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Short Communication
p53-Independent Expression of the Cyclin-
Dependent Kinase Inhibitor p21 in Pancreatic
Carcinoma
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The p53 tumor suppressor gene is mutated in
the majority of pancreatic adenocarcinomas,
and several studies have suggested that loss of
p53 function may contribute to the aggressive
clinical behavior ofpancreas cancer. Although
immunocytochemical accumulation of the p53
gene product has previously been assessed as
a marker for p53 mutations in cancers of the
pancreas and other organ systems, the rela-
tionship between p53 mutations and p53 pro-
tein accumulation is variable. The cyclin-depen-
dent kinase inhibitor, p21 (also known as
WAFI and CIPI), is induced by wild-type but
not mutant p53, and recent work has impli-
cated p21 as a downstream mediator of the
growth-suppressing and apoptosis-promoting
functions ofwild-type p53. In thepresent work,
we sought to determine whether loss of p21
expression could more precisely identify those
tumors with p53 mutations and/or loss, com-
pared with immunocytochemical assessment of
p53 protein accumulation. We evaluated p53
andp21 expression immunohistochemically in
a series of 21 ductal adenocarcinomas of the
pancreas with known p53 mutational status.
Diffuse overexpression ofP53 was found in 3
of8 cases (38%) with wild-type p53 and 7 of 13
cases (54%) with p53 mutations with or with-
out loss of heterozygosity at 17p. Surprisingly,
expression ofp21 correlated neither with p53

mutational status nor with p53 protein expres-
sion. In particular, strong p21 expression was
seen even in carcinomas in which molecular
analysis revealed a frameshift mutation in one
allele ofp53 and loss of the second. These data
suggest that p21 expression in pancreatic ade-
nocarcinoma may also be induced by a p53-inde-
pendent pathway and that p21 expression, as
assessed immunocytochemicafly, does not reflect
thefunctional status ofp53 in these carcinomas.
(AmJ Pathol 1995, 147:884-888)

The tumor suppressor gene, p53, has assumed ma-
jor significance as the single most commonly mu-
tated gene yet identified in human neoplasms.1 In
the last several years, our understanding of the nor-
mal function of the p53 gene product has improved,
yielding insights into the mechanisms of p53-
mediated tumor suppression. The p53 gene product
has been implicated both in the G1 cell cycle arrest
seen after DNA damage2-4 and in apoptosis trig-
gered under certain conditions.5-7 p21 (also known
as WAF1/CIP1) is an inhibitor of cyclin-dependent
kinases, the activation of which is required for cell
cycle progression."o The discovery that p21 is in-
duced by wild-type p53, but not mutant p53, led to
the suggestion that the tumor suppressor function of
p53 might be mediated through induction of p21, an
hypothesis that has been supported experimen-
tally. 10
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Several studies have examined the status of p53
in pancreas cancer, either by sequencing the gene
or by immunohistochemical assessment of accumu-
lation of the p53 protein11-21(reviewed in Ref. 22).
Wild-type p53 is a short-lived protein, which is de-
graded by the ubiquitin system.2324 In contrast,
some tumors harboring mutant p53 accumulate nu-
clear p53 protein, and this overexpression has been
used as an immunocytochemical marker for p53 mu-
tations. However, the relationship between p53 mu-
tations and p53 accumulation is imprecise,25 and
this lack of correlation has recently been demon-
strated in pancreas cancer.13
We have recently reported the frequent accumu-

lation of the p53 gene product in a series of pancre-
atic cancers.19 Of note, diffuse p53 accumulation
appeared to correlate with poor prognosis in our
study, although the relationship did not reach statis-
tical significance.19 One potential explanation for
lack of a stronger correlation between p53 accumu-
lation and patient outcome is that some of these
cases may have been misclassified with respect to
functional p53 status because of the imperfect rela-
tionship between p53 mutations and protein accu-
mulation. In an effort to improve the sensitivity and
specificity of immunohistochemical staining for the
p53 gene product in identifying p53 mutations, we
assessed both p53 and p21 expression in a series of
pancreas cancers with known p53 mutational status.
If functional p53 is required to induce p21 expres-
sion, as suggested above, then p21 expression
should be lost in tumors lacking wild-type p53 activ-
ity. Surprisingly, we found that p21 expression cor-
relates neither with p53 mutational status nor with
p53 protein overexpression, suggesting that, in car-
cinomas of the pancreas, p21 expression may also
be induced by a p53-independent pathway.

