS1, and hPMS2) (10). It is
characterized by an expansion or reduction within
short tandem repeats (11). MSI and mutations of
the MMR genes are the genetic background of the
hereditary nonpolyposis colon carcinoma syn-
drome (HNPCC; 11–13). The HNPCC-associated co-
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lon carcinomas frequently reveal a distinct mor-
phology, in that they are of a medullary or
mucinous phenotype (14, 15). Both types of carci-
noma, the medullary and the mucinous variant, are
rare in the pancreas. The Johns Hopkins group (16–
18) described a series of 18 medullary type carcino-
mas, 4 of which had MSI, and 12, wild-type K-ras.

The MSI status of MNCCs and related IPMNs has
not yet been determined. The purpose of the
present study was therefore to analyze these tumors
for the presence of mutations of the MMR genes
and for possible MSI.

MATERIALS AND METHODS

In a series of �630 pancreatic carcinomas from
the consultation files of one of the authors (GK), 12
carcinomas were found that showed an extensive
invasive mucinous component. From these, two to
six paraffin blocks were available. Eight carcinomas
were of the MNCC type, with a mucinous compo-
nent comprising �80% (including two cases with
an extensive signet ring cell component); three
were intraductal papillary mucinous carcinomas
(IPMCs) showing an invasive muconodular compo-
nent, and one was a DAC with a mucinous compo-
nent (comprising �50% of the tumor tissue). These
carcinomas and 11 DACs were investigated immu-
nohistochemically and by molecular analysis. In
three cases, the paraffin blocks were �18 years old.
In an earlier study investigating the mucin expres-

sion profile (2), the MNCCs and IPMCs included in
this study showed MUC2 positivity, whereas the
DACs were MUC1 positive (Table 1).

Immunostaining
Three-�m-thick sections were cut from at least two

representative tissue blocks from each tumor (in three
cases, only one block was available). Immunostaining
was performed as described elsewhere (2). Briefly,
antibodies against the mismatch repair gene protein
products, hMLH1 (Clone 14; Oncogene, Boston, MA;
dilution, 1:5), hMSH2 (Clone GB 12; Oncogene; dilu-
tion, 1:12.5), hMSH2 (Clone FE11; Oncogene; dilution,
1:12.5), and hMSH6 (Clone 44; BD Biosciences, Hei-
delberg, Germany; dilution, 1:50) were applied using
an immunostainer (Ventana NexES ICH, Ventana
Medical Systems, Tucson, AZ). To improve the stain-
ing sensitivity, a 3,3'-diaminobenzidine–enhanced
detection kit (Ventana) and an amplification kit (Ven-
tana) were employed. The staining intensity was ad-
ditionally enhanced using the Envision system
(DAKO, Hamburg, Germany). Antibody detection was
performed by adding biotinylated secondary antibod-
ies, avidin-biotin complex, and 3,3'-diamino-
benzidine. The three cases with old tissue blocks were
only partially stainable, even after repeated and pro-
longed demasking of the antigen by pressure cooking.
The various components of the IPMCs, i.e., borderline
tumor, intraductal carcinoma, and invasive carci-
noma, were evaluated separately. Tumor-free adja-

TABLE 1. Clinicopathological Features, Immunoprofiles, and Microsatellite Instability (MSI) of Mucinous Noncystic

Carcinomas (MNCCs), Intraductal Papillary Mucinous Carcinomas (IPMCs), and Ductal Adenocarcinomas (DACs) of

the Pancreas

Case Diagnosis Age Stage
MUC

Immunoprofile
MMRP

Immunoprofile
MSI

1 MNCC 56 T2N1 MUC2� �* �
2 MNCC 62 T2N1 MUC2� � �
3 MNCC 73 T1N1 MUC2� � �
4 MNCC 74 T2N0 MUC2� � �
5 MNCC 75 T3Nx MUC2� �* �
6 MNCC 39 T3Nx MUC2� � �
7 MNCC 80 T3N1 MUC2� � B.
8 MNCC 11 T4M1 MUC2(�) ** �
9 IPMC 77 T1N0 MUC2 � �

10 IPMC 77 T1 MUC2� � �
11 IPMC 58 T4 MUC2� � �
12 DAC*** 71 T3N1 MUC1� � �
13 DAC 61 T3N1 MUC1� � �
14 DAC 63 T3N1b MUC1� � �
15 DAC 81 T3N1 MUC1� � �
16 DAC 70 T4N1 MUC1� � �
17 DAC 53 T3N1 MUC1� � �
18 DAC 66 T3N1 MUC1� � �
19 DAC 65 T2N0 MUC1� � �
20 DAC 72 T3N1 MUC1� � �
21 DAC 45 T3N0 MUC1� � �
22 DAC 53 T3N0 MUC1� � �
23 DAC 65 T3N1b MUC1� � �

