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noreactivity for p21WA*' (Fig. 1d) with higher proportions of
p21WAF! _positive cells in OSC-1 cells and Colo 680N cells than
in the cell line OSC-2 (Table 1).

Western Blot Analysis. Western blot analysis confirmed
specificity of the p21™¥A*" antibody used in this study, showing
a single signal at M, 21,000 in each sample that has been
analyzed (Fig. 2). The three esophageal carcinoma cell lines

Fig. I Examples of p21WVAF!
immunoreactivity (brown nu-
clear reaction product) in para-
basal cell layers of normal
esophageal squamous epithe-
lium (A; X260); in parabasal
and superficial cell layers of a
severe squamous cell dysplasia
of the esophagus (B; X320); in
a moderately differentiated
SCC of the esophagus (C:
X240): and in cells of the per-
manent esophageal carcinoma
cell line OSC-1 (D; X320).

displayed much stronger signals than the four samples of esoph-
ageal SCCs and the sample of normal esophageal squamous
epithelium. OSC-1 cells and Colo 680N cells showed stronger
signals than OSC-2 cells, corresponding to the data obtained by
immunohistochemistry. The relatively weak signals of esopha-
geal SCCs in Western analysis are most probably caused by a
contamination of tumor-cell protein with protein from stromal
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Table I Expression of p21™*F! in normal esophageal epithelium, severe squamous cell dysplasias, carcinomas in situ, invasive squamous cell

carcinomas, and permanent cell lines of the esophagus

% of p21VAF! positive cells

75-100%

n 5-24% 25-49% 50-74%
Normal esophageal epithelium 10 0 100 0.0 0.0 0.0
Severe dysplasia 20 15.0 75.0 5.0 5.0 0.0
Carcinoma in situ 14 21.4 429 35.7 0.0 0.0
Squamous cell carcinoma (resected specimens) 172 26.2 36.0 20.4 12.2 5.2
Squamous cell carcinoma (pretherapeutic biopsies) 38 79 34.2 23.7 342 0.0
Esophageal carcinoma cell line 3 0.0 0.0 333 66.7 0.0
N Qé Table 2 Survival rates (%) by log-rank test of 149 surgically treated
N (&&' N N N ob‘b 5 patients with SCC of the esophagus in relation to p21™A*! expression
& ¢ ¢ o"o (,0\' o"o p21WAF! positive
tumor cells n 2-yr (* SE)  S-yr (* SE) P
Western - - - 0-4% 38 553 (x8.1) 36.1(x7.9) 0.0403
1 5-24% 55 43.6(*6.7) 22.9(%5.9)
25-49% 31 41.9(x89) 27.9(£8.3)
50-74% 16 18.8(*9.8) 6.3(x6.1)
. 75-100% 9 222(*139) I1L1(x10.5)
Im.hist. 5 2 3 1 2 4 4 3
i ) WA . o 0-49% 124 468 (*45) 27.1(%4.2) 0.0025
Fig. 2 Western blot analysis of p21 protein expression in samples 50-100% 25 12.0(*6.5) 8.0 (+5.4)

of normal esophageal squamous epithelium (Normal) and esophageal
SCCs (Ca) and in the esophageal SCC cell lines OSC-1, OSC-2, and
COLO 680N. One hundred pg of protein were loaded in each lane. The
corresponding p21™AF! protein expression levels, quantified by immu-
nohistochemistry (/m.hist.) in terms of p21¥*¥!-positive tumor cells, are
indicated below the image [/, 0-4%: 2. 5-24%: 3. 25-49%: 4, 50—
74%: and 5, 75-100% (see “‘Materials and Methods™)].

cells. This may also provide an explanation for an occasional
inconsistency between signals obtained by Western blotting and
the results of immunohistochemical analysis of esophageal SCC
samples. Direct comparison of p21"¥*F! expression in normal
esophageal squamous epithelium and corresponding carcinoma
tissue was possible in one case, showing higher levels of
p21™AF! in the cancer tissue, both by immunohistochemistry
and by Western analysis.

