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IMMUNOEXPRESSION OF TUMOR 
SUPPRESSOR GENES P53, P21WAF1/CIP1 AND
P27KIP1 IN HUMAN ASTROCYTIC TUMORS

Mário Henrique Girão Faria1, Régia Maria do Socorro Vidal do Patrocínio2,
Manoel Odorico de Moraes Filho3, Silvia Helena Barem Rabenhorst4

ABSTRACT - The aim of the present study was to evaluate the tumor suppressor genes p53, p21WAF1/CIP1 and
p27KIP1 expression in astrocytic tumors, correlating the findings with the histopathological grade (WHO). An 
immunohistochemical study of the p53, p21 and p27 proteins using the streptavidin-biotin-peroxidase meth-
od was performed in fifty-five astrocytomas (13 grade I, 14 grade II, 7 grade III and 21 grade IV) and five sam-
ples of non-tumor brain tissue (negative control). p53 positive indices (PI) and labeling indices (LI) showed 
tendency to increase according to malignant progression. The nuclear expression of p27 presented similar 
inclination, except for the PI reduction verified in grade IV tumors. Otherwise, the cytoplasmic p27 staining 
was more evident between high-grade tumors (III and IV). p53 and nuclear p27 expression was correlated 
with the histological classification (p<0.01; test H). On the other hand, p21 indices revealed a propensity to 
reduction in agreement with malignant evolution of the astrocytic tumors, except for high scores observed 
in grade IV tumors. The non-tumor samples did not show any expression of these proteins. These results in-
dicated the p53 mutation as an initial, relevant and potentially predictor of tumor progression event in as-
trocytomas, with the detection of p21 protein as an important resource for the deduction of functional sit-
uation of this gene. Moreover, the activation of p27KIP1 was preserved in the astrocytic tumors and its cyto-
plasmic manifestation seems to be resultant of its nuclear expression, not demonstrating a direct impact in 
astrocytomas tumorigenesis.
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Imuno-expressão dos genes supressores tumorais p53, p21WAF1/CIP1 e p27KIP1 em tumores astrocíticos huma-
nos

RESUMO - O presente estudo objetivou avaliar a expressão dos supressores tumorais p53, p21WAF1/CIP1 e p27KIP1