MMRP � mismatch repair gene products hMLH1, hMSH2 and hMSH6; * MLH 1 not stainable; ** no immunostaining possible; *** DAC with mucinous
component staining weakly for MUC2; B. � Bouin fixation; � � strong cytoplasmic staining, or nuclear staining; (�) � weak cytoplasmic staining of a
few cells.
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cent pancreatic parenchyma and tissue from colon
carcinomas served as controls.

Microdissection
From the tumor blocks, a representative 10-�m-

thick section was cut, and the tumor was microdis-
sected by needle scraping or by laser dissection
(Arcturus MWG, Munich, Germany). Approximately
1 cm2 of tumor tissue was digested with proteinase
K buffer at 48° C for 12 hours and then purified. PCR
was performed by the multiplex PCR method
(Boehringer Mannheim, Germany) or by using sin-
gle primers with fluorescence-labeled markers (19).
In Case 8, a rare case of carcinoma in a child (an
11-year-old Japanese boy), only H&E-stained slides
were available. The slides were uncovered, and the
tissue was microdissected. It yielded well-preserved
DNA for the analysis.

Molecular Analysis
For the MSI analysis, a recommended marker

panel (20) was used: BAT25, BAT26, D2S346,
D17S250, and D2S123. The amplified PCR product
was analyzed on an ABI PRISM 310 automated se-
quencer (Applied Biosystems, Weiterstadt, Germa-
ny). MSI was defined as the presence of novel al-
leles that were not present in the normal DNA.

RESULTS

Immunohistochemistry
Twenty-one tumors were stained immunohisto-

chemically. In one case (Case 8), no slides were
available for immunostaining. With the exception
of Case 3, all tumors, including the intraductal and
the invasive muconodular component of the IP-
MCs, the MNCCs, and the DACs, revealed intense
nuclear reactivity for hMSH2 and hMSH6 (Fig. 1,
Table 1). In some cases with extensive mucus ex-
travasation, the staining appeared to be weaker or
even negative. However, this finding was restricted
to a few cell groups (and was possibly caused by
incomplete antigen demasking within the mucus).
Nuclear immunoreactivity for hMLH1 was found in
all but three cases (Cases 1, 3, and 5). Whereas in
Case 3 normal tissue showed nuclear reactivity,
both other cases were completely negative even
after prolonged antigen demasking (cf. above). In
these two cases, the failure to stain for hMLH1 was
most probably caused by antigen degradation, be-
cause these tissue blocks were �18 years old.

Molecular Analysis
Using a microdissection technique, intraductal

and invasive components of the IPMCs were ana-

lyzed separately, as were the mucinous and non-
mucinous components of DACs. After prolonged
digestion with proteinase K and repeated purifica-
tion, all cases were amplifiable except for one (Case
7), for which only Bouin-fixed material was avail-
able (cf. Table 1). Microsatellite stability was found
in all analyzed specimens, except for Case 3, i.e., 7
MNCCs; 3 IPMCs, including their muconodular
component; the 1 DAC with a mucinous compo-
nent; and all other DACs (Table 1, Fig. 2). One
MNCC (Case 3) showed MSI for all applied markers
(Fig. 3) and thus was considered MSI high (20). This
carcinoma did not reveal either a signet ring cell

FIGURE 1. A, intraductal component of an invasive mucinous
noncystic carcinoma: nuclear hMHS1 protein expression. B, invasive
mucinous noncystic carcinoma: nuclear hMSH1 expression. C,
intraductal papillary mucinous borderline neoplasm (IPMB) with
hMLH2 positivity. D, invasive muconodular component of IPMC,
hMLH2 positive. E, invasive ductal adenocarcinoma with nuclear
hMSH6 expression
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component or other morphological features that
distinguished it from the other cases. It was located
in the head of the pancreas and measured 8 cm in
diameter. On histological slides from four blocks,
the carcinoma exhibited a mucinous component,
comprising �80% without a medullary component.
The major tumor mass was located in the head of

the pancreas and extended to the ampulla. There
was a minimal intraductal component extending to
the resection margin. Intraductal growth in at least
a few interlobular segments was also a feature of
the other MNCCs but not to such an extent as to
classify them as IPMNs. No data were available on
tumor recurrence or overall survival in Case 3.