Correlation between p21VA¥' Expression in Invasive
Carcinomas and Response to Chemotherapy and Other
Clinico-pathological Parameters. Upon division of the 38
patients who received 3 complete courses of FLEP chemother-
apy into a group of responders (complete response or partial
response) and a group of nonresponders (no change or progres-
sive disease), tumors with low p21™AF! expression (<50%
positive tumor cells) were found more frequently in the first
group of patients than in the latter one (81.3% versus 63.6%),
whereas tumors with strong p21"VAF! expression (=50% posi-
tive tumor cells) were found to be less frequent in the group of
responders than in the group of nonresponders (18.7% versus
36.4%). However, this difference did not attain statistical sig-
nificance. No correlations were found when p21%AF! expres-
sion in the 172 surgically treated carcinomas was analyzed in
terms of pT category, pN category, and tumor differentiation
(data not shown).

p21WAF! Expression and Survival of Surgically Treated
Esophageal Cancer Patients. The overall survival of all of
the 172 patients has been followed regularly by the local tumor

register up to May 1, 1997. Four patients were lost to follow-up,
and 19 died of postoperative complications (within 30 days),
leaving 149 patients for the survival analyses. At the end of the
follow-up period, 33 (22.1%) of 149 patients were still alive.
The follow-up time for all of the 149 patients ranged from
1-224 months after surgery (median, 19 months). The follow-up
time for the 33 patients at risk ranged from 27-224 months after
surgery (median, 62 months).

To determine the prognostic impact of p2 expression
in a univariate survival analysis, patients were stratified accord-
ing to the proportion of p21™¥A¥!-positive tumor cells as de-
scribed in “Materials and Methods.” In this analysis, we ob-
served a continuous decrease of 2-year and 5-year survival rates
from tumors with low percentages of p21™A¥!_positive cells to
tumors with high percentages of p21%*¥!-positive cells (P =
0.0403). These differences in survival showed even higher sig-
nificance under the log-rank test when the original five groups
described above were combined into one group with less than
50% p21VAF'-positive cells  (2-year:5-year  survival,
46.8:27.1%) and one group with 50% or more p21™*¥'-positive
cells (2-year:5-year survival, 12.0:8.0%; P = 0.0025; Table 2:
Fig. 3A).

To determine whether p21"A*! also has prognostic impact
in a multivariate survival analysis, we performed a forward
multivariate Cox regression analysis, including the parameters
pT category, pN category, tumor grade, and p21™AF! expres-
sion. The parameters that were not dichotomic were therefore
dichotomized as follows: (a) pT category (pT1-pT2 versus
pT3-pT4); (b) tumor grade (G1-G2 versus G3-G4); and (c)
p21WAF! expression (<50% positive cells versus =50% posi-
tive cells). In that analysis, p21"VA*" expression (P = 0.0081;
relative risk, 1.80; 95% CI, 1.13-2.88), together with the pa-
rameters pN category (P = 0.0001; relative risk, 1.80; 95% ClI,

lWAFI
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Fig. 3 Overall survival in relation to expression of p21¥*F! in the
tumor tissue in 149 esophageal cancer patients treated by surgery alone
(A) and in 17 esophageal cancer patients treated by radiochemotherapy
and subsequent esophageal resection (B).

1.22-2.65), and pT category (P = 0.0166; relative risk, 1.64;
95% Cl, 1.09-2.47), was shown to have independent prognostic
impact for surgically treated esophageal cancer patients.

p21WAF! Expression and Survival of Esophageal Can-
cer Patients with Multimodal Treatment. The overall sur-
vival of all of the 38 patients had been followed up every 3
months for the first 3 years after the end of treatment and,
subsequently, every 6 months. At the end of the follow-up
period (April 15, 1997), 11 (28.9%) of 38 patients were still
alive. The follow-up time for all of the 38 patients ranged from
3 to 64 months (median, 11 months). The follow-up time for the
11 patients at risk ranged from 8 to 64 months (median, 35
months).

