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The control of cell proliferation is one of key issues in
cancer progression. Mutations and deregulation of genes
involved in the regulation of normal cell cycle progres-
sion are frequent events in human cancer. p21(waf1/
cip1) protein belonging to the Kip1/Cip1 family of cyclin-
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Defects in the mechanisms controlling the cell cycle are crucial in cell transformation and/or tumor progression.
p21(waf1/cip1) is an inhibitor of cyclin-dependent kinases, induced by p53-dependent and p53-independent path-
ways, which can block progression through the cell cycle. p21(waf1/cip1) expression has been investigated immuno-
histochemically in a series of 115 endometrial carcinomas, 62 cases of endometrial hyperplasias, and 62 cases of
normal endometium (33 in proliferative phase and 29 in secretoty). The association between p21(waf1/cip1) expres-
sion with hormone receptor status, c-erbB-2 and other cell cycle related proteins p53, Rb, Êi-67, PCNA) was
assessed by univariate analysis. Nuclear p21 (waf1/cip1) expression was statistically higher in the group of carcino-
mas compared with normal proliferative (p = 0.005) and secretory (p = 0.0012) endometrium. In addition, this
expression was higher in hyperplastic lesions compared with normal proliferative (p = 0.02) and secretory (p = 0.04)
endometrium. A statistically significant positive relationship of p21(waf1/cip1) expression with progesterone recep-
tor status (p = 0.007), p53 protein (p = 0.001), pRb (p < 0.0001) and the two proliferative associated indices Ki-67
and PCNA (p < 0.0001) was observed. These data indicate that the expression of p21(waf1/cip1) protein seems to be
an early event in endometrial carcinogenesis and is strongly associated with other cell cycle related proteins.
Key Words: p21 (waf1/cip1), ER, PR, p53, Rb, PCNA, Ki-67, endometrial lesions.