em tumores astrocíticos humanos, correlacionando os achados com a graduação histopatológica (OMS). 
Procedeu-se o estudo imuno-histoquímico para as proteínas p53, p21 e p27 utilizando o método da estrep-
tavidina-biotina-peroxidase em 55 astrocitomas (13 do grau I, 14 do grau II, 7 do grau III e 21 do grau IV) e 5 
amostras de tecido cerebral não-tumoral (controle negativo). Os índices de positividade (PI) e de marcação 
(LI) para p53 demonstraram tendência de aumento conforme a progressão maligna. A expressão nuclear 
do p27 apresentou semelhante inclinação, exceto pela redução do PI verificada nos tumores do grau IV. Já 
a marcação citoplasmática do p27 foi mais evidente entre tumores de alto grau (III e IV). As expressões de 
p53 e p27 nuclear demonstraram correlação com a classificação histológica (p<0,01; teste H). Por outro lado, 
os índices para p21 manifestaram propensão à redução conforme a evolução maligna dos tumores astrocí-
ticos, salvo significante aumento observado nos tumores do grau IV. Não houve expressão dessas proteínas 
nas amostras não-tumorais. Tais resultados indicaram a mutação do p53 como um evento inicial, relevante 
e potencialmente indicador de progressão maligna nos astrocitomas, sendo a detecção da proteína p21 um 
importante recurso para a dedução da situação funcional desse gene. Além disso, a ativação do p27KIP1 mos-
trou-se preservada nos tumores astrocíticos e sua manifestação citoplasmática parece ser reflexo de sua ex-
pressão nuclear, não demonstrando impacto direto na tumorigênese dos astrocitomas.
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Astrocytomas constitute the main histological type 
among the primary tumors of the central nervous sys-
tem (CNS). Although corresponding only to 1.32% of 
all neoplasms annually diagnosed, astrocytic tumors 
represent the most frequent solid tumor in childhood 
and the second cause of death by cancer in this age 
group, behind only leukemia. In adults, the mean 
five-year survival rate for these tumors is approxi-
mately 32%, constituting the ninth and tenth cause 
of cancer mortality among men and women, respec-
tively1. The World Health Organization (WHO) clas-
sifi es astrocytomas according to different grades of 
malignancy (I to IV). Basically, these categories result 
from the recognition of anaplasia fi ndings (nuclear 
atypia, cell pleomorphism, mitotic activity, endotheli-
al hyperplasia and necrosis) through routine histolog-
ical analysis by light microscopy2. As an overall rule, 
the accumulation of anaplastic fi ndings seems to re-
fl ect the progression of molecular disorders acquired 
during the neoplastic transformation3. Among them, 
alterations of cyclin-dependent kinase (CDK) inhibi-
tor genes, jointly known as tumor suppressors in asso-
ciation with p53 and Rb genes, emerge as an impor-
tant pathway. The class of tumor suppressor proteins 
is considered to be the main responsible for the strict 
regulation of the cell cycle. In this way, the blockade 
of the expression or the impairment of the perfor-
mance of these molecules may result on the lack of 
control of the proliferative function, leading to the 
neoplastic process4. The tumor suppressor gene p53 is 
located on chromosome 17p13.1. Its inactivation, usu-
ally caused by mutation of a single copy followed by 
allelic loss of the remaining chromosome, was one of 
the fi rst identifi ed events in the astrocytomas tum-
origenesis, being described in approximately 60% of 
all astrocytic tumors5. The p53 protein acts basically 
as a transcription factor, activating regulatory mole-
cules of many cellular programs, including cell cycle, 
response to the DNA damage, apoptosis, cell differ-
entiation and angiogenesis. In the genetic damage 
response, for example, the p53 protein can induce 
the expression of GADD-45, which promotes (1) the 
cell cycle arrest in the G2 phase, probably through 
the association with the cyclin B/CDK1 complex, (2) 
the blockade of the replication, through the forma-
tion of suppressing complexes with the PCNA and (3) 
the feebleness of the DNA-histones interactions, en-
abling the DNA repair6. The wild-type p53 protein 
is slightly expressed in normal cells, having a short 
half-life (20-30min). However, its mutant version (in-
active) is highly stable, promoting its cell accumula-
tion and thus making its detection possible. For this 

reason, the immunohistochemical method has been 
proposed as a simple and quick way of investigating 
p53 mutations5,7.

The main transcriptional target of the p53 is rep-
resented by the WAF1 gene (also known as CIP1, SDI1,
mda-6 or CDKN1A), located on chromosome 6p21.1. 
This gene encodes a phosphated protein of 21kDa, 
which also exhibits tumor suppressing activity, de-
nominated p21WAF1/CIP1. The p21 protein acts as a nega-
tive regulator of the cell cycle, inhibiting the CDKs ac-
tivity on G1-S transition and controlling the DNA syn-
thesis (S phase) through the blockade of PCNA8. The 
direct regulation of the WAF1 expression by p53 impli-
cates that, in the presence of the mutation of the last 
one, the levels of p21 would be dramatically reduced 
or totally absent. Thus, the p21 expression would re-
fl ect the functional status of the p53 gene in a sim-
ple and accessible manner in association to detection 
of the mutated p53 protein.

Another tumor suppressor protein from the CIP/
KIP family corresponds to p27KIP1, encoded by the gene 
located on chromosome 12p13. The p27 protein pres-
ents 42% of structural homology with the p21, which 
justifi es the similarity of these proteins on the block-
ade of the cell cycle progression through the inhibi-
tion of the cyclin D/CDK4, cyclin E/CDK2 and cyclin A/
CDK2 complexes9.

