
Abstract The WAF1/CIP1 gene product, p21, an inhibi-
tor of cyclin-dependent kinases, is a critical downstream
effector in the p53 pathway. The expression of p21 in hu-
man neoplasms is heterogeneous, and may be related to
p53 functional status. We evaluated p21 immunoreactivi-
ty in 103 colorectal carcinomas (CC) in relation to the
p53 gene and protein alterations and clinico-pathologic
parameters. High p21 expression (more than 10% reac-
tive cells) was seen in 39% of cases. p21 staining was
heterogeneous and often detected in clusters of tumour
cells; in some tumours p21 staining was more pro-
nounced in superficial areas. No relation was seen be-
tween p21 immunoreactivity and site of the tumours
(right vs left), TNM stage and grade. p21 expression was
related to p53 status as evaluated with IHC or with SSCP
analyses, low p21 expression usually being associated
with p53 protein overexpression (P=0.048) and p53 gene
alteration (P=0.005). The strongest associations were
seen when the combined p53/p21 immunophenotype was
compared with p53 gene alterations (P=0.0002). These
data support the hypothesis that p21 expression in CC is
mainly related to p53 functional status, suggesting that
p21 expression could be an interesting adjunct in the
evaluation of the functional status of the p53 pathway in
CC.
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Introduction

Colorectal cancer (CC) is a sporadic and familial condi-
tion characterised by imbalance between cell growth, ap-
optosis and differentiation, associated with the accumu-
lation of genetic alterations over a period of many years
[8, 18, 21, 33]. Alterations in the p53 tumour-suppressor
gene are among the most frequently encountered genetic
aberrations in CC [24]. Most p53 gene alterations are
mutations involving exons 5–8, which can be investigat-
ed with single-strand conformational polymorphism
(SSCP) analysis. Most mutations stabilise p53 gene
product, which accumulates in the cell nuclei and can be
detected by immunohistochemistry, and there is a well-
known association between p53 gene mutation and p53
protein overexpression [2].

The wild-type p53 protein suppresses tumour cell
growth, binds to specific DNA sequences and partici-
pates in cell-cycle regulation by transactivating several
genes, which include MDM2, Gadd 45 and WAF1/CIP1.
The WAF1/CIP1 gene product, p21, is a general inhibitor
of cyclin-dependent kinases (CDKs), which regulate en-
try into the DNA synthesis phase of the cell cycle [14].
p21 expression due to wild-type p53 overexpression in
response to DNA damage causes G1 growth arrest
through inhibition of CDKs, and may also be involved in
G2 arrest [7]. However, apart from induction by wild-
type p53, activation of the WAF1/CIP1 gene can also oc-
cur through mechanisms independent of p53, mainly re-
lated to cell differentiation [15, 46]. Indeed, p21 may
play an important part in the maintenance of growth ar-
rest in terminally differentiated cells.

p21 immunoreactivity has recently been observed in
human neoplasms, where it is differently associated with
p53 integrity depending on tissue type: in some tumour
types p21 is mainly p53 regulated, while in others it is
mainly regulated through p53-independent pathways. In
tumours where p21 expression is mainly induced by wild-
type p53 protein, the level of p21 itself could potentially
reflect the functional status of p53 in cancer cells, which
in turn could be of potential clinical interest [6, 40].
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The potential interest on p21 expression in CC is fur-
ther enhanced by the fact that the levels of p21 can be
manipulated, at least in cell cultures, by some drugs, in-
cluding retinoids [27] and sulindac, a nonsteroidal agent
that lowers the incidence and mortality from CC [20]. In
CC p21 is heterogeneously expressed, and preliminary
data suggest that its expression is regulated mainly by
p53 [13, 15] and might be of possible prognostic value.
There are, however, some studies in the literature that
have yielded discrepant results regarding the relation be-
tween p53 and p21 in CC [41]: therefore, we undertook
the present study to investigate the immunohistochemi-
cal expression of p21 in relation to p53 gene and protein
alterations and clinic-pathologic features further in a
large series of patients with CC.

Materials and methods

We evaluated 103 formalin-fixed paraffin-embedded specimens
from cases of sporadic CC diagnosed and treated at S. Chiara Hos-
pital in Trento in 1996–1997. Clinical and pathological staging
was performed according to the UICC TNM system. Pertinent da-
ta on the tumours are summarised in Table 1 (first column).