Íàðóøåíèÿ êîíòðîëÿ êëåòî÷íîãî öèêëà ÿâëÿþòñÿ êðèòè÷åñêèìè ñîáûòèÿìè â òðàíñôîðìàöèè êëåòîê è/èëè îïóõîëåâîé
ïðîãðåññèè. Áåëîê p21(waf1/cip1) ÿâëÿåòñÿ èíãèáèòîðîì öèêëèíçàâèñèìûõ êèíàç è ìîæåò áëîêèðîâàòü ïðîãðåññèþ
îïóõîëè ïóòåì êîíòðîëÿ êëåòî÷íîãî öèêëà. Ýêñïðåññèÿ p21(waf1/cip1) áûëà èññëåäîâàíà ñ ïîìîùüþ
èììóíîãèñòîõèìè÷åñêèõ ìåòîäîâ; îáúåêòîì èññëåäîâàíèÿ ñëóæèëè îáðàçöû òêàíè ýíäîìåòðèÿ ÷åëîâåêà: 115 ñëó÷àåâ
êàðöèíîìû, 62 — ãèïåðïëàçèè è íîðìàëüíîãî ýíäîìåòðèÿ â ïðîëèôåðàòèâíîé (33) èëè â ñåêðåòîðíîé (29) ôàçàõ
ìåíñòðóàëüíîãî öèêëà. Àññîöèàöèÿ ýêñïðåññèè p21(waf1/cip1) è ðåöåïòîðîâ ãîðìîíîâ, c-erbB-2 è äðóãèõ áåëêîâ,
ñâÿçàííûõ ñ ðåãóëÿöèåé êëåòî÷íîãî öèêëà (p53, Rb, Êi-67, PCNA), áûëà èññëåäîâàíà ñ ïîìîùüþ ìåòîäà óíèâàðèàíòíîãî
àíàëèçà. ßäåðíàÿ ýêñïðåññèÿ p21 (waf1/cip1) áûëà âûøå ïðè ãèïåðïëàçèè è ðàêå ýíäîìåòðèÿ â ñðàâíåíèè ñ íîðìàëüíûì
ýíäîìåòðèåì â ôàçå ïðîëèôåðàöèè (p = 0.02 è p = 0.005 ñîîòâåòñòâåííî) è ñåêðåöèè (p = 0.04 è p = 0.0012 ñîîòâåòñòâåííî).
Âûÿâëåíà ñòàòèñòè÷åñêè çíà÷èìàÿ ïîëîæèòåëüíàÿ âçàèìîñâÿçü ýêñïðåññèè p21(waf1/cip1) ñ ýêñïðåññèåé ðåöåïòîðà
ïðîãåñòåðîíà (p = 0.007), áåëêà p53 (p = 0.001), pRb (p < 0.0001), Êi-67 è PCNA (p < 0.0001). Ýòè äàííûå ñâèäåòåëüñòâóþò
î òîì, ÷òî ýêñïðåññèÿ áåëêà p21(waf1/cip1) ñâÿçàíà ñ ðàííèìè ýòàïàìè êàíöåðîãåíåçà ýíäîìåòðèÿ è àññîöèèðîâàíà ñ
ýêñïðåññèåé ðÿäà äðóãèõ áåëêîâ — ðåãóëÿòîðîâ êëåòî÷íîãî öèêëà.
Êëþ÷åâûå ñëîâà: p21 (waf1/cip1), ER, PR, p53, Rb, PCNA, Ki-67, ýíäîìåòðèé.
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dependent kinase inhibitors is a potent negative regula-
tor of cell cycle, and it has been suggested that it may
function as tumor suppressor gene. p53 is a transcrip-
tion factor able to stop cell cycle of the G1 phase and to
induce apoptosis [1–3]. The mechanism by which wild-
type p53 elicits its growth-suppressive effect is not com-
pletely known, but induction of the p21 gene and the
corresponding protein probably plays a significant role
in this process [3]. However, the relationship between
p53 and p21(waf1/cip1) is not clear-cut, since p21 (waf1/
cip1) can be also induced in a p53-independent man-
ner in response to drugs, growth factors and factors in-
ducing cell differentiation [4–7]. In endometrial carcino-
ma a limited studies of immunohistochemical p21(waf1/
cip1) expression have been done [8–13]. Some of the
studies have failed to demonstrate a correlation between
p21(waf1/cip1) expression with nuclear grade or Inter-
national Federation of Gynaecology and Obstetrics
(FIGO) stage [8, 11], while other investigators found that
low p21(waf1/cip1) expression was significantly asso-
ciated with poor histologic grade [9]. In addition, it has
been suggested that women whose tumors overexpress
p21(waf1/cip1) have better prognosis than those that do
not [8, 9]. However, in multivariate Cox regression ana-
lysis, its expression wasn’t considered as an indepen-
dent prognostic indicator in endomertrial carcinoma [9].
It has been found that p21 (waf1/cip1) expression was
irrespective of p53 overexpression or mutation of its gene
[8] in endometrial carcinoma. Similar results have been
found in other kinds of tumors [14–16]. Another study
showed a relationship of p21 (waf1/cip1) with p53 ex-
pression [9] in endometrial carcinomas. The aim of the
present study was to investigate the immunohistochem-
ical expression of p21(wif1/cip1) in normal, hyperplastic
and malignant endometrium in order to elucidate the role
of its expression in endometrial carcinogenesis. In ad-
dition, to research possible correlations of their expres-
sion with p53 dependent or independent pathway as
wells as with other biological markers implicated in en-
dometrial carcinogenesis. Finally, p21(waf1/cip1) ex-
pression was correlated with clinicopathological features
and other potentially prognostic indicators in order to in-
vestigate its biological behaviour in endometrial carci-
noma.

MATERIALS AND METHODS
We examined 85 surgical specimens from patients

with endometrial carcinoma. All patients underwent a
total abdominal hysterectomy/bilateral salpingo-
oophorectomy. None received preoperative pelvic ra-
diation. In addition, samples of curetting adenocarci-
noma (n = 30), hyperplasia, (n = 62: 21 cases of simple
hyperplasia, 28 of complex and 13 of atypical hyper-
plasia) and normal endometrium (n = 62: 33 prolifera-
tive, 29 secretory) were also studied. Histologically, all
carcinomas were classified as endometrioid-type and
in each case using standard hematoxylin and eosin
(H&E) morphologic examination we evaluated the fol-
lowing parameters: the nuclear and architectural grade,
the mitotic activity expressed as the number of mitotic

figures per 10 high-power fields (HPF), the presence
of vessel invasion and squamous differentiation. His-
tologic grading and surgical staging was based on the
revised FIGO criteria [17].