An intriguing fact consists on the detection of the 
p27 protein, a remarkable nuclear regulator, in the cy-
toplasm of neoplastic cells. Recent evidences suggest 
that oncogenetic expression of kinases such as PKB 
would promote the p27 protein phosphorylation, re-
sulting in its cytoplasmic redistribution10. The presence 
of p27 in the cytoplasm would trigger its degradation 
process through ubiquitination followed by proteom-
ic complexes digestion. Thus, the sequestration and 
destruction of p27 protein would warrant the contin-
uous formation of cyclin/CDK complexes, promoting 
the cell cycle and, therefore, collaborating with the 
tumorigenic process11.

In this context, the present investigation aimed to 
evaluate the expression of tumor suppressor genes 
p53, p21WAF1/CIP1 e p27KIP1 in human astrocytic tumors of 
different histopathological grades (WHO).

METHOD
Ethical issue and casuistry – The present study was ap-

proved by the Ethics Committee of the Hospital Complex of 
the Federal University of Ceará under protocol 32/2004, re-
specting the Resolution 196/96 of the National Council of 
Health - Ministry of Health/Brazil. We examined fi fty-fi ve 
formalin-fi xed paraffi n-embedded astrocytic tumors of dif-
ferent grades (WHO) [13 grade I, 14 grade II, 7 grade III and 
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21 grade IV] from the archives of the BIOPSE® (Biomédica,
Pesquisas e Serviços Ltda. – Fortaleza, CE - Brazil), referring 
to the selected routine histopathological examinations per-
formed during the period between 1999 and 2004. As a pa-
rameter of normalcy, fi ve formalin-fi xed paraffi n-embed-
ded samples of non-tumor brain cortex obtained from the 
Department of Pathology and Forensic Medicine (Medicine 
School - Federal University of Ceará) were used. The sam-
ples were sliced at 5 µm thickness and processed for histo-
pathological evaluation (hematoxylin-eosin stain) and im-
munostaining.

Immunostaining – Immunostaining was performed ac-
cording to a previously described protocol12. For antigen re-
trieval, deparaffi nized sections were pretreated by heat-
ing in a microwave oven in 10 mM citrate buffer, pH6.0, for 
20 min. After cooling, sections were immersed in PBS con-
taining 3% hydrogen peroxide for 10 min to block endog-
enous peroxidase activity. Sections were then incubated in 
a humid chamber overnight at 4°C with the following pri-
mary antibodies: p53 (clone DO-7; dilution 1:80; DakoCy-
tomation®, USA), WAF1 (clone 4D10; dilution 1:40; Vision-
Biosystems®, UK) and p27KIP1 (clone SX53G8; dilution 1:100; 
DakoCytomation®, USA). After rinsing with PBS, slides were 
incubated with secondary antibody followed by streptavid-
in-biotin-peroxidase complex, both for 30 min at room tem-
perature with a PBS wash between each step (LSAB+ sys-
tem; DakoCytomation®, USA). The slides were developed 
with diaminobenzidine-H2O2 (DAB+ system; DakoCytoma-
tion®, USA), counterstained with Harry’s hematoxylin and 
mounted.

Histopathological and immunostaining analyses – The
immunohistochemical evaluation, as well as histopatholog-
ical reviews, was performed by three experienced analysts 
independently using direct light microscopy. The eventual 
confl icting results were jointly considered for a consensual 

defi nition. The proteins expression was quantifi ed through 
manual counting of at least 1,000 astrocytic cells in 10 dif-
ferent fi elds at a magnifi cation of x400. The positive index 
(PI) represented the percentage of tumors positive for the 
antigens studied in each group (histological grade). The la-
beling index (LI) was expressed as the percentage of pos-
itive cells for nuclear or cytoplasmic staining in each sam-
ple13: The H-score (H) takes into account the intensity of the 
cytoplasmic p27 stain expressed in values ranging from 0 to 
3+ [0 (no stain); 1+ (weak); 2+ (moderate) and 3+ (strong)], 
following methods described by McCarty et al.14.

