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Characterization of Cytokeratin 20 Expression in Pancreatic and
Colorectal Cancer1
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Murray Korc 2

Departments of Medicine, Biological Chemistry, and Pharmacology
[S. W., J. K., H. M., M. K.] and Department of Developmental and
Cell Biology and Developmental Biology Center [A. D. L.],
University of California, Irvine, California 92697, and Department of
Visceral and Transplantation Surgery, University of Bern, 3010 Bern,
Switzerland [C. A. M., H. F., M. W. B.]

ABSTRACT
Cytokeratin 20 belongs to the epithelial subgroup of the

intermediate filament family. Because of its restricted range
of expression in humans, it has become an important tool for
detecting and identifying metastatic cancer cells by immu-
nohistochemistry and by PCR analysis. Despite its wide-
spread diagnostic use in colorectal cancer and occasional use
in pancreatic cancer, little is known about the expression of
CK 20 in these tumors in vivo. Therefore, in the present
study we characterized CK 20 expression in pancreatic and
colorectal cancer by comparison with its expression in the
normal pancreas and colon. Tissue samples from 24 patients
with pancreatic cancer and from 41 patients with colorectal
cancer were examined for CK 20 expression by Northern
blot analysis, immunohistochemistry, andin situ hybridiza-
tion. CK 20 expression was observed in the cancer cells of
both cancer types. A subgroup of the pancreatic cancers
exhibited a 3.2-fold increase in CK 20 mRNA by comparison
with respective normal controls. In contrast, colon cancers
underexpressed CK 20 mRNA by comparison with the re-
spective controls. In the normal tissues, CK 20 immunore-
activity was relatively faint and sparse in the pancreatic
ductal cells but intense and abundant in the apical portions
of the colonic mucosa. CK 20 immunoreactivity was also
evident in the ductal cells from the chronic pancreatitis-like

lesions adjacent to the cancer cells. Furthermore, distant
metastases from pancreas carcinomas exhibited strong CK
20 immunoreactivity. It is concluded that CK 20 is overex-
pressed in pancreatic cancer and that it can serve as an
excellent marker for metastatic pancreatic cancer.

INTRODUCTION
CKs3 are a family of proteins that form the intermediate

filament cytoskeleton of epithelial cells. They consist of two
different groups, the type I acidic keratins and the type II basic
keratins (1). The first step in keratin intermediate filament
assembly is the formation of heterodimers between a type I and
a type II keratin (2, 3). To date, 20 distinct polypeptides, which
belong to this family, have been identified in various human
epithelial cell types (4–7). The differential expression of these
proteins is closely linked with specific programs of differenti-
ation (8–11). Thus, cytokeratin expression correlates with dif-
ferent epithelial cell lineages, allowing for the classification of
epithelial cells into numerous subtypes (12–16). The most re-
cently described member of this family is the 46-kb cytoskeletal
protein CK 20.

CK 20 is consistently detected in human intestinal mucosa,
urothelium, and Merkel cells (17). It is expressed preferentially
in differentiated enterocytes and goblet cells of the intestinal
villi (17). In contrast, in crypts, only a few of the undifferenti-
ated cells are CK 20 positive (17). CK 20 has been detected in
the pancreata of rat and pig (18, 19). In the rat, CK 20 expres-
sion was restricted to the duct cells (19). In addition, CK 20 may
be considered as a “maturation” marker of the biliary tree in the
liver of the rat (20). There is one report of CK 20 immunore-
activity in primary pancreatic cancers (21) and a recent report of
its presence in pancreatic cancer metastases to the liver (22).
The expression of several other cytokeratins (CK 7, CK 8, CK
18, and CK 19) has also been reported in the human pancreas
(18). Because of the lack of immunological cross-reactivity with
other cytokeratins, CK 20 has become an important tool for
delineating the origin of metastatic human adenocarcinomas
arising from an unknown primary source (23–33). In addition,
several reports have highlighted the importance of detecting CK
20 by the use of the PCR as a marker for the spread of tumor
cells into blood, bone marrow, and lymph nodes of colorectal
and other gastrointestinal cancers such as gastric and pancreatic
cancers (34–40).