Tumour samples were immediately fixed in 10% buffered for-
malin (pH 7.0) and embedded in paraffin. On the basis of H&E-
stained sections, the most representative tissue block for each
sample was selected for immunohistochemical studies and DNA
extraction. An additional sample of histologically normal mucosa
at the margins of the surgical samples (at least 10 cm away from
the tumour) was selected to extract normal DNA for each patient.

For immunohistochemistry, 5-µm sections were cut from paraf-
fin blocks and mounted on xylanated slides. Expression of p21

was evaluated using the EA10 monoclonal antibody (Oncogene
Science, Cambridge, Mass.) diluted 1:100 after microwave treat-
ment, as described elsewhere [3, 13]. Positive controls were sec-
tions of lung tumours known to express p21 at the mRNA and pro-
tein levels [31]. Surface epithelium of the normal mucosa adjacent
to tumours was regarded as a positive internal control [13]. Nega-
tive controls were obtained by omitting primary antibody. Immu-
noreactivity was scored by evaluating at least 500 tumour cells for
nuclear staining; cases with immunoreactivity in 10% or more
were considered to express high values of p21. Expression of p53
has been evaluated with D07 monoclonal antibody, with 1:100 di-
lution after microwave treatment, as described elsewhere [3]. Im-
munoreactivity was scored by evaluating at least 500 tumour cells
for nuclear staining; cases with immunoreactivity in 40% or more
were considered to overexpress p53.

Genomic DNA was extracted from the paraffin-embedded tis-
sues. Sections were dewaxed in xylene and alcohol and treated
with proteinase K 400 (ng/µl) in 250 µl of digestion buffer
(50 mM Tris HCl, pH 8; 5 mM EDTA, pH 8; 0.5% Tween 20) and
incubated overnight at 55°C. Proteinase K was heat inactivated,
and the samples were used directly for PCR. Exons 5 through 8 of
the p53 gene were amplified using four pairs of specific intronic
oligonucleotides primers [30]. The size of PCR products were as
follows: exon 5, 290 bp; exon 6, 206 bp; exon 7, 214 bp; and exon
8, 240 bp. The PCR mix consisted of 10 mM Tris HCl (pH 8.3),
50 mM KCl, 1.5 mM MgCl2, 200 µM of dNTPs, and 0.5 µM of
each primer. For the template, 1 µl of the digestion mixture was
used. The PCR temperature profile for exons 6, 7, and 8 was as
follows: (a) denaturation at 94°C for 1 min, (b) annealing for
1 min at 63°C, and (c) extension for 1 min at 72°C, for a total of
39 cycles. The extension for the last cycle was increased to 3 min
to ensure complete extension. For exon 5 the temperature of an-
nealing was 57°C for 1 min. A negative control containing no
DNA was included in each PCR experiment. The amplification
products were visualised on an ethidium bromide-stained 2%
Pharmacia gel. For single-strand conformation polymorphism
(SSCP) analysis, PCR products (4 µl) were mixed with 10 µl of
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Table 1 Relation between the clinic-pathologic parameters and
p53 and p21 alterations (IHC immunohistochemical staining of tu-
mour cells, expressed as percentage of reacting cells, SSCP p53
gene alteration assessed using the nonradioactive PCR-SSCP (sin-

gle-strand conformation polymorphism) analysis with primers for
exons 5, 6, 7, 8; nonpolymorphic electrophoretic band shifts were
considered to indicate p53 gene mutation)

Tumour No. p53 IHC p53 IHC p53 SSCP p21 IHC p21IHC
parameters ≥40% <40% ≥10 <10

With band shift Without band shift

Stage
T2 26 15 11 14 12 7 18
T3 62 39 23 27 35 21 37
T4 8 4 4 3 5 3 5
Tx 7

Grade
1 5 1 4 1 4 4 1
2 60 36 24 28 32 18 39
3 30 18 12 12 18 10 18
Gx 8

Metastases
N0 54 37 17* 27 27 17 33
N1/2/3 46 22 24 18 28 14 27
Nx 5

Site
Right colon 29 14 15 12 17 12 17
Left colon 63 40 23 33 30 17 42
Unknown 11

*P=0.07 Chi-square with Yates correction, P =0.046 Mantel



gel loading solution (75% deionised formamide, 12 mM NaOH,
6 mM EDTA, and 0.05% xylene cyanol and bromophenol blue),
denatured at 95°C for 5 min, and kept on ice until loading. Elec-
trophoresis was carried out in 10% nondenaturing polyacrylamide
gel (29:1 acrylamide to bisacrylamide) containing 5% glycerol at
room temperature at 100–150 V for 15–20 h. Electrophoresed
DNA was visualised by silver staining of the gel. For all cases we
evaluated a tumour sample and a sample of corresponding normal
tissue. A band shift was considered to indicate p53 gene mutation.
Polymorphisms were excluded by comparing the results obtained
on corresponding tumour and normal tissues.