Statistical analysis – Descriptive statistics (means, stan-
dard deviations, and frequency distributions) was deter-
mined for continuous and categorical variables. Non-para-
metric approaches (Shapiro-Wilk test, Mann-Whitney U test, 
Kruskal-Wallis H test) were performed wherever applicable 
using SPSS® 14.0 software. The results were mainly expressed 
as means ±S.D. (standard deviation). p<0.05 was considered 
to be statistically signifi cant.

RESULTS
Examples of immunostaining for p53, p21 and p27 

proteins are illustrated in Figure 1. The expression of 
these proteins was not evidenced in non-tumor astro-
cytes. The general positivity for p53, p21 e p27 (nucle-
ar) in studied astrocytic tumors was 54.98%, 34.61% 
and 80.72%, respectively. The p53 positive indices (PI: 
46.15% for grade I; 50.00% for grade II; 57.14% for 
grade III; 66.66% for grade IV) and mean scores (LI: 
7.69; 9.64; 15.28; 22.95) demonstrated a tenuous pro-
pensity to increase in agreement with histopatholog-
ical grade of the astrocytic tumors. The positive in-
dices for nuclear p27 (PI: 53.84%; 92.86%; 100.00%; 
76.19%) presented a signifi cant rise according to the 

Fig 1. Immunohistochemical staining for 

p53 [a, b], p21 [c] and p27 [d] proteins in 

formalin-fi xed paraffi n-embedded astro-

cytic tumors (x400). [a] Gemistocytic As-

trocytoma (WHO Grade II): slight staining 

(LI=14); [b] Anaplastic Astrocytoma (WHO 

Grade III): diffuse staining (LI=60); [c] Glio-

blastoma (WHO Grade IV): diffuse staining 

(LI=80); [d] Fibrillary Astrocytoma (WHO 

Grade II): moderate nuclear (LI=40) and cy-

toplasmic (LI=20; H=30) staining.
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malignant progression, even though presenting a sta-
tistically signifi cant reduction in the grade IV astrocy-
tomas. However, the scores referring to its expression 
(LI: 20.00; 30.21; 38.28; 42.38) maintained the tenden-
cy of increasing according to the tumor grade, with 
a remarkable staining in glioblastomas (grade IV): 
about 40% of the cases presented positivity in more 
than 70% of the tumor cells (LI>70) (Figure 2 and 3). 
The staining for p53 and p27 (nuclear) was correlat-
ed in a signifi cant manner with the histopathological 
classifi cation (p<0.01; Kruskal-Wallis H test).

The cytoplasmic p27 staining was observed in 
32.96% of the evaluated astrocytomas. It was verifi ed 
a tender disposition of the cytoplasmic p27 expression 
to increase according to the tumor progression, be-
ing present more frequently in high-grade (III and IV: 
42.86%) than in low-grade tumors (I and II: 23.07%). 
The mean score values for cytoplasmic p27 staining in 

Fig 2. Positive index of tumor suppressor proteins p53, p21 and 

p27 (nuclear and cytoplasmic) immunostaining according to his-

tological classifi cation of the cases studied (n=60). (*) p<0.05 

when compared to previous group (Mann-Whitney U-test).

Fig 3. Mean scores attributed to tumor suppressor proteins p53 

(LI), p21 (LI), nuclear p27 (LI) and cytoplasmic p27 (LI and H) im-

munostaining according to histological classifi cation of the cas-

es studied (n=60). LI (Labelling Index); H (H-Score); (*) p<0.05 

when compared to previous group (Mann-Whitney U-test).

Fig 4. Percentage distribution of different grades of astrocytic 

tumors according to the relationship between tumor suppres-

sor proteins p53 and p21 expression (n=55). (+) immunopositive; 

(–) immunonegative.

Fig 5. Immunohistochemical staining for tumor suppressor proteins p53 [a], p21 [b] and p27 [c] detected in the same Pilocytic Astro-

cytoma (WHO Grade I) (x400): the expression of p53 in tumor astrocytes is followed by the positive staining for p21 and p27 in sur-

rounding microglial cells (arrows).
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astrocytic tumors were slight, although having a pro-
pensity of increasing according to the tumor grade (H 
2.69; 5.85; 5.14; 7.00 e LI: 2.69; 3.71; 4.00; 6.42) (Fig-
ure 3). The concomitancy (+/+) between the nuclear 
and cytoplasmic p27 detection demonstrated similar 
inclination: 42.86% in high-grade and 22.22% in low-
grade tumors.