Immunohistochemical staining. Immunohis-
tochemical analysis was performed on 4 µm tissue sec-
tions from formalin-fixed, paraffin-embedded tissue
placed on poly-L-lysine-coated glass slides. In brief,
sections were deparaffinized in xylene and dehydra-
ted. Sections stained for p21(waf1/cip1), c-erbB-2,
p53, Rb and Ki-67 were immersed in citrate buffer
(0.1 M, pH 6.0) in plastic Coplin jars and subjected to
microwave irradiation twice for 6 min. The heat medi-
ated antigen retrieval method was not used for ER, PR
and PCNA staining. Subsequently, all sections were
treated for 30 min with 0.3% hydrogen peroxide in
methanol to quench endogenous peroxidase activity
and then incubated with primary antibodies. We used
the method of avidin-biotin-peroxidase complex (ABC)
as previously described [18] and developed the chro-
mogen with immersion of the slides in a diaminobenzi-
dine-H2O2 substrate for 5 min. The slides were coun-
terstained in Harris’ haematoxylin, dehydrated and
mounted. To assess the specificity of the reaction in all
cases a negative (no primary antibody) control was
used. The sources and dilutions of the antibodies used
are shown in Table 1.

Immunohistochemical evaluation of p21(waf1/
cip1), c-erbB-2, p53, Rb, Ki-67 and PCNA. Only in-
tense membrane cytoplasmic (c-erbB-2), or nuclear
p21(waf1/cip1), p53, Rb, ki-67, PCNA immunostaining
was considered to represent the expression of these
proteins. Immunoreactivity was calculated as the per-
centage of positive epithelial cells in relation to the total
number of cells encountered in 10 representative high
power fields (at least 1000 cells). The immunoreactivity
was interpreted by light-microscopic examination and
evaluated independently by two observers. Differences
in the interpretation were reconciled by re-review of slides
separately or jointly at a double-headed microscope.
The staining was evaluated only in the areas with well-
preserved tissue morphology and away from necrosis
or artefacts. The distribution of p21(waf1/cip1) staining
according to the previous study [9] was categorized as
diffuse (> 50% of epithelial positive cells), moderate (10–
50% of epithelial positive cells), focal (1–9% of epithelial
positive cells) or negative (< 1% of epithelial positive
cells). Based on other studies, only cases showing stai-
ning at least 10% of endometrial cell nuclei were con-
sidered to be p53 positive [19]. Cases were scored as

Table 1.  Antibodies used 

Antibodies Supplier Dilution Incubation time 
p21(waf1/cip1,clone-DCS-6) Dako  1 : 40 1 h* 
c-erbB-2 (OM-11-925) I CI, Cambridge 1 : 500 1 h∗ 
Rb (AB-5) Oncogene 1 : 80 Overnight∗ 
p53 (DO-7, IgG2b) Ylem 1 : 200 1 h∗ 
PC-10 Dako 1 : 50 1 h 
Ki-67 Dako 1 : 10 Overnight* 
ER Dako 1 : 50 1 h 
PgR Dako 1 : 75 1 h 
* With microwave oven antigen retrieval. 
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pRb negative if no nuclear staining of endometrial cells
or focal staining (< 10% of cells) was observed and con-
tiguous pRb positive control cells were present. Cases
were scored as pRb positive if nuclear staining was hete-
rogeneous (> 10% of positive endometrial cells) or dif-
fuse. Nuclear epithelial staining was considered positive
for ki-67 and PCNA expression and for statistical ana-
lysis the cases were divided into groups using a semi-
quantitative approach; into 2 groups for Ki-67 (< 10%,
> 10% of positive cells) and into 3 groups for PCNA
(< 10%, 10–50%, > 50% of positive cells). The subcate-
gories were chosen after it was observed that the cases
were divided into nearly equal groups.

Hormone receptor status. ER and PR receptor
expression was determined immunohistochemically
using both ER and PR receptor specific antibodies and
staining kits from Dako. ER and PR immunoreactivity
was evaluated by examination of positive epithelial cell
nuclei (0, no positive cells; 1, < 10%; 2, 11–50%; 3,
51–80%; 4, > 80% positive cells). In accordance with
Segreti et al [20], an immunoreactive score of 2 and
higher was considered to be positive.