Colorectal cancer is the second most common cause of
cancer death and the fourth most prevalent carcinoma in the
Western world. In the United States, there were;131,000 new
cases of colorectal cancer and 55,000 deaths from this disease in
1997 (41). Similarly, pancreatic cancer is a devastating disease
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that is the fifth most common gastrointestinal tract cancer in
males and the seventh most common in females. Its high mor-
tality rate makes it the fourth most common cause of death from
cancer in the general population. To date, the level of expression
of CK 20 in either colon or pancreatic cancer by comparison
with the respective normal tissues has not been reported. Fur-
thermore, the exact site of CK 20 expression in either malig-
nancy has not been described. Therefore, in this study we
compared the expression of CK 20 in human colorectal and
pancreatic cancer with its expression in the corresponding nor-
mal tissues. We now report that CK 20 is expressed at high
levels in a subgroup of pancreatic cancers but not in colon
cancers, and that CK 20 expression in pancreatic cancer occurs
predominantly in the cancer cells.

MATERIALS AND METHODS
Materials. The following materials were purchased: fetal

bovine serum, DMEM, RPMI, Leibovitz L-15, trypsin solution,
and penicillin-streptomycin solution from Irvine Scientific
(Santa Ana, CA); restriction enzymes and the random primed
labeling kit from Boehringer-Mannheim (Indianapolis, IN);
Sequenase Version 2.0 DNA Sequencing from United
States Biochemical Corp. (Cleveland, OH); [a-32P]dCTP,
[g-35S]dATP from Amersham (Arlington Heights, IL); and
pBluescript-IISK1 from Stratagene (La Jolla, CA). A highly
specific monoclonal mouse anti-human CK 20 antibody was
from Dako (Carpinteria, CA). All other chemicals and reagents
were purchased from Sigma Chemical Corp. (St. Louis, MO).
ASPC-1, Capan-1, Panc-1, and Mia-PaCa-2 human pancreatic
cell lines as well as CaCo2, SW 837, and SW 1463 human
colorectal cancer cell lines were obtained from American Type
Culture Collection (Rockville, MD). COLO-357 and T3M4
human pancreatic cancer cell lines were a gift from Dr. R. S.
Metzger (Durham, NC).

Tissue Samples. Normal human pancreatic tissue sam-
ples (n 5 18) were obtained through an organ donor program.
Pancreatic cancer tissues (n 5 24) were surgical specimens
obtained from pancreatic cancer patients. Normal colon tissue
samples (n 5 41) as well as cancer samples (n 5 41) were
obtained from patients undergoing colorectal cancer surgery.
The normal tissue was taken from the same patients at a distance
of at least of 10 cm from the tumor site. According to the
Tumor-Node-Metastasis classification of the Union Internatio-
nale Contre le Cancer, there were 9 stage I, 3 stage II, and 12
stage III pancreatic cancers and 13 stage I, 7 stage II, 7 stage III,
and 14 stage IV colorectal cancers. Freshly removed tissue
samples were fixed in Bouin or 10% formaldehyde solution and
paraffin-embedded for histological analysis. In addition, tissue
samples were frozen in liquid nitrogen immediately upon sur-
gical removal and stored at280°C until use for RNA extraction.
All studies were approved by the Ethics Committee of the
University of Bern and by the Human Subjects Committee of
the University of California, Irvine.