On the other hand, p21 indices manifested a ten-
dency of reduction according to the histopatholog-
ical grade up to grade III, contrasting with the sig-
nifi cant increases in positive and expression scores 
observed for grade IV tumors (PI: 38.46%; 28.57%; 
14.28%; 57.14% e LI: 10.38; 12.14; 5.71; 24.79). The re-
lationship between the immunohistochemical expres-
sion of the tumor suppressors p53 e p21 (transcrip-
tional target of p53) is presented in Figure 4, where it 
is noticed a small fraction (16.36%) of functional “dis-
agreement” [represented by p53(+)/p21(+)], especial-
ly for Glioblastomas (grade IV).

Curiously, it was still observed the expression of 
p21 and p27 proteins in microglia surrounding the tu-
mor cells in almost 70% of the positive cases for p53, 
notably in the high-grade astrocytomas (Fig 5).

DISCUSSION

The present investigation demonstrated a discrete 
tendency of augmentation in the number of p53 posi-
tive cases according to the histopathological grade of 
the astrocytomas, showing resembling values to the 
reported by previous studies, assembled on Table 1. 
The mean labeling indices (LI) also presented the pro-
pensity to increase according to the astrocytic tumors 
progression (Fig 3), despite the similarity of the mean 

scores published by Nayak et al.21 (0.00; 9.89; 8.15; 8.13).

The high values and the analogy between the la-
beling scores for p53 observed in different grades of 
astrocytic tumors reaffi rms the p53 gene mutation 
as an initial and relevant event in the formation of 
these neoplasms5. It is believed that the clonal prolif-
eration of the p53 mutated cells in conformity with 
tumor progression would extend the percentage of 
immunopositive cells6, indicating the increase of the 
labeling indices (LI) here presented as more reason-
able than the constancy described by Nayak et al. 21.

Among the exposed investigations (Table 1), we 
pointed out the confl icting results concerning the p53 
protein expression in pilocytic astrocytomas (grade 
I). The data presented by the current investigation 
corroborate with the fi ndings of Lang et al.16, which 
describe the immunohistochemical detection of p53 
grade I tumors, although in a higher percentage of 
the cases. This same tendency is ratifi ed by a great 
number of studies that applied molecular methodolo-
gies (more sensible and specifi c) for detecting the p53 
gene alterations, confi rming the occurrence of muta-
tions of this gene in the tumorigenesis of pilocytic as-
trocytomas (Table 2). We considered that the success 
of in situ demonstration of p53 protein in grade I as-
trocytomas reported by Lang et al.16 and by the pres-
ent study has been motivated by the high technical 
performance achieved through the maximum optimi-
zation of the applied immunohistochemical method. 
However, future studies should defi nitively explain 
the impact of p53 gene disorders in grade I astrocytic 
tumors, employing great tumor series examined by 
specifi c molecular approaches.

Table 1. Positive index (PI) values for immunohistochemical p53 expression for different grades of astrocytic tu-

mors according to various references, including the present study.

References

Grade I 
(WHO)

Grade II 
(WHO)

Grade III 
(WHO)