The relations among the variables were evaluated by a Chi-
square test and analysis of variance (ANOVA). When multiple re-
lations had to be analysed, we performed a post hoc Sidak’s test to
determine to which of the relations the P-value was referred.

Results

p21 immunoreactivity was evaluable in 98 out of 103 tu-
mours; 5 tumours showing absent p21 immunoreactivity
without clear-cut p21 immunoreactivity in internal con-
trols were excluded. Nuclear p21 immunoreactivity was
observed in 85 (87%) tumours (Fig. 1) and in the super-
ficial compartment of adjacent normal crypt cells; in 13
tumours no nuclear reactivity for p21 was seen in neo-
plastic cells. Mean and median percentages of p21 im-
munoreactive cells were 11% and 4%. Thirty-three cases
(39%) with p21 immunoreactivity in 10% or more tu-
mour cells were considered to have high p21 expression.
p21 staining was heterogeneous and often detected in
clusters of tumour cells; in rare cases p21 staining was
more pronounced in superficial areas of tumours. No re-
lation was seen between p21 immunoreactivity and site
of the tumours (right vs left), TNM stage or grade
(Table 1).

p53 SSCP nonpolymorphic band shifts were identi-
fied in 47 (48%) cases (17 in exon 5, 4 in exon 6, 17 in
exon 7, 9 in exon 8) and were regarded as an indication
of possible p53 gene mutations (Fig. 2). Expression of
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Fig. 1A–D p21 expression in two colorectal adenocarcinomas:
one case shows prominent p21 immunoreactivity, which was more
diffuse and intense in the superficial areas of the tumour (A), with
concurrent p53 overexpression (B); this tumour showed p53 alter-
ation at PCR-SSCP analysis. The second case shows diffuse p21
immunoreactivity (C), while p53 staining was restricted to few
isolated nuclei (<0.1%) (D); this case did not show p53 alteration
on PCR-SSCP analysis. Immunostaining for p21 and p53 with a
StrepABC technique with light haematoxylin counterstain



p53 protein was identified in 86 cases; mean and median
percentage of p53-reacting cells were 40% and 60%, re-
spectively; 60 cases showing p53 expression in 40% or
more of tumour cells were considered to overexpress p53
(Fig. 3). p53 SSCP band shift and p53 protein overex-
pression were strictly associated (Table 2). No relation
was seen between p53 alterations at IHC or SSCP level
and site of the tumour (right vs left), TNM stage or grade
(Table 1).

Expression of p21 was related to p53 status as evalu-
ated with IHC or with SSCP analysis (Table 3), low p21
expression being associated with p53 alterations. The
strongest association was seen between low p21 and con-
current p53 overexpression and p53 SSCP band shift
(Table 4). We also investigated whether the combined
IHC evaluation of p21 and p53 could give more reliable
information regarding p53 gene alteration. The relation
between the p53/p21 immunophenotype and p53 gene
alteration was indeed strictly significant (Table 5). There
were, however, some discrepant cases with concurrent
high p21 expression and p53 alterations, and conversely,
cases with low to absent p21 expression and normal p53.

Discussion

In this study we were able to confirm previous observa-
tions that p21 expression is topographically restricted to
nonproliferating and differentiated cells in normal colo-
rectal mucosa and is heterogeneous and diffuse in around
one third of sporadic CC [13,15, 35, 37, 40, 41]. We also
demonstrated a strong association between alterations to
p53 at the IHC and/or PCR-SSCP levels and low p21 ex-
pression.