RNA Extraction and Northern Blot Analysis. Total
RNA was extracted by the single-step acid guanidinium thiocy-
anate-phenol-chloroform method (42). RNA was size fraction-
ated on 1.2% agarose/1.8M formaldehyde gels, electrotrans-
ferred onto nylon membranes, and cross-linked by UV

irradiation. Blots were prehybridized and hybridized with CK 20
cDNA probe and washed under high stringency conditions as
reported previously (43). Blots were then exposed at280°C to
Kodak BiomaxMS films, and the resulting autoradiographs were
scanned to quantify the intensity of the radiographic bands. A
BamHI 190-kb fragment of mouse 7S cDNA that hybridizes
with human cytoplasmatic RNA was used to confirm equal
RNA loading and transfer (43).

Immunoblotting. Cells were washed with PBS (4°C)
and solubilized in Tris-buffered saline (TBS) containing 20 mM

Tris, 150 mM NaCl, 1 mM EDTA, 1% NP40, 1 mM EGTA, 2.5
mM NaPO4, 1 mM sodium vanadate, 50 mM sodium fluoride, 1
mM b-glycerophosphate, and 10mg/ml leupeptin. Proteins were
subjected to SDS-PAGE and transferred to Immobilon P mem-
branes. Membranes were incubated for 60 min with anti-CK 20
antibodies, washed, and incubated with a secondary antibody
against mouse for 60 min. After washing, visualization was
performed by enhanced chemiluminescence. Membranes were
then washed twice with TBS containing 0.1% Tween 20 (TTBS)
for 30 min and reprobed with anti-ERK2 antibody to confirm
equivalent loading of lanes.

Immunohistochemistry. A highly specific, affinity-pu-
rified mouse monoclonal antibody to human CK 20 was used for
immunohistochemistry (11). Paraffin-embedded sections (4
mm) were subjected to immunostaining using the streptavidin-
peroxidase technique. Sections then were boiled for 5 min in 10
mM citrate buffer. Endogenous peroxidase activity was blocked
by incubation for 30 min with 0.3% hydrogen peroxide in
methanol. Tissue sections were incubated for 15 min (room
temperature) with 10% normal goat serum and then incubated
for 16 h at 4°C with CK 20 antibody (5 ng/ml) in PBS contain-
ing 1% BSA. Bound antibodies were detected with biotinylated
goat anti-mouse IgG secondary antibodies and streptavidin-

Fig. 1 Expression of CK 20 in cultured pancreatic cancer cells.A,
Northern blotting. Total RNA (20mg/lane) was prepared from the
indicated cell lines and hybridized with32P-labeled cDNA probes
(500,000 cpm/ml) specific for CK 20. A 7S ribosomal cDNA probe
(50,000 cpm/ml) was used as a loading and transfer control. Exposure
time was 12 h for CK 20 and 4 h for 7S.B, Western blotting. Lysates
from six pancreatic cancer cell lines were probed with a highly specific
CK 20 antibody (see “Materials and Methods”). Immunoblotting with
anti-ERK2 antibodies was used as a loading and transfer control. Ex-
posure times were 2 min for CK 20 and 1 min for ERK2.
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peroxidase complex, using diaminobenzidine tetrahydrochloride
as the substrate. Sections were counterstained with Mayer’s
hematoxylin. Sections incubated without primary antibody did
not yield positive immunoreactivity.

In Situ Hybridization. To carry outin situ hybridization
analysis, tissue sections (4mm thick) were placed on 3-amin-
opropyl-methoxysilane-coated slides, deparaffinized, and incu-
bated at 23°C for 20 min with 0.2N HCl and at 37°C for 15 min
with 40 mg/ml (10mg/ml for colon) proteinase K. The sections
were then postfixed for 5 min in PBS containing 4% paraform-
aldehyde and incubated briefly twice with PBS containing 2