Grade IV 
(WHO) Total

n PI n PI n PI n PI n PI

Jaros et al.15*# 4 0 6 17.00 13 38.00 20 65.00 43 44.00

Louis et al.5 – – 8 37.50 12 58.33 14 50.00 24 50.00

Lang et al.16 7 71.00 8 63.00 16 64.51 – – 31 64.51

Kordek et al.17 8 0 9 44.40 9 33.30 30 53.30 56 41.00

Ono et al.8* – – 15 40.00 20 40.00 13 38.00 48 39.58

Khalid et al.18 – – – – – – 57 52.63 57 52.63

Kirla et al.19 – – – – 25 44.00 52 46.00 77 45.45

Pardo et al.20# – – – – – – – – 74 48.00

Nayak et al.21 15 0 38 52.63 29 48.27 70 50 152 45.39

Faria et al.* 13 46.15 14 50.00 7 57.14 21 66.66 55 54.98

n (number of cases); (*) statistical association with the histological grade; (#) statistical association with the survival.
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Many researches also report the detection of the 
p53 protein in astrocytic tumors as a prognostic fac-
tor. Jaros et al.15 and Pardo et al.20 refer to p53 protein 
as an indicator of the malignant progression, low dis-
ease-free time after surgery and low general survival. 
On the other hand, Birner et al.30 associated the p53 
protein detection to a greater sensibility of grade IV 
tumors to radiotherapy and adjuvant chemotherapy.

The confi rmation of the p53 gene mutation as an 
important molecular disorder in astrocytomas also en-
couraging the research for tools able of restoring the 
gene functions in these tumors. Using the p53 tumor 
suppressor gene restitution techniques through viral 
vectors (genetic therapy), Tsuchiya31 observed greater 
radiosensitivity among the treated grade IV astrocy-
tomas lineages, while Geoerger et al.32 demonstrated 
the induction of apoptosis and reduction of the tu-
mor growth in primary cultures and xenotransplants 
deriving from glioblastomas after transfection with 
wild-type p53 gene.

Few references on the literature explored the role of 
the tumor suppressor gene WAF1 (encoder of p21WAF1/

CIP1 protein) in the neoplastic process of the astrocy-
tomas, since its mutation was described as a rare event 
among these tumors8. Nevertheless, the fact of WAF1
being the main transcriptional target of the p53 gene 
gives a new perspective for a better functional under-
standing of this inhibiting cell cycle pathway from the 
guided gene-expression (protein products) studies10.

The analyses of the p21 protein expression in stud-

ied astrocytic tumors revealed a propensity of reduc-
tion in the percentage of the positive cases and in the 
mean labeling scores (LI) according to tumor malig-
nancy, despite the notable increases of these indices 
in grade IV astrocytomas (Figs 2 and 3). Khalid et al.18

and Kirla et al.19, studying the p21 expression in glio-
blastomas, describe positive indices of 57% and 48%, 
respectively. Ono et al.8 verifi ed similar inclination in 
the mean scores (LI) according to the tumor grade, in 
spite of the extension of this reduction to the grade 
IV tumor (22.2 for grade II, 14.0 for grade III; 10.2 for 
grade IV).

A preliminary evaluation of these fi ndings lead to 
lower p21 expression according to the malignant pro-
gression of the astrocytic tumors, despite the intrigu-
ing increase of its expression in the grade IV astro-
cytomas. However, it is convenient to examine such 
results associated to the fi ndings concerning to the 
p53 protein immunodetection (Fig 4).

Considering the incapability of the muted p53 pro-
tein to activate the p21 protein expression as well as 
the detection of this last one as an evidence of p53
functionality, it was observed that, among the differ-
ent tumor grades, similar percentages do not dem-
onstrate alteration in the p53/p21 tumor suppressor 
pathway {groups A [p53(-)/p21(-)] and C [p53(-)/p21(+)]}, 
except for grade III tumors in group C and the grade 
IV tumors notably in group A. On the other hand, 
crescent percentages of astrocytomas present altera-
tions in p53/p21 pathway according to the tumor pro-

Table 2. Percentage values of p53 gene mutation for different grades of astrocytic tumors according to various references, 

including the present study.