The relation of p21 expression to p53 alterations in
human tumours is intriguing: in some tumours, such as
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Fig. 2 Nonradioisotopic PCR-SSCP electrophoretic gel with sil-
ver staining for exons A 5 and B 7 of the p53 gene; each tumour
sample (T) is compared with normal tissue (N) of the same patient,
and band shifts (arrows) are considered as indicative of p53 gene
mutation. B Results from two different patients, one with a band
shift (left) and one without (right)

Fig. 3 A Strong p53 expression in colorectal adenocarcinoma.
B This tumour did not show p21 immunoreactivity and showed
p53 alteration on PCR-SSCP analysis. Immunostaining for p53
with a StrepABC technique with light haematoxylin counterstain

lymphomas [44], high-grade astrocytomas [26] and sar-
comas [12, 23], p21 seems to be dependent predominant-
ly on p53 induction, while in most others, such as lung
[31], laryngeal [34], cutaneous [43], urothelial [10], gas-
tric [39, 45] and oesophageal [39] tumours, p21 expres-
sion is independent of the p53 pathway and frequently
seems to be related to cell differentiation. Moreover,
even for a single tumour type, different studies have
shown different results: for breast carcinomas, for exam-
ple, some studies suggest that p21 expression is related
to p53 [5, 17], while others suggest that p21 may be ex-
pressed by p53-independent mechanisms [4, 36].

The relation between p53 alterations and p21 expres-
sion is not only of academic interest, since, if in a given
tumour type it can be demonstrated that p21 expression
is dependent upon induction by wild-type p53, it could
be suggested that the concurrent evaluation of p21 and
p53 alterations could give valuable information on the
integrity of the p53 pathway. This in turn could be of



clinical value. Theoretical considerations and in vitro
studies suggest that integrity of the p53 pathway plays a
major part in determining cellular chemo/radiosensitivity
[22, 28, 32]. Chemo/radiotherapy induces DNA damage,
which activates p53 function, and this in turn blocks the
cell cycle to allow DNA repair or apoptosis. However, in
vivo studies relating p53 status and chemo/radiosensitiv-
ity are not conclusive. In breast carcinomas, for example,
conflicting results have been reported: some studies sup-
port the hypothesis that tumours without p53 alterations
show a larger benefit from therapy [9, 16], while others
make any such hypothesis seem weak [1, 38]. In a recent
paper we proposed the hypothesis that in breast carcino-
mas the combined immunohistochemical evaluation of
p53 and p21 expression may provide valuable clinical in-
formation concerning the response to systemic adjuvant
therapy [6].

In the present study we have demonstrated that, in a
large series of CC, p21 expression is related to p53. This
observation, which is in keeping with the findings of

some previous studies [13, 15, 37, 40], suggests that in
CC, unlike most other human neoplasms, p21 expression
is mainly dependent on p53 induction and may probably
be considered as a marker of integrity of the p53 path-
way. Although not universally accepted [41], this hy-
pothesis suggests that further studies on CC, relating the
alterations of p53 and p21 to clinical outcome of the pa-
tients, could be of interest. Investigation of the clinical
response of CC to radio/chemotherapy in relation to p53
and p21 alterations could be even more interesting, since
it has been suggested that in CC mutated p53 increases
sensitivity to radiation and drugs [25].

The above relation between p21 expression and p53
function in CC shows some exceptions. In our series we
detected 17 cases with high p21 expression in spite of
p53 alterations, and in 8 of these there were concurrent
IHC and PCR-SSCP p53 alterations. We might speculate
that in these cases mutated p53 is still able to activate the
expression of the p21/WAF1 gene [29] or that high p21
expression is related to posttranscriptional mechanisms
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Table 2 Relation between p53
SSCP band shift and p53 over-
expression

p53 IHC p53 IHC Total
≥40% <40%

p53 SSCP with band shift 39 (83%) 8 (17%) 47 (46%)
p53 SSCP without band shift 21 (38%) 35 (62%) 56 (54%)
Total 60 (58%) 43 (42%) 103

P=0.000003a
a Chi-square

Table 3 Relation between p21
immunoreactivity and p53 sta-
tus

p53 IHC p53 IHC p53 SSCP p53 SSCP
>=40% <40% Shift No shift

p21>=10% 15 (44%) 18 (56%) 9 (27%) 24 (73%)
p21<10% 43 (66%) 22 (34%) 37 (57%) 28 (43%)