mg/ml glycine and once in 50% (v/v) formamide/23 SSC (13
SSC5 150 mM NaCl, 15 mM nacitrate, pH 7.0) for 1 h prior to
initiation of the hybridization reaction by the addition of 100ml
of hybridization buffer. The hybridization buffer contained 0.6
M NaCl, 1 mM EDTA, 10 mM Tris-HCl (pH 7.6), 0.25% SDS,
200 mg/ml yeast tRNA, 13 Denhart’s solution, 10% dextran
sulfate, 40% formamide, and the digoxigenin-labeled riboprobe.
The CK 20 was labeled with digoxgenin-UTP by T3 or T7 RNA
polymerase using the Genius 4 RNA labeling kit. Hybridization
was performed in a moist chamber for 16 h at 50°C. The
sections were then washed sequentially with 50% formam-
ide/23 SSC for 20 min at 42°C, 23 SCC for 20 min at 42°C,
and 0.23 SSC for 20 min at 42°C. The Genius 3 nonradioactive
nucleic acid detection kit was used for immunological detection.
The sections were washed briefly with buffer 1 solution (100
mM Tris-HCl and 150 mM NaCl, pH 7.5) and incubated with 1%
(w/v) blocking reagents in buffer 1 solution for 60 min at 23°C.
The sections then were incubated for 30 min at 23°C with a
1:2000 dilution of an alkaline phosphatase-conjugated poly-
clonal sheep anti-digoxigenin Fab fragment antibody, washed
twice for 15 min at 23°C with buffer 1 solution containing 0.2%
Tween 20, and equilibrated with buffer 3 solution (100 mM

Tris-HCl, 100 mM NaCl, and 50 mM MgCl2, pH 9.5) for 2 min.
The sections were then incubated with color solution containing
nitroblue tetrazolium and X-phosphate in a dark box for 2–3 h.
After the reaction was stopped with TE buffer (10 mM Tris-HCl,
1 mM EDTA, pH 8.0), the sections were mounted in aqueous
mounting medium.

Fig. 2 CK 20 immunoreactivity
in cultured cancer cell lines. Mod-
erate to strong CK 20 immuno-
staining was visible in MiaPaCa-2
(A) and Panc-1 (B) pancreatic can-
cer cells and in small foci of
COLO-357 pancreatic cancer cells
(C). SW 1463 colorectal cancer
cells also exhibited CK 20 immu-
noreactivity (D). Bar, 25 mm.

Fig. 3 Expression of CK 20 mRNA in pancreatic tissues by Northern
blotting. Total RNA (20mg/lane) was prepared from pancreatic tissues
and hybridized with32P-labeled cDNA probes (500,000 cpm/ml) spe-
cific for CK 20. A 7S ribosomal cDNA probe (50,000 cpm/ml) was used
as a loading and transfer control. Exposure times were 12 h for CK 20
and 4 h for 7S.
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RESULTS
CK 20 mRNA Expression in Pancreatic Cell Lines and

Tissues. Northern blot analysis of total RNA isolated from six
pancreatic cancer cell lines revealed a moderate CK 20 mRNA
signal (1.8 kb) in MiaPaCa-2 and Panc-1 cells and a weak signal
in ASPC-1, Capan-1, and Colo-357 cells (Fig. 1A). In contrast,
the CK 20 mRNA transcript was below the level of detection in
T3M4 pancreatic cancer cells (Fig. 1A). Western blot analysis
revealed a distinct band (Mr ;46,000), corresponding to CK 20
in Panc-1 and MiaPaCa-2 cancer cells, whereas this band was
not detected in T3M4, COLO-357, Capan-1, or ASPC-1 cells
(Fig. 1B). Immunohistochemical analysis of the cell lines re-
vealed strong CK 20 immunoreactivity in many MiaPaCa-2
(Fig. 2A) and Panc-1 (Fig. 2B) cells. In contrast, in COLO-357
cells, there were foci of cells that were CK 20 positive, whereas
many other cells were negative (Fig. 2C). T3M4 cells were
completely devoid of CK 20 immunostaining (not shown).
Thus, there was good concordance between the presence of high
levels of CK 20 mRNA and protein as detected by immunoblot-
ting when the majority of the cells expressed CK 20. In contrast,
immunostaining was even more sensitive than immunoblotting,
because it confirmed the presence of CK 20 in a subpopulation
of COLO-357 cells.