References Method

Grades I and II (WHO) Grade III (WHO) Grade IV (WHO)

n % n % n %

Mashiyama et al.22 SSCP 6 0 3 66.66 10 10.00

Fults et al.23 SSCP 6 0 14 37.71 25 28.00

Louis et al.5 SSCP+Seq 8 37.50 12 33.33 14 28.57

Wu et al.24 SSCP 9 0 6 16.60 38 12.15

Chozick et al.25 SSCP 15 0 7 14.28 19 31.57

Lang et al.16 SSCP+Seq 7 and 8 14.00 and 25.00 16 18.75 – –

Rasheed et al.26 SSCP 36 8.30 11 54.54 51 17.3

Patt et al.27 SSCP 7 and 18 14.30 and 5.06 4 25.00 13 0

Ono et al.8 p53/p21
SSCP+Seq

15
26.66
26.66

20
25.00
25.00

13
30.76
23.07

Hayes et al.28 SSCP 20 53.00 – – – –

Kato et al.29 Seq – – 14 64.30 27 25.90

Faria et al. p53/p21 13 and 14 30.77 and 42.86 7 57.14 21 38.09

n, number of cases; %, percentage of p53 mutation; SSCP, single–strand conformation polymorphism; Seq, sequencing; p53/p21, estimation ac-
cording to the relationship between p53 and p21 expression.
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gression {group B [p53(+)/p21(-)]}, in spite of the low-
er indices verifi ed in the grade IV tumors. Different 
fractions of the astrocytomas exhibited a functionally 
confl icting activation of the p53/p21 pathway {group 
D [p53(+)/p21(+)]}, especially the grade IV tumors.

Group B represents the cases where an altera-
tion of p53 gene surely occurred. Increasing labeling 
scores confi rms the previous fi ndings of the incidence 
of p53 mutation according to the tumor grade, sug-
gested by the augmentation of p53 protein expres-
sion. The smaller fraction of the grade III tumor in 
group C reinforces the great impact of p53 mutation 
in this tumor category. Also in group B, it was noticed 
a smaller percentage of grade IV tumors, despite the 
tendency to increase concerning the remarkable 
expression of p53 in this grade (Fig 3). Actually, we 
suggest that this confl ict may be explained by the 
expression of the wild-type p53 protein in a portion 
of glioblastomas (grade IV). This expression would oc-
cur through the activation of this tumor suppressor 
caused by other genetic alterations present in grade 
IV tumors, leading to the accumulation of a notable 
quantity of functional p53 protein, which is able to 
persist in detectable amount in tissues20. This fraction 
would probably be represented by grade IV tumors 
found in group D, where the evidence of wild-type 
p53 detection is reinforced by the positivity for p21. 
Ono et al.8 report that astrocytomas which accumu-
late the p53 protein in the absence of the p53 gene 
mutations tended to present enhanced p21 expression 
compared to the ones which accumulate mutated p53 
or did not store p53. Therefore, we suggest that the 
expressive mean increase in p21 protein expression 
verifi ed in glioblastomas is, at least partially, refl ex 
of the wild-type p53 superexpression in a portion of 
these tumors.

Another possibility for the percentage reduction 
referring to grade IV astrocytomas in group B con-
comitant to the augment in group D would be the 
superexpression of the MDM2 protein (inactivator of 
wild-type p53), resulting in little or none p21 expres-
sion despite the p53 activation. However, previous 
studies make this alternative more remote since, be-
sides the MDM2 gene amplifi cation would be verifi ed 
in only 10% of the studied glioblastomas, neither of 
these positive cases would have been detected among 
tumors with immunoexpression of the p53 protein as-
sociated to p53 gene mutation5.

It is admitted that the cases described in group 
D, including grades I and II astrocytomas, could still 
indicate the expression of p21 through independent 

pathways of the induced ones by p53. This possibil-
ity is based on the observation of p21 expression in 
knockout cells for p53 gene, triggered by cytotoxic 
agents, mitogens, inductors of cell differentiation, 
among others33. In astrocytomas, this phenomenon 
was evidenced in cell lineages in vitro34 as well as in 
biopsy materials8. We suggest that other genetic al-
terations implicated in glioblastomas (grade IV) tum-
origenesis act on mechanisms which are distinct from 
p53/p21 pathway, contextualizing the tumors catego-
rized in group A.

The inference of the p53 gene functional status 
from the immunohistochemical p53 and p21 proteins 
expression demonstrates a clear correlation with 
the detection of p53 mutations by specifi c molecu-
lar techniques, although not dispensing them8. The 
use of this strategy by the present study allowed the 
deduction of p53 gene mutation indices that follow 
the tendency of most part of the references (increase 
according to astrocytomas malignancy, except for the 
decrease observed in grade IV tumors), in spite of the 
great variability among the values pointed by differ-
ent investigations (Table 2).