Materials and Methods

Patients and Specimens

Specimens from 21 patients with pancreatic adeno-
carcinoma who had undergone pancreaticoduode-
nectomy at The Johns Hopkins Hospital were se-
lected on the basis of tissue availability.20 All of these
patients had preoperative and intraoperative evalu-
ation to exclude extrapancreatic spread of these
tumors before resection. Data regarding patient de-
mographics, pathological grade, and stage of these
tumors have been reported elsewhere.20

p53 Gene Mutations and 1 7p Allelic Loss

DNA was prepared from tumors and normal tissue
after microdissection, and p53 exons 2 to 4 and 5 to
9 were amplified separately by the polymerase chain
reaction (PCR).20 Sequencing of PCR products was
carried out either directly, or from pooled clones of
PCR products ligated into pBluescript 11 (Stratagene,
La Jolla, CA).20 When pooled DNA specimens
yielded an ambiguous band, individual clones were
sequenced; a mutation was considered to be
present only when it was found in at least five sepa-
rate clones.20 Allelic loss at 17p, the locus of the p53
gene, was determined either by Southern blot with
probes p14406, pTNH37.3, pYNZ22.1, and
pMCT35.1 or from sequencing gels in cases with
adequate cellularity.20

Immunohistochemistty
Immunohistochemical staining for p53 and p21 was
performed on formalin-fixed, paraffin-embedded
material with the Bio-Tek Techmate 1000 (Santa Bar-
bara, CA) and a heat-based antigen enhancement
system that utilizes citrate buffer. The monoclonal
antibody D-07 (Dako, Carpinteria, CA) was used in
studies of p53 protein expression. Antibody to p21
was obtained from Oncogene Science (Cambridge,
MA). The dilution of primary antibody was titrated on
the basis of initial studies so as to yield a maximal
signal. Staining for p53 was scored as absent, focal,
or diffuse, as described previously.19 p21 staining
was nuclear, as expected, and was reproducibly
strong in normal pancreatic islets and vascular
smooth muscle cells, which served as positive inter-
nal controls. When present in tumor cells, staining for
p21 was scored with respect to both pattern (patchy
or extensive) and intensity (weak or strong).

Results

p53 and p21 immunoreactivity data are summarized
with the corresponding p53 mutational status for
each of the 21 cases of pancreatic carcinoma stud-
ied in Table 1. Accumulation of the p53 gene product
to immunocytochemically detectable levels is neither
a sensitive nor a specific marker for p53 mutations
(Table 1); only 7 of 13 cancers (54%) with p53 mu-
tations demonstrated diffuse immunohistochemical
accumulation of p53, compared with 3 of 8 cancers
(38%) without demonstrated mutations in the gene.
Focal p53 accumulation was seen in only 2 cancers,
both of which were wild type for p53. p21 expression
showed similar heterogeneity among tumors both



886 DiGiuseppe et al
AJP October 1995, Vol. 147, No. 4

Table 1. Summary of Molecular and Immunophenotypic
Data

p53 17p Immunostaining
Case mutation LOH p53 p21

2
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21

Wr
WT
WT
WT
WI
WI
WT
WT
FS
FS
FS
FS
FS
FS
PM
PM
PM
PM
PM
PM
PM

2
0
0

1

2
2
0

+ 0
+ 0
+ 0
+ 0
+ 2

0
2
2
2

+ 2
2

+ 2
0

1-1
2-2
2-2
1-2
2-2
2-2
1-2
2-1
2-2
1-1
1-2
1-1
0

2-2
2-2
1-1
1-2
2-2
0

2-2
1-1

WT, wild type; FS, frameshift; PM, point mutation. For 17p
LOH, a blank indicates either not tested or an uninformative
probe. For p53: 0, absent; 1, focal/rare staining; 2, diffuse
staining. For p21: 0, absent; 1-1, patchy, weak; 1-2, patchy,
strong; 2-1, extensive, weak; 2-2, extensive, strong.

with and without p53 mutations. Of 8 cancers that
were wild type for p53, 4 (50%) displayed extensive,
strong immunoreactivity for p21, and 5 of 13 cancers
(38%) with demonstrated p53 mutations stained sim-
ilarly for p21. Only 2 of the 21 cancers studied were
completely negative for p21 staining; both of these
cancers harbored p53 mutations. Likewise, when
compared with p53 protein accumulation, p21 immu-
noreactivity did not show a consistent pattern of
expression. Extensive, strong p21 expression was
seen in 4 of 9 (44%) tumors that did not stain for p53
and 4 of 10 (40%) cancers with diffuse p53 accumu-
lation. In only 2 of the 13 p53-mutated cancers (15%)
was there complete concordance among p53 muta-
tional status, p53 overexpression, and lack of p21
expression.

This lack of correlation among p53 mutational sta-
tus, p53 accumulation, and p21 immunoreactivity
suggests that p21 expression can be independent of
p53 in these tumors. Consistent with this proposal,
four of five (80%) cancers with a frameshift mutation
in p53 and documented 17p loss of heterozygosity
(LOH), which would thus be predicted to have no
functional p53, nonetheless displayed some p21 im-
munoreactivity (an example is shown in Figure 1).
Similarly, two of the cancers with strong, extensive
immunoreactivity for p21 were shown by molecular
analysis to have point mutations in one allele of the

Figure 1. Immunohistochemical stainingforp53 (A) andp21 (B) in a
pancreatic carcinoma harboring a frameshift mutation in p53 and
1 7p LOH (case 9 in Table 1). Extensive, strong p21 immunoreactivity
is observed in the tumor cells, despite the absence offinctional p53.
Magnification, X 400.

p53 gene and LOH at 17p (Table 1). Because mutant
p53 does not transactivate p21,10 and only the mu-
tant p53 allele remained in these two cancers, p21
expression would appear to be independent of p53
in these tumors.