P=0.048a P=0.005a
a Chi-square

Table 4 Relation between p53
status as evaluated with IHC
and SSCP and p21 expression

p21>=10% p21<10% Total

p53 IHC<40 and SSCP without band shift 16 (50%) 16 (50%) 32 (33%)
p53 IHC≥40 and SSCP without band shift 8 (40%) 12 (60%) 20 (20%)
p53<40 and SSCP with band shift 2 (25%) 6 (75%) 8 (8%)
p53 IHC≥40 and SSCP with band shift 7 (18%) 31 (82%) 38 (39%)
Total 33 65 98
P 0.03a

aP-value referred to comparison between cases with normal p53 expression and without mutation
(row 1) and cases with p53 overexpression and mutated (row 4); variance analysis (ANOVA) fol-
lowed by post hoc test by Sidak’s method

Table 5 Relation between p53
and p21 WAF1 expression and
p53 SSCP band shift

p53 SSCP p53 SSCP Total
Band shift No band shift

p53 IHC<40 and p21 WAF1<10 6 16 22
p53 IIC<40 and p21 WAF1≥10 2 16 18
p53 IHC≥40 and p21 WAF1<10 31 12 43
P53 IHC≥40 and p21 WAF1≥10 8 7 15
Total 47 51 98
P 0.00002a

a Cases with p53 overexpres-
sion and low p21 (row 3) vs
those without p53 overexpres-
sion with any p21 value (rows
1 and 2); variance analysis
(ANOVA) followed by post
hoc test by Sidak’s method.



[19, 27]. Alternatively, it must be borne in mind that p21
induction is indeed multifactorial (reviewed in [11]) and
that p53, although important, is not the only inducer of
p21 expression in CC [11, 42]. The hypothesis has in-
deed been put forward that in normal colonic epithelia
cell–cell or cell–stroma interactions may contribute to
cell-cycle control influencing the replicative machinery
resulting in induction of p21 in a topographically re-
stricted pattern [15]: this regulation is progressively lost
in the adenoma–carcinoma sequence in CC [13, 35], but
it is reasonable to suppose that in some CC it might be at
least partially conserved. In a previous study on CC we
did indeed observe that in a few cases there was a sort of
compartmentalisation of p21 expression in superficial ar-
eas of the tumours or in areas of more pronounced glan-
dular differentiation [13]. In the present study we con-
firmed this observation, which is in keeping with the hy-
pothesis that in some CC p21 expression could still be
under the control of mechanisms related to topographi-
cal/differentiation patterns [15].

In 16 of our cases, we detected low p21 expression in
spite of “normal” p53 at the IHC and PCR-SSCP levels.
These cases could represent situations in which p53 is in-
deed altered but neither IHC-based nor PCR-SSCP-based
analyses can detect these alterations. Alternatively, these
cases could reflect situations in which normal p53 is un-
able to induce high expression of p21 because of altera-
tions of the p21 itself (which are known to be very rare).
A further hypothesis concerns alterations in the p21 post-
transcriptional metabolism, such as degradation pathways.

In the present series of cases p53 alterations at the
IHC or PCR-SSCP level were seen in 58% and 46% of
CC respectively; when the combined data from IHC and
PCR-SSCP analyses were considered, p53 alterations
were seen in 67% of cases. These data are in keeping
with the large series of data in the literature concerning
p53 alterations in CC, and further underscore the fact
that each of these analyses may underestimate the real
frequency of p53 alterations, emphasising that each
should be considered complementary to the other.

In conclusion, our study shows that p21 expression in
CC is mainly related to p53 functional status, supporting
the hypothesis that p21 expression could be an interest-
ing adjunct in the evaluation of the functional status of
the p53 pathway in CC. Moreover, our data suggest that
further studies coupling p53 and p21 analysis in relation
to clinical outcome and possibly therapy response in CC
could provide clinically relevant information.

Acknowledgements The authors thank the skilful technical assis-
tance of Ms. Federica Prosdocimi. The present study has been
supported by a grant from the Lega per la Lotta ai Tumori – Sede
trentina.