When the prognostic impact of p2 expression was
analyzed in all of the 38 patients with multimodal treatment, a
significant deterioration of survival with increasing percentage
of p21WAF!_positive tumor cells was observed (P = 0.0050).
The prognostic impact of p21™AF! was again of higher signif-
icance when the original five categories were combined into one
category with less than 50% p21™“AF'-positive cells and one
category with 50% or more p21VAF!-positive cells (P =
0.0006). When the prognostic impact of p21™WAF! was tested
separately in the group with definitive radiochemotherapy and
in the group with radiochemotherapy and subsequent esopha-

IWAFI

Table 3 Mean survival time by log-rank test of 38 patients with
SCC of the esophagus treated with radiochemotherapy * surgery in
relation to p21™WAF! expression

Mean survival

p21WAF!_positive tumor cells n time (mo) P
All patients 0.0050

0-4% 3 14.0

5-24% 13 18.2

25-49% 9 10.2

50-74% 13 8.6

75-100% 0

0-49% 25 18.9 0.0006

50-100% 13 8.6
Definitive radiochemotherapy 0.0532

0-49% 10 10.5

50-100% 5 9.0
Radiochemotherapy and surgery“ 0.0002

0-49% 12 23.8

50-100% 5 8.6

“ Six patients received incomplete treatment.

geal resection, 6 of the 38 patients had to be excluded because
they received incomplete treatment. In this analysis, p21™VAF!
retained its prognostic significance only marginally in the group
with definitive radiochemotherapy (P = 0.0532), whereas in the
group with radiochemotherapy and sugery, p21%AF' again
showed highly significant influence on survival (P = 0.0002;
Table 3; Fig. 3B).

DISCUSSION

The present study shows great intertumoral heterogeneity
in the proportion of p21"“AF'.expressing tumor cells among
SCCs of the esophagus, whereas complete loss of p21WAF!
expression is encountered infrequently. Our observation that a
significant portion of invasive carcinomas displays p21™AF!
overexpression as compared with the normal esophageal squa-
mous epithelium is surprising, inasmuch as p21W4F! is thought
to function as a tumor suppressor, and we had initially hypoth-
esized that p21™WAF! expression might be lost or down-regulated
in SCC of the esophagus. However, the specificity of our results
is underlined by the fact that we found similar patterns of
p21VAF! expression in two independent series of invasive
SCCs, one consisting of resection specimens and one consisting
of biopsy samples. Moreover, we found a similar, although less
pronounced, tendency for p21™WAF! overexpression in a series of
preneoplastic lesions of the esophagus. With regard to the nor-
mal esophageal epithelium, our results (expression restricted to
a few layers of parabasal cells) perfectly correspond to the data
published thus far (28, 33). Furthermore, the specificity of our
immunohistochemical investigation was confirmed by addi-
tional Western blot analyses in esophageal cancer cell lines and
in samples of normal esophageal squamous epithelium and
esophageal SCCs.

Our results are further supported by two recently published
immunohistochemical studies showing overexpression of
p21WAF! in SCC of the skin (34) and in SCC of the head and
neck (35). In the study of Yang et al. (28), who investigated 22
SCCs of the esophagus, loss of p21"VAF! expression was found

Downloaded from clincancerres.aacrjournals.org on January 21, 2022. © 1998 American Association for Cancer

Research.


http://clincancerres.aacrjournals.org/

in approximately equal frequency to p21VA¥! overexpression.
Inconclusive results have been found in studies investigating the
expression of p21"¥AF! in adenocarcinomas of different loca-
tions. Thus, in adenocarcinomas of the lung (36) and in breast
cancer (37), overexpression of p21™AF! in tumor tissues was
likewise found. In contrast, studies on ovarian cancer (37) and
colorectal cancer (38) revealed a loss of p21"¥AF! expression in
these tumor types. Interestingly, Palazzo et al. (39) found a loss
of p21WAF! expression in adenocarcinomas of the endocervix
and the endometrium, whereas in squamous cell dysplasias of
the cervix uteri, an overexpression of p21"¥! was determined.
Taken together, the current data indicate that p21VAF! is fre-
quently overexpressed at the protein level in neoplasias and
preneoplasias of squamous cell origin, whereas in adenocarci-
nomas, both overexpression and loss of expression occur.

The reasons for the apparent overexpression of p21™VA¥! in
some types of tumors as compared with their corresponding
normal tissues are less straightforward. However, several con-
siderations can be taken into account from the current knowl-
edge of p21WAF!, Within normal cells, p21VA¥! exists predom-
inantly in p21%*¥!/proliferating cell nuclear antigen (PCNA)/
cyclin/CDK quaternary complexes that are able either to
activate or to inhibit the CDK activity (40). p21VAF! causes
growth arrest only when it stoichiometrically exceeds the
amount of cyclin-CDK complexes in the cell. Thus, p21WAY!
levels may represent a threshold that cyclin-CDK complexes
have to overcome before the cell can enter into S phase. Over-
expression of cyclins in tumor cells due to genetic aberrations
(e.g., gene amplification) could result in a consecutive up-
regulation of p21™AF!, In this context, it may be of interest that
overexpression of cyclin DI has been found in approximately
one-third of SCCs of the esophagus (41).