Data analysis. The data were entered into a mi-
crocomputer and statistical analyses were performed
using the software SPSS (Statistical Package for the
Social Sciences) for Windows (version 6). The associ-
ation of continuous variables was confirmed using Stu-
dent’s t-test, one-way analysis of variance (one way
ANOVA), logistic regression, and χ2-test.

RESULTS
Nuclear p21(waf1/cip1) protein expression was ob-

served in all groups. This expression was higher in the
group of carcinomas compared with the normal proli-
ferative (p = 0.005) and secretory endometrium (p =
0.01). In addition, this expression was higher in hyper-
plastic lesions compared with normal proliferative (p =
0.02) and secretory (p = 0.04) endometrium. The stai-
ning pattern of p21(waf1/cip1) protein expression in ma-
lignant endometrium is shown in the Figure.

Endometrial carcinomas. The mean value of
p21(waf1/cip1) protein expression was 6.38% in the
carcinomas group. Diffuse staining pattern of its ex-
pression (> 50% of neoplastic cells) was observed in
6/115 (5.2%) of the cases, moderate (10–50% of neo-
plastic cells) in 16/115 (13.9%) of the cases, focal po-
sitivity (1–10% of neoplastic cells) in 25/115 (21.7%) of

the cases, while 68/115 (59.1%) were negative (< 1%
positive neoplastic cells). The relationship of p21(waf1/
cip1) immunoreactivity with the clinicopathological fea-
tures studied was unsignificant (Table 2).

A statistically significant positive relationship of
p21(waf1/cip1)  protein expression with progesterone
receptors (p = 0.007), with proteins pRb (p = 0.007)
and p53 (p = 0.001) as well as with the proliferation
associated indices ki-67 (p < 0.0001) and PCNA (p <
0.0001) was found (Table 2, 3). A trend of correlation
of its expression with estrogene receptor was also ob-
served (p = 0.076).

Hyperplastic endometrium.  The mean value of
p21(waf1/cip1) in hyperplastic cases was 1.56%. Mod-
erate expression (10–50% of hyperplastic cells) was ob-
served in 4/62 (6.5%) of the cases, focal immunoreacti-
vity (< 10% of hyperplastic cells) in 9/62 (14.5%) of the

Table 2. Correlations of p21(waf1/cip1) expression with clinicopathological 
features in endometrial carcinomas  

p21(waf1/cip1) expression  Pat ient ’s characteristics 
(–) (+) 

p value 

Menopausal status  
< 45 
45–55 
> 55 

 
5 

19 
38 

 
1 
7 

39 

 
 

NS 

Grade 
1 
2 
3  

 
24 
28 
14 

 
14 
21 
12 

 
 

NS 

FIGO stage 
I 
II 
III 
IV 

 
37 
9 
6 
1 

 
17 
5 
5 
2 

 
 

NS 
 

Vessel invasion 
(–) 
(+) 

 
39 
13 

 
15 
15 

 
NS 

Squamous metaplasia 
(–) 
(+) 

 
 

46 
13 

 
 

29 
 

 
 

NS 

ER 
< 10 
> 10 

 
47 
12 

 
29 
11 

 
0.076 

PgR 
< 10 
> 10 

 
55 
11 

 
29 
17 

 
0.007 

 
Table 3 . p21(waf1/cip1) expression in correlation with other biological 
markers in endometrial carcinomas  

p21(waf1/cip1) expression  Marker expression 
(–) (+) 

p value 

p53 
< 10 
> 10 

 
58 
8 

 
33 
14 

 
0.001 

Rb 
  0 
< 10 
> 10 

 
49 
14 
5 

 
10 
25 
12 

 
 

< 0.0001 
 

c-erbB-2 
< 25 
> 25 

 
53 
3 

 
22 
7 

 
NS 

bcl-2 
< 10 
10–50 
> 50 

 
51 
9 
6 

 
24 
8 
5 

 
 

NS 
 

MIB1 
< 10 
> 10 

 
64 
4 

 
28 
19 

 
<0.0001 

PCNA 
< 10 
10–50 
> 50 

 
35 
20 
13 

 
6 

11 
29 

 
 