Northern blot analysis of total RNA isolated from the
normal human pancreas revealed that the CK 20 mRNA moiety

was present at weak to moderate levels in 11 of 18 samples.
Some cancer samples also exhibited weak CK 20 mRNA levels.
However, 11 of 24 pancreatic cancer tissues showed moderate to
high levels of CK 20 mRNA. Two examples of these Northern
blots are shown in Fig. 3. Densitometric analysis of all of the
Northern blots revealed a 1.8-fold increase in CK 20 mRNA
levels in pancreatic cancer samples in comparison with the
normal samples. However, when the results from the 11 samples
that overexpressed CK 20 were calculated, there was a 3.2-fold
increase (P 5 0.01) in CK 20 mRNA levels.

Immunohistochemical analysis with the same highly spe-
cific anti-CK 20 antibody used above revealed that the ductal
cells in the small ducts in the normal pancreas showed faint to
moderate CK 20 immunoreactivity (Fig. 4A). In contrast, the
islet and acinar cells were devoid of CK 20 immunoreactivity
(Fig. 4A). In the cancer tissues, there was a very strong CK 20
immunoreactivity in the ductal-like cancer cells (Fig. 4,B and
C). A faint CK 20 mRNA signal was detectable byin situ
hybridization in one of four samples in the ductal cells of the
normal pancreas (data not shown). In contrast, there was a
moderate to strong CK 20 mRNAin situ hybridization signal in
many cancer cells in four of five of the pancreatic cancer
samples. An example of a positive cancer sample is shown in
Fig. 4D. A CK 20 sense probe did not reveal any specific signal
(Fig. 4E). Immunohistochemical analysis of pancreatic cancer

Fig. 4 Comparison of immunohistochemistry andin situ hybridization in pancreatic cancer tissues. There was faint CK 20 immunoreactivity in the
ductal cells in the normal pancreas (A, open arrowheads), which was not seen in either the endocrine islets (A, outlined byclosed arrowheads) or
acinar cells. In contrast, intense CK 20 immunoreactivity was present in the pancreatic cancer cells within the tumor mass (B andC). Analysis of serial
sections revealed that cancer cells exhibiting CK 20 immunoreactivity (C) also exhibited a moderate to strong CK 20 mRNAin situ hybridization
signal (D). In situ hybridization with the CK 20 sense probe did not reveal any specific signal (E). Bar, 25 mm.
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metastases was performed in two pulmonary samples, revealing
strong CK 20 immunoreactivity in the metastatic cancer cells
(Fig. 5).

CK 20 mRNA Expression in Colon Cancer Cell Lines
and Tissues. Northern blot analysis of poly(A)1 RNA re-
vealed a strong CK 20 mRNA signal in SW 1463 cells (Fig. 6A).
In contrast, CK 20 was below level of detection in CaCo2 and
SW 837 colorectal cancer cells (Fig. 6A). Similarly, Western
blot analysis showed a distinct band ofMr 46,000 corresponding
to the size of the CK 20 protein in SW 1463, whereas SW 837
and CaCo2 did not reveal the same band (Fig. 6B). There was

strong CK 20 immunoreactivity in SW 1463 cells (Fig. 2D). In
contrast, CaCo2 and SW 837 did not show a CK 20 staining
(data not shown).

Northern blot analysis of RNA isolated from the normal
portion of the colon revealed moderate to high levels of CK 20
mRNA in 25 of 28 samples (Fig. 7). In contrast, in the corre-
sponding cancer samples, CK 20 mRNA levels were weak to
moderate in 13 of 28 samples (Fig. 7). Only 1 cancer sample in
stage I disease and one cancer sample in stage IV disease
exhibited high levels of CK 20 mRNA. Thus, densitometric

Fig. 5 CK 20 immunoreactivity in lung metastasis originating from pancreatic cancer. Strong CK 20 immunostaining is clearly evident in the
pancreatic cancer cells within the lung parenchyma.A, low power view.Solid arrow,region shown under high power view in panelB. Bar, 25 mm.