On the other hand, it has been suggested that increased
expression of p21™WAF' may be induced by the loss of other
cyclin kinase inhibitors (e.g., p16MTS!, p1SMTS2 and p27¥'*")
and reflects a feedback mechanism used by the tumor cells in an
attempt to halt increased cell proliferation (20). More recently,
a posttranscriptional mechanism for the accumulation of
p21™AF! has been proposed, inasmuch as, in contrast to the
immunohistochemical analysis of p21™**' protein, in situ hy-
bridization showed no increase of mRNA levels in head-and-
neck cancer specimens (35). Finally, the detection of p21™VAF!
expression does not necessarily indicate functional activity of
the protein, inasmuch as it has been shown that p21"¥AF' can be
blocked by interaction with the HPV-16 E7 oncoprotein (42). In
this connection, it has to be considered that overexpression of
cellular p21™WAF! antagonists, e.g., Cdc25A (43), could also
inhibit the function of p21WAF!.

Of even more clinical significance than the explanation for
the reasons for p21"VAF! overexpression may be the potential
prognostic influence of this phenomenon. In this regard, our
investigation convincingly shows that the prognosis of surgi-
cally treated esophageal cancer patients deteriorates with in-
creasing p21"VAF! expression in both univariate and multivariate
survival analysis. Very little data exist thus far on the prognostic
significance of p21¥*F! in other human malignancies. How-
ever, in good congruency with our data, a significantly shorter
disease-free survival and overall survival has recently been
shown for p21WAF!.overexpressing tumors in a series of 42

SCCs of the head and neck (35). In contrast, p21"WAF! expres-
sion did not show any prognostic influence in breast cancer (44)
and in thyroid cancer (45).

The negative prognostic influence of p2 overexpres-
sion in at least some types of tumors is surprising, inasmuch as
p2IVAF! acts as a suppressor of proliferation and p21%WA"!
expression should, therefore, be expected to positively influence
the outcome of cancer patients. However, recent in vitro data
indicate that in addition to its antiproliferative action p21WAF!
may counterbalance p53-induced apoptosis, thereby acting as a
negative feedback mechanism in the apoptosis-inducing action
of p53 (22, 23, 46). The suggestion, therefore, has been put
forward that p21WA¥' overexpression (for whatever reason)
may contribute to tumor progression by facilitating the growth
of cells with sustained genomic instability and may contribute to
treatment resistance by diminishing the cytotoxic effect of an-
ticancer therapies that activate p53-induced apoptosis (46). This
model would provide an explanation for: (a) the in vivo obser-
vation that, in acute myelogenous leukemia, p21™VA*! overex-
pression is associated with resistance to chemotherapy (27); and
(b) a similar tendency found in our series of esophageal carci-
nomas.

Our observation that p21™**! may be of prognostic influ-
ence in esophageal cancer patients treated by combined therapy
modalities is perhaps of greater clinical interest than its prog-
nostic influence in patients treated by surgery alone. Thus,
combined-modality treatment probably improves the chance of
curing esophageal cancer patients, although the advantage over
standard therapy (surgery and radiotherapy), in terms of overall
survival and disease-free survival, has not been conclusively
shown yet (2-4). Therefore, methods that may help to distin-
guish patients who will benefit from multimodal treatment from
patients who will not would be of great clinical interest. Of
course, our data are preliminary inasmuch as we have analyzed
a relatively small number of patients who had been treated by
two different treatment protocols. However, it remains an im-
pressive finding of our study that no patient in the combined-
modality treatment group whose tumor showed more than 50%
p21WVAF! positive cells survived more than 12 months after
diagnosis.

If our data are confirmed by future prospective trials on a
larger number of patients, a simple immunohistochemical in-
vestigation using endoscopically obtained tumor samples may
provide information to the oncologist for the selection of pa-
tients either for intensive combined-therapy modality with cu-
rative intention or for palliative therapy.

]WAFI
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