< 0.0001 

 

Figure. Nuclear p21 (waf1/cip1) expression in a case of endome-
trial carcinoma (ABC-method; original magnification 200 ×)
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cases and absence or presence of scanty positive cells
(< 1% of hyperplastic cells) in 49/62 (79%) of the cases.
p21 (waf1/cip1) expression was higher in atypical hyper-
plasia than in simple (p = 0.069) or complex hyperplasia
(p = 0.057). In addition, a statistically significant positive
relationship of its expression with progesterone receptor
status (p = 0.003), (p < 0.0001) and p53 (p = 0.017) pro-
teins as well as with the proliferation associated indices
Ki-67 (p < 0.0001) and PCNA (p = 0.001) was revealed.

Normal endometrium. Proliferative phase: The
mean value of p21(waf1/cip1) expression in prolifera-
tive endometrium was 0.52%. Focal immunoreactivity
(< 10% of epithelial cells) was observed in 4/33 (12.1%)
of the cases while absence or presence of scanty po-
sitive cells (< 1% of epithelial cells) was noted in 29/33
(87.9%) of the cases.

Secretory phase: The mean value of p21(waf1/
cip1) expression in normal secretory endometrium was
3.66%. Moderate p21(waf1/cip1) expression (10–50%
of positive epithelial cells) was detected in 2/29% (6.9%)
of the cases, focal expression (< 10% of epithelial cells)
was observed in 4/29 (13.8%) of the cases, while ab-
sence or presence of scanty positive cells (< 1% of
epithelial cells) was found in 23/29 (79.3%) of the cas-
es. A statistically significant positive relationship of p21
(waf1/cip1) expression with pRb expression (p = 0.036),
bcl-2 (p = 0.038) and a marginal correlation with es-
trogen receptor status (p = 0.057) was observed.

DISCUSSION
The prognostic impact of age, FIGO stage, histolo-

gic type, and histologic grade is well established in en-
dometrial carcinoma, which is among the most common
gynecologic malignancies. Recent advances in mole-
cular biology have shown that alterations in genes con-
trolling proliferation or apoptosis may play major role in
human carcinogenesis. The activation and inactivation
of the cyclin-dependent kinases regulate the orderly
transition from one stage of the cell cycle to the next.
p21, the product of the waf1/cip1 gene is a small protein
that acts as a cyclin-dependent kinase inhibitor medi-
ating p53-induced G1 arrest following DNA damage and
maintaining growth arrest in terminally differentiated cells.
In the current study we found higher p21(waf1/cip1) ex-
pression in neoplastic and hyperplastic endometrium
compared with normal endometrium, while no statisti-
cally significant difference of p21(waf1/cip1) expression
between malignant and hyperplastic endometrium was
observed. These data may suggest that its expression
may be an early event in endometrial carcinogenesis.
The results of our study showed no correlation with tu-
mor grade or FIGO stage according to the findings of
other investigators [8]. However, Salvesen et al [9] found
low p21 (waf1/cip1) expression to be associated with
poor histological grade in endometrial carcinomas. Ex-
tensive research concerning the dependence or inde-
pendence of p21 (waf1/cip1) expression and p53 gene
status have been done. Elevated levels of p21 (waf1/
cip1) protein in response to both p53-dependent and
p53-independent signals appear to mediate cell-cy-

cle arrest, predominantly at the G1 phase of the cell
cycle. It is thought that p21 (waf1/cip1) exert this effect
by inhibiting the cyclin-dependent kinases (cdks) that
are required to drive the cell division cycle. Because of
its central role it is possible that alteration in p21(waf1/
cip1) itself may be responsible for progression in tu-
mours where p53 is wild type. However, p21 (waf1/
cip1) also might be activated by a pathway that is not
dependent on the wild-type p53 [6, 21]. Thus, the re-
lationship between immunostaining for p53 and
p21(waf1/cip1) is not completely elucidated. In our study
we found a relationship of p21 (waf1/cip1) expression
with p53 expression according to the findings of other
investigators [9]. This association was found in both
endometrial carcinomas and the cases of hyperplasia.
However, the results of other studies found no correla-
tion of their expression in endometrial carcinomas [8]
and in other types of tumors [22, 23].