References

1. Archer SG, Eliopoulos A, Spandidos D, Barnes D, Ellis IO,
Blamey RW, Nicholson RI, Robertson JFR (1995) Expression
of ras p21, p53 and c-erbB-2 in advanced breast cancer and re-
sponse to first line hormonal therapy. Br J Cancer
72:1259–1266

2. Baas IO, Mulder J-W, Offerhaus GJA, Vogelstein B (1994) An
evaluation of six antibodies for immunohistochemistry of mu-
tant p53 gene product in archival colorectal neoplasms. J Pa-
thol 172:5–12

3. Barbareschi M, Caffo O, Doglioni C, Fina P, Marchetti A,
Buttitta F, Leek R, Morelli L, Leonardi E, Bevilacqua G,
Dallapalma P, Harris AL (1996) p21(WAF1) immunohisto-
chemical expression in breast carcinoma: correlations with
clinicopathological data, oestrogen receptor status, MIB1 ex-
pression, p53 gene and protein alterations and relapse-free sur-
vival. Br J Cancer 74:208–215

4. Barbareschi M, Caffo O, Veronese S, Leek RD, Fina P, Fox S,
Bonzanini M, Girlando S, Morelli L, Eccher C, Pezzella F,
Doglioni C, Palma PD, Harris A (1996) Bcl-2 and p53 expres-
sion in node-negative breast carcinoma: a study with long-
term follow-up. Hum Pathol 27:1149–1155

5. Bukholm IK, Nesland JM, Karesen R, Jacobsen U, Borresen
AL (1997) Relationship between abnormal p53 protein and
failure to express p21 protein in human breast carcinomas. J
Pathol 181:140–145

6. Caffo O, Doglioni C, Veronese S, Bonzanini M, Marchetti A,
Buttitta F, Leek R, Dalla Palma P, Harris AL, Barbareschi M
(1996) Prognostic value of p21WAF1 and p53 expression in
breast carcinoma: an immunohistochemical study in 261 pa-
tients with long term follow-up. Clin Cancer Res 2:1591–1599

7. Cayrol C, Knibiehler M, Ducommun B (1998) p21 binding to
PCNA causes G1 and G2 cell cycle arrest in p53-deficient
cells. Oncogene 16:311–320

8. Cho KR, Vogelstein B (1992) Genetic alterations in the adeno-
ma-carcinoma sequence. Cancer 6:1727–1731

9. Clahsen PC, Vandevelde CJH, Duval C, Pallud C, Mandard
AM, Delobellederoide A, vandenBroek L, Sahmoud TM, Van-
devijver MJ (1998) p53 protein accumulation and response to
adjuvant chemotherapy in premenopausal women with node-
negative early breast cancer. J Clin Oncol 16:470–479

10. Clasen S, Schulz WA, Gerharz CD, Grimm MO, Christoph F,
Schmitzdrager BJ (1998) Frequent and heterogenous expres-
sion of cyclin-dependent kinase inhibitor WAF1/p21 protein
and mRNA in urothelial carcinoma. Br J Cancer 77:515–521

11. Cox LS (1997) Multiple pathways control cell growth and
transformation: overlapping and independent activities of p53
and p21(Cip1/WAF1/Sdi1). J Pathol 183:134–140

12. Dei Tos AP, Doglioni C, Piccinin S, Maestro R, Mentzel T,
Barbareschi M, Boiocchi M, Fletcher CD (1997) Molecular
abnormalities of the p53 pathway in dedifferentiated liposar-
coma. J Pathol 181:8–13

13. Doglioni C, Pelosio P, Laurino L, Macrì E, Meggiolaro E, Fav-
retti F, Barbareschi M (1996) p21/WAF1/CIP1 expression in nor-
mal mucosa and in adenomas and adenocarcinomas of the colon:
its relationship with differentiation. J Pathol 179:248–253

14. El-Deiry WS, Tokino T, Velculsecu VE, Levy DB, Parsons R,
Trent JM, Lin D, Mercer WE, Kinzler KW, Vogelstein B
(1993) WAF1, a potential mediator of p53 tumor suppression.
Cell 75:817–825

15. El-Deiry WS, Tokino T, Waldman T, et al (1995) Topological
control of p21 Waf1/Cip1 expression in normal and neoplastic
tissues. Cancer Res 55:2910–2919

16. Elledge RM, Gray R, Mansour E, Yu YY, Clark GM, Ravdin P,
Osborne CK, Gilchrist K, Davidson NE, Robert N, Tormey
DC, Allred DC (1995) Accumulation of p53 protein as a possi-
ble predictor of response to adjuvant combination chemothera-
py with cyclophosphamide, methotrexate, fluorouracil, and
prednisone for breast cancer. J Natl Cancer Inst 87:1254–1256