Fig. 6 Expression of CK 20 in cultured colorectal cancer cells.A,
Northern blotting. Poly(A)1-RNA (2 mg/lane) was prepared from the
indicated colorectal cancer cell lines and hybridized with32P-labeled
probes (500,000 cpm/ml) specific for CK 20. A 7S ribosomal cDNA
probe (50,000 cpm/ml) was used as a loading and transfer control.
Exposure times were 12 h for CK 20 and 4 h for 7S.B, Western blotting.
Lysates from three colorectal cancer cell lines were probed with a highly
specific CK 20 antibody (see “Materials and Methods”). ERK2 was
used as a loading and transfer control. Exposure times were 2 min for
CK 20 and 1 min for ERK2.

Fig. 7 Expression of CK 20 in colon tissues by Northern blotting.
Total RNA (20mg/lane) was prepared from colonic tissues from stage
I through IV disease and hybridized with32P-labeled cDNA probes
(500,000 cpm/ml) specific for CK 20. A 7S ribosomal cDNA probe
(50,000 cpm/ml) was used as a loading and transfer control. Exposure
times were 12 h for CK 20 and 4 h for 7S.
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analysis revealed that CK 20 mRNA levels were 5-fold (P 5
0.009) higher in normal samples from stage I disease and
3.3-fold (P 5 0.009) higher in normal samples from stage IV
disease by comparison to the corresponding cancer samples.
There was no significant difference in CK 20 expression be-
tween the four disease stages.

Immunohistochemical analysis revealed moderate to strong
CK 20 immunoreactivity in the apical portion of the normal
colonic mucosa (Fig. 8A). The corresponding cancer samples
showed a strong CK 20 signal in the cancer cells within the
tumor mass (Fig. 8D). By in situ hybridization, four of six
normal samples showed a moderate signal for CK 20 mRNA

Fig. 8 Immunohistochemical analysis andin situ hybridization in colon tissues. Moderate to strong CK 20 immunoreactivity was evident in the
apical portion of the normal colonic mucosa (A). Analysis of serial sections revealed that the cells that exhibited CK 20 immunoreactivity also
exhibited a moderate to strong CK 20in situ hybridization signal (B). There was strong CK 20 immunoreactivity in the cancer cells within the tumor
mass (D). However, analysis of serial sections indicated that these cancer cells exhibited only low levels of CK 20 mRNA byin situ hybridization
(E). In situ hybridization with the CK 20 sense probe did not reveal any specific signal (C andF). Bar, 50 mm.
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that was present in the surface epithelium and the mucosal
crypts (Fig. 8B). In contrast, two of six colon cancer samples
exhibited a weak CK 20in situhybridization signal in the cancer
cells (Fig. 8E), although most of these samples exhibited mod-
erately intense CK 20 immunoreactivity. This discrepancy be-
tween thein situ hybridization signal and the intensity of the
immunostaining raises the possibility that the CK 20 protein has
a long half-life. A CK 20 sense probe did not reveal any specific
signal (Fig. 8,C andF).

DISCUSSION
Since its detection in 1992 (11) and the subsequent report

of the complete nucleotide sequence 1 year later (17), CK 20 has
become an important tool for the characterization of primary
and metastatic human adenocarcinomas. It has been shown that
CK 20 has a restricted range of expression in human tissues such
as intestinal epithelium, gastric foveolar epithelium, urothelium,
and Merkel cells in the skin. Furthermore, CK 20 has no
immunological cross-reactivity with other members of the CK
family, therefore allowing for a highly specific analysis of
tissues by immunohistochemistry.