Discussion

Several groups have investigated the status of the
p53 tumor suppressor gene in pancreas can-
cers,11-21 and there is general agreement that p53
alterations (mutation and/or protein accumulation)
are detectable in most of these cancers (reviewed in
Ref. 22). In some of these reports, accumulation of
the p53 gene product has also been observed in a
significant proportion of cases of intraductal lesions,
which are thought to represent precursors to inva-
sive cancer.11,17 19 Taken together, these data sug-
gest that p53 mutations are common and early
pathogenetic events in pancreatic neoplasia.

In the present study, we sought to determine
whether immunohistochemical staining for p21 could
be used to identify pancreas cancers harboring p53
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mutations. p21 was discovered independently as a
gene specifically activated by wild-type p53
(WAF1)8 and as an inhibitor of cyclin-dependent ki-
nases (CIP1),9 the activation of which is required for
cell cycle progression. These findings led to the
suggestion that p21 may be a downstream effector
of the growth-regulatory properties of wild-type p53.
Consistent with this proposal, p21 is induced in p53-
dependent G1 arrest and apoptosis.10 Because p21
appears to mediate several of the growth-regulatory
functions of p53, its expression would be predicted
to reflect the functional status of p53 more precisely
than p53 protein accumulation. For example, a tumor
harboring a nonsense mutation of one p53 allele with
deletion of the other would not be expected to ac-
cumulate immunoreactive p53. In such a case, no
immunoreactive p53 would be detected, leading to
the incorrect conclusion that it lacked a p53 muta-
tion. However, assuming that p53-dependent p21
expression would be lost in such a tumor, immuno-
staining for p21 might help to identify some of the
false negative results obtained with p53 staining
alone. Likewise, physiological upregulation of wild-
type p53 expression might yield protein levels that
are detectable immunohistochemically, leading to
the incorrect interpretation that p53 was mutated. In
such a case, concomitant p21 expression would
suggest intact function of p53.

The data presented here, however, suggest that
p21 expression is not specifically linked to functional
p53 status in pancreas cancers. Expression of p21
did not correlate either with p53 mutational status or
with p53 accumulation detected by immunohisto-
chemistry. Furthermore, p21 expression was seen in
four cases known to harbor both a frameshift muta-
tion in p53 and 17p LOH, a combination predicted to
result in absence of functional p53. The absence of
immunoreactive p53 seen in these four cases is con-
sistent with this prediction. Finally, strong p21 ex-
pression was also seen in cases with 17p LOH in
conjunction with p53 point mutations, a combination
expected to abrogate the p21-transactivating poten-
tial of p53.

These data suggest that p21 expression in pan-
creatic carcinoma can be independent of p53. This
finding is of particular interest in light of the very
recent discovery of p53-independent induction of
p21 expression during terminal differentiation in skel-
etal muscle and other cell lineages.2627 Likewise, in
differentiating leukemic cells studied in vitro, p53-
independent induction of p21 expression has been
demonstrated and shown to result from stabilization
of p21 mRNA.28 If, as these results suggest, p21
may mediate growth arrest and differentiation in the

absence of functional p53, it is still possible that p21
expression may correlate with clinical behavior in
pancreas cancers. The number and relatively short
follow-up duration of cases in the present series are
insufficient to test this hypothesis.

The data presented here, however, do not exclude a
component of p53-dependent p21 expression. For ex-
ample, both cases without detectable p21 immunore-
activity were p53 mutant, as were four of five cases with
focal, weak p21 staining. In addition, it is possible that
p21 immunoreactivity may be dependent on p21 mu-
tational status. Although there are no published data on
the prevalence of p21 mutations in pancreas cancer,
the available data in other malignancies suggest that
such mutations are extremely rare. For instance, no
p21 mutations were found in one study of 351 cases of

2914 different types of human malignancies. In any
event, our data are compatible with the existence of
both p53-dependent and p53-independent pathways
of p21 expression.

In summary, we did not find a consistent relation-
ship between functional p53 status and p21 expres-
sion, implying a p53-independent pathway of p21
expression in this series of tumors. On a practical
level, immunohistochemical detection of p21 is not a
useful marker for p53 functional status in pancreas
cancers. However, if, as in differentiating cells, p53-
independent p21 expression modulates cell cycle
withdrawal, then p21 may yet be a significant biolog-
ical marker in pancreas cancer.
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