17. Ellis PA, Lonning PE, Borresendale A, Aas T, Geisler S, Ak-
slen LA, Salter I, Smith IE, Dowsett M (1997) Absence of p21
expression is associated with abnormal p53 in human breast
carcinomas. Br J Cancer 76:480–485

18. Fujiwara T, Stolker JM, Watanabe T, Rashid A, Longo P,
Eshleman JR, Booker S, Lynch HT, Jass JR, Green JS, Kim H,
Jen J, Vogelstein B, Hamilton SR (1998) Accumulated clonal
genetic alterations in familial and sporadic colorectal carcino-
mas with widespread instability in microsatellite sequences.
Am J Pathol 153:1063–1078

564



19. Fukuchi K, Tomoyasu S, Nakamaki T, Tsuruoka N, Gomi K
(1998) DNA damage induces p21 protein expression by inhib-
iting ubiquitination in ML-1 cells Bba. Mol Cell Res
1404:405–411

20. Goldberg Y, Nassif II, Pittas A, Tsai LL, Dynlacht BD, Rigas
B, Shiff SJ (1996) The anti-proliferative effect of sulindac and
sulindac sulfide on HT-29 colon cancer cells: alterations in tu-
mor suppressor and cell cycle-regulatory proteins. Oncogene
12:893–901

21. Hao XP, Du MQ, Bishop AE, Talbot IC (1998) Imbalance be-
tween proliferation and apoptosis in the development of colo-
rectal carcinoma. Virchows Arch 433:523–527

22. Heidenreich A, Schenkman NS, Sesterhenn IA, Mostofi KF,
Moul JW, Srivastava S, Engelmann UH (1998) Immunohisto-
chemical and mutational analysis of the p53 tumour suppres-
sor gene aml the bcl-2 oncogene in primary testicular germ
cell tumours. APMIS 106:90–99

23. Hisaoka M, Okamoto S, Morimitsu Y, Tsuji S, Hashimoto H
(1998) Dermatofibrosarcoma protuberans with fibrosarcoma-
tous areas – molecular abnormalities of the p53 pathway in fi-
brosarcomatous transformation of dermatofibrosarcoma protu-
berans. Virchows Arch 433:323–329

24. Ilyas M, Tomlinson IPM, Novelli MR, Hanby A, Bodmer WF,
Talbot IC (1996) Clinico-pathological features and p53 ex-
pression in left- sided sporadic colorectal cancers with and
without microsatellite instability. J Pathol 179:370–375

25. Jessup JM, Loda M, Bleday R (1998) Clinical and molecular
prognostic factors in sphincter-preserving surgery for rectal
cancer. Semin Radiat Oncol 8:54–69

26. Jung JM, Bruner JM, Ruan SB, Langford LA, Kyritsis AP,
Kobayashi T, Levin VA, Zhang W (1995) Increased levels of
p21(WAF1/Cip1) in human brain tumors. Oncogene 11:2021–
2028

27. Li XS, Rishi AK, Shao ZM, Dawson MI, Jong L, Shroot B,
Reichert U, Ordonez J, Fontana JA (1996) Posttranscriptional
regulation of p21(WAF1/CIP1) expression in human breast
carcinoma cells. Cancer Res 56:5055–5062

28. Lowe SW, Bodis S, Mcclatchey A, Remington L, Ruley HE,
Fisher DE, Housman DE, Jacks T (1994) p53 status and the
efficacy of cancer therapy in vivo. Science 266:807–811

29. Ludwig RL, Bates S, Vousden KH (1996) Differential activa-
tion of target cellular promoters by p53 mutants with impaired
apoptotic function. Mol Cell Biol 16:4952–4960

30. Marchetti A, Buttitta F, Pellegrini S, Diella F, Campani D,
Cecchetti D, Merlo C, Callahan R, Bistocchi M (1993) p53
mutations and histological type of invasive breast carcinoma.
Cancer Res 53:4665–4669

31. Marchetti A, Doglioni C, Barbareschi M, Buttitta F, Pellegrini
S, Bertacca G, Chella A, Merlo G, Angeletti CA, Dallapalma
P, Bevilacqua G (1996) p21 RNA and protein expression in
non-small cell lung carcinomas: evidence of p53-independent
expression and association with tumoral differentiation. Onco-
gene 12:1319–1324

32. Milner J (1995) DNA damage, p53 and anticancer therapies.
Nat Med 1:879–888

33. Morin P, Vogelstein B, Kinzler KW (1996) Apoptosis and
APC in colorectal tumorigenesis. Proc Natl Acad Sci USA
93:7950–7954