Although the importance of ER and PR has not been
well established yet as in breast carcinomas [24–26], it
has been suggested that the ER/PR status in gyneco-
logical tumors, and especially in endometrial carcinomas,
may have a prognostic significance. In addition, PR ap-
peared to be the most reliable means for predicting sur-
vival in endometriod adenocarcinoma of the endometri-
um, independent of other clinicopathological parameters
[26]. A very limited number of studies has investigated
the p21 (waf1/cip1) expression with hormonal receptor
status in endometrial carcinomas. Some investigators
found an inverse relationship of its expression with
progestrone receptors status [11, 12], while other didn’t
find any correlation [13]. In a more recently study, in endo-
metrial cancer cell line, it has been found that, progester-
one induced the cyclin-dependent kinase inhibitor p21,
thereby significantly reducing the percentage of prolife-
rating cells [27]. In the present study a positive relation-
ship of p21 (waf1/cip1) expression with progesterone re-
ceptor, in both endometrial carcinomas and in cases of
hyperplasias was found, suggesting the hormone depen-
dent nature of this cell-cycle regulatory protein in an hor-
mone-target organ such as endometrium.

It has been shown that p21(waf1/cip1) is able to
arrest the cell cycle at the G1 phase inhibiting DNA
replication through interaction with proliferating cell nu-
clear antigen [28]. The results of our study showed a
strong relationship of p21(waf1/cip1) expression with
the cells cycle related proteins (pRb, PCNA and Ki-67)
suggesting its implication in cell proliferation and in the
development of these lesions. In addition, it has been
shown that high PCNA or Ki-67 or p53 indices have
correlated with aggressive behavior in tumors of vari-
ous sites including endometrial carcinomas [29–32].
Abnormalities of the Rb gene have been reported to
contribute to the development of endometrial cancer,
but the existing studies are relatively few and with con-
flicting results. Some authors reported an altered pRb
expression of the protein especially in high grade and
advanced endometrial tumors [33]. On the other hand,
the results of previous studies showed that p21 (waf1/
cip1) over-expression was correlated with better sur-



204 Experimental Oncology 25, 200-205, 2003 (September)

vival [8, 9]. So, p21(waf1/cip1) expression seems to be
associated with possibly aggressive biological marker.
This paradoxical phenomenon could be explained by
its implication in early stage of endometrial carcino-
genesis implicated in cell turnover.

Overexpression of c-erbB-2 protein is a frequent
and prognostically relevant event in a variety of human
cancers. In endometrial carcinoma, c-erbB-2 protein
expression has been correlated with prognosis even
though there was no correlation with depth of invasion,
stage or histological grade has been found [34]. In the
current study, we found no association of p21(waf1/
cip1) expression with c-erbB-2 in all groups studied.

There is evidence showing that p21(waf1/cip1) pro-
tein mediates apoptosis by holding them in cell-cycle
arrest [35, 36]. Paradoxically, however, cell fusion ex-
periments have shown that apoptosis may be triggered
irrespectively of the p21(waf1/cip1) levels and cell-cycle
status of a cell [37]. In a previous recently study [10]
the authors demonstrated no significant correlation of
p21(waf1/cip1) immunoreactivity and the apoptotic in-
dex in endometrial carcinomas. In our study we found
a positive relationship of p21(waf1/cip1) expression with
bcl-2 expression only in secretory phase of normal en-
dometrium where the p21(waf1/cip1) expression was
higher compared to the other non malignant groups and
a high level of progesterone receptor exist. So, it is pos-
sible that at this phase of normal menstrual cycle the
apoptotic/p21(waf/cip1)/progesteron-dependent path-
way may take place.

In conclusion, the data showed a higher p21(waf1/
cip1) expression in malignant and hyperplastic en-
dometrium in comparison to normal menstrual one,
suggesting its implication in early stage of endometrial
carcinogenesis. In addition, p21(waf1/cip1) expression
seems to be implicated in cells proliferation in both
malignant and hyperplastic endometrium. Furthemore,
the positive correlations of its expression with other
potentially poor prognostic indicators, related to cell-
cycle, may indicated its cooperation with these mark-
ers in cell-cycle regulation.
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