DISCUSSION

Mutations of the mismatch repair genes lead to
microsatellite instability. They have been found to
cause the HNPCC syndrome but have also been
detected in sporadic carcinomas (14, 21). Fre-
quently, the MSI carcinomas are of a special histo-
logical type, such as medullary carcinomas (15) or,
more often, mucinous carcinomas (22). The tissue
of the latter carcinomas is composed of �50%
mucin-producing tumor cells and mucus extrava-
sation. In various organs such as the ovary, colon,
breast, or stomach, mucinous carcinomas are char-
acterized by the expression of the MUC2 glycopro-
tein (8, 23).

In the pancreas, mutations of the MMR genes
have been described in four cases of medullary
carcinoma (16, 17), all but one of which showed
wild-type K-ras. Usual adenocarcinomas of the
pancreas did not reveal MSI (17). The MSI status of

FIGURE 3. Microsatellite analysis of Case 3: mucinous noncystic carcinoma and normal tissue showing MSI for all markers (additional peaks
marked by arrows).

FIGURE 2. Microsatellite analysis of Case 6: mucinous noncystic
carcinoma, normal tissue, intraductal component (T), and invasive
component (T2); no MSI for any markers.
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mucinous carcinomas in the pancreas, which are
called MNCCs (24) or colloid carcinomas (1), has not
yet been fully analyzed. MNCCs are rare in the
pancreas, accounting for only 0.1% in our series of
412 primary exocrine carcinomas (data not shown).
Recently, it was found that most MNCCs derive
from IPMCs with an invasive muconodular compo-
nent and express MUC2 instead of MUC1 (1, 2, 25).
These findings clearly showed that MNCCs are dis-
tinct from the MUC1-positive DACs. Moreover, Ad-
say et al. (1) found K-ras mutations in only 4 of 12
and p53 mutations in 2 of 9 MNCCs, a frequency
that is much lower than that found in DACs (26, 27).
As a further feature of the genetic profile of MNCCs,
and contrary to what was expected, we can now add
that only one of the MNCCs and none of the MUC2-
positive IPMCs (including their invasive mu-
conodular component) that we tested revealed MSI.
The one MSI-positive MNCC (Case 3) showed both
lack of nuclear expression of the MMR gene prod-
ucts and MSI for all markers (and thus was MSI
high). The intraductal carcinoma component in the
cases that we classified as MNCCs was too small to
allow them to be clearly classified as IPMN, al-
though the MUC2 phenotype suggests such a his-
togenesis. Histologically, Case 3 was indistinguish-
able from the MSI-negative MNCCs. In particular,
there was no medullary component, and the major
mass of the tumor was located in the head of the
pancreas. Because the DACs of our series and those
of other studies (17) also lack MSI, mutations of the
MMR genes appear to be the exception in pancre-
atic tumors. Immunostaining with a panel of anti-
bodies proved to be a reliable screening method for
detecting MMR gene defects, because there were no
false-negative results in our series. Immunohisto-
chemical screening for MSI is well established in
colorectal carcinomas (28). However, one has to
pay particular attention to antigen demasking for
hMLH1, which seems to be more critical than that
for hMSH2 and hMSH6.

It has been suggested that the mucinous pheno-
type, i.e., carcinomas consisting of �50% mucus or
mucus-producing cells, follows a second pathway
of carcinogenesis that is distinct from the stepwise
accumulation of genetic alterations that is seen in
most other carcinoma types. In the ovary, the colo-
rectum, and breast, the mucinous phenotype was
shown to express the glycoprotein MUC2, but not
MUC1 (8, 29). In their study on colorectal carcino-
mas, Biemer-Hüttmann et al. (30) found a strong
association between MSI and mucinous tumors
positive for MUC2 and MUC5AC, supporting the
hypothesis of a special pathway of carcinogenesis
for mucinous carcinomas in general (8, 31). How-
ever, the data from our study indicate that this
concept does not apply to the pancreas.

In summary, it appears that MUC2-positive mu-
cinous tumors of the pancreas are exceptions
among the group of mucinous carcinomas because
of their usually MSI-negative genotype. This dis-
tinction is further substantiated by the fact that
these pancreatic neoplasms have not yet been
found to be associated with the HNPCC syndrome
that, in other organs, commonly involves carcino-
mas of the mucinous type (31).
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