34. Nadal A, Jares P, Cazorla M, Fernandez PL, Sanjuan X, Her-
nandez L, Pinyol M, Aldea M, Mallofre C, Muntane J, Tras-

erra J, Campo E, Cardesa A (1997) P21(WAF1/Cip1) expres-
sion is associated with cell differentiation but not with p53
mutations in squamous cell carcinomas of the larynx. J Pathol
183:156–163

35. Polyak K, Hamilton SR, Vogelstein B, Kinzler KW (1996)
Early alteration of cell-cycle-regulated gene expression in co-
lorectal neoplasia. Am J Pathol 149:381–387

36. Rey MJ, Fernandez PL, Jares P, Munoz M, Nadal A, Peiro N,
Nayach I, Mallofre C, Muntane J, Campo E, Estape J, Cardesa
A (1998) p21(WAF1/Cip1) is associated with cyclin
D1(CCND1) expression and tubular differentiation but is inde-
pendent of p53 overexpression in human breast carcinoma. J
Pathol 184:265–271

37. Ropponen KM, Kellokoski JK, Lipponen P, Pietilainen T, Es-
kelinen M, Alhava E, Kosma VM (1999) p21/WAF1 expres-
sion in human colorectal carcinoma: association with p53,
transcription factor AP-2 and prognosis. Br J Cancer (in press)

38. Rozan S, Vicent Salomon A, Zafrani B, Validire P,
DeCremoux P, Bernoux A, Nieruchalski M, Fourquet A,
Clough K, Dieras V, Pouillart P, Sastre Garau X (1998) No
significant predictive value of c-erbB-2 or p53 expression re-
garding sensitivity to primary chemotherapy or radiotherapy in
breast cancer. Int J Cancer 79:27–33

39. Seta T, Imazeki F, Yokosuka O, Saisho H, Suzuki T, Koide Y,
Isono K (1998) Expression of p53 and p21(WAF1/CIP1) pro-
teins in gastric and esophageal cancers: comparison with mu-
tations of the p53 gene. Dig Dis Sci 43:279–289

40. Sinicorpe FA, Roddey G, Lemonie M, Ruan S, Stephens LC,
Fraizer ML, Shen Y, Zhang W (1998) Loss of p21WAF1/CIP1
protein expression accompanies progression of sporadic colo-
rectal neoplasms but not hereditary non-polyposis colorectal
cancers. Clin Cancer Res 4:1251–1261

41. Slebos RJC, Baas IO, Clement M, Polak M, Mulder J-W, van
der Bergh FM, Hamilton SR, Offerhaus GJA (1996) Clinical
and pathological associations with p53 tumor-suppressor gene
mutations and expression of p21WAF1/CIP1 in colorectal car-
cinomas. Br J Cancer 74:165–171

42. Stinchcomb DT (1995) Constraining the cell cycle: regulating
cell division and differentiation by gene therapy. Nat Med
1:1004–1006

43. Tron VA, Tang LR, Yong WP, Trotter MJ (1996) Differentia-
tion-associated overexpression of the cyclin-dependent kinase
inhibitor p21(waf-1) in human cutaneous squamous cell carci-
noma. Am J Pathol 149:1139–1146

44. Villuendas R, Pezzella F, Gatter K, Algara P, Sanchezbeato M,
Martinez P, Martinez JC, Munoz K, Garcia P, Sanchez L,
Kocialkowsky S, Campo E, Orradre JL, Piris MA (1997)
p21(WAF1/CIP1) and MDM2 expression in non-Hodgkin’s
lymphoma and their relationship to p53 status: a p53+,
MDM2–, p21– immunophenotype associated with missense
p53 mutations. J Pathol 181:51–61

45. Yasui W, Akama Y, Kuniyasu H, Yokozaki H, Semba S,
Shimamoto F, Tahara E (1996) Expression of cyclin-depen-
dent kinase inhibitor p21(WAF1/CIP1) in non-neoplastic mu-
cosa and neoplasia of the stomach: relationship with p53 status
and proliferative activity. J Pathol 180:122–128

46. Zeng YX, El-Deiry WS (1996) Regulation of p21(WAF1/CIP1)
expression by p53-independent pathways. Oncogene 12:1557–
1564

565