With great structural and functional homology 
for p21, emerges yet the tumor suppressor p27KIP1.
Quantitative alterations of p27 protein are frequent-
ly described in human tumors, despite the p27 gene
mutations and deletions are rarely observed9. Recent 
evidences indicate that these alterations would be 
regulated by exclusively post-transcriptional mecha-
nisms, as protein degradation mediated by ubiquiti-
nes, and would infl uence directly on the tumor bio-
logical behavior11.

Few studies refer to the p27 expression in astro-
cytomas. Piva et al.35 and Mizumatsu et al.36 report 
the inverse correlation between the astrocytic tumors 
grading and the mean nuclear labeling indices (LI) 
for p27 [(44.40 for grade II; 5.86 for grade III; 2.10 for 
grade IV) and (64.0; 54.9; 48.0; 40.2), respectively]. 
On the other hand, Alleyne et al.37 and Zagzag et 
al.38 did not evidence any relationship between the 
astrocytomas malignancy graduation and the p27 im-
munoexpression. However, the present investigation 
disclosed crescent positive indices for p27 (nuclear) in 
astrocytomas according to the tumor grade, except 
for the relative reduction in grade IV tumors (Fig 2). 
The mean scores for the nuclear p27 staining demon-
strated a discrete propensity to augmentation in ac-
cordance with the astrocytic tumor grade (Fig 3). The 
highest mean score verifi ed in grade IV astrocytomas, 
in spite of the low positive index, refl ects the expres-
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sive labeling indices (LI>70) verifi ed in about 40% of 
glioblastomas.

Notwithstanding the remarkable divergences 
among different studies, the present results indicate 
that the p27 nuclear expression in astrocytomas oc-
curs proportionally to the tumor grade, refl ecting the 
functional activation of p27 as an inhibiting mecha-
nism of the neoplastic process. However, among the 
grade IV astrocytomas, significant percentages of 
cases did not express p27, demonstrating once more 
the heterogeneity of this group. We suggest that 
these tumors present activated pathways of p27 pro-
tein degradation, since higher cytoplasmic p27 levels 
were not evidenced (see ahead) and the p27 gene 
mutation is recognizably uncommon among human 
tumors. In this way, we perceive that alterations on 
the nuclear p27 protein expression only refl ect the 
tumor malignancy, not demonstrating any impact in 
astrocytomas tumorigenesis.

Most researches which evaluate the p27 expres-
sion in human neoplasms disregard the detection of 
this protein in the cytoplasm, referring to this as des-
titute of functional meaning38. However, new stud-
ies reveal that recent translated p27 protein can be 
intercepted immediately before the reentrance in 
the nucleus through phosphorylation mediated by 
protein-kinase B (PKB or Akt), oncogenetically acti-
vated. Consequently, the cytoplasm accumulation of 
p27 would represent the functional blockade of its 
functioning as tumor suppressor (nuclear), stimulat-
ing the neoplastic progression11.

The present study confi gures the fi rst analyses of 
the cytoplasmic p27 protein expression in astrocytic 
tumors. The results indicate higher positive indices for 
cytoplasmic p27 among the high-grade astrocytomas 
related to low-grade tumors (Fig 2). At the same time, 
the concomitance between the nuclear and cytoplas-
mic p27 staining was more evident in high-grade tu-
mors (42.86%). The parallel increase of the nuclear 
and cytoplasmic p27 staining in conformity with the 
progression of astrocytic tumors, associated to a high-
er concomitance of positive indices in high-grade tu-
mors, suggests that the cytoplasmic p27 expression in 
astrocytomas refl ects the nuclear expression of this 
protein, at least partially.

However, the mean values for cytoplasmic p27 
staining scores in the astrocytic tumors were modest, 
even with a slight propensity of increasing according 
to the tumor grade (