A large number of studies designed to detect disseminated
tumor cells by using RT-PCR techniques based on the expres-
sion of CK 20 mRNA and other members of this family (34,
36–40). These reports showed a clear correlation between tu-
mor cell spread in bone marrow, venous blood, and lymph
nodes, respectively, and stage of the disease in colorectal cancer.
Furthermore, Weitzet al.(38) reported a dissemination of tumor
cells in venous blood from patients undergoing surgery for
colorectal cancer disease. RT-PCR analysis using CK 20 as a
marker has been especially successful in colorectal cancer (36),
whereas in gastric and pancreatic cancer the findings were far
less convincing (37).

In the present study, we characterized CK 20 expression in
pancreatic and colonic tissues. In the normal pancreas, CK 20
immunoreactivity was faintly evident in the ductal cells. These
findings contrast with previous immunohistochemical studies,
which failed to demonstrate CK 20 immunoreactivity in normal
pancreatic tissues (17, 18). However, in agreement with our
results, CK 20 immunoreactivity has been detected in the ductal
cells of the rat pancreas (18–21). Furthermore, in the present
study, the expression of CK 20 mRNA in the normal pancreas
was confirmed by Northern blotting. In contrast to the relatively
low expression of CK 20 in the normal pancreas, the normal
colon tissue samples exhibited a strong CK 20 immunoreactiv-
ity, which was restricted to the upper layer of the colonic
mucosa and the mucosal crypts. These results were consistent
with previous immunohistochemical studies (17, 33). In addi-
tion, in the present study,in situ hybridization confirmed that
CK 20 mRNA was expressed in the same cells in the normal
colon mucosa as shown by immunohistochemistry.

In pancreatic cancer, CK 20 immunoreactivity was ex-
tremely strong in the duct-like cancer cells. This is in contrast to
previous immunohistochemical studies, which reported that
only a small number of pancreatic cancers exhibited a signifi-
cant level of CK 20 immunoreactivity (11, 17, 33). Our immu-
nohistochemical findings in pancreatic cancer are supported by
two observations: (a) CK 20 mRNA levels by Northern blot

analysis were increased in a subgroup of pancreatic cancer
tissues by comparison to the normal pancreas; (b) in situ hy-
bridization analysis revealed increased CK 20 mRNA signals in
the cancer cells within the pancreatic tumor mass. However,
CP-like lesions adjacent to the cancer also revealed an increased
expression of CK 20, indicating that elevated CK 20 expression
was not specific to the cancer cells in this malignancy.

There was a good correlation between CK 20 expression by
Northern blot analysis and immunoblotting in the colorectal
cancer cell lines. However, in contrast to the findings in pan-
creatic cancer, in the colorectal cancer samples, CK 20 mRNA
was decreased by comparison with the normal colon samples.
This decrease was observed in all four stages and was confirmed
by the relatively low CK 20 mRNAin situ hybridization signal
in the cancer cells within the tumor mass. In contrast, normal
samples exhibited markedly increased levels of CK 20 in im-
munohistochemistry andin situ hybridization in the apical
mucosa. The relative abundance of CK 20 in the normal gas-
trointestinal mucosa by immunohistochemistry andin situ hy-
bridization and its relative low abundance in the colorectal
cancer cells are consistent with the observation that CK 20
expression is increased with differentiation. Nonetheless, the
colon cancer cells are capable of expressing CK 20, which is the
reason why CK 20 has been a useful marker for colorectal
cancer (11, 17, 22–24, 31–33).

Metastatic cancer of unknown origin occasionally presents
significant clinical dilemmas with respect to diagnosis and ther-
apy. The ability of metastatic cancer cells to retain the capacity
to express markers of differentiation such as CK 20 has been
helpful in establishing clinically the primary source of meta-
static lesions. The present study documents that CK 20 is
overexpressed in a significant number of pancreatic cancers.
Furthermore, we show that metastatic lesions from pancreatic
cancer exhibit strong CK 20 immunoreactivity. To our knowl-
edge, this is the first report of CK 20 overexpression in any
human malignancy. We propose, therefore, that CK 20 may also
be a more valuable marker for metastatic pancreatic cancer than
has been appreciated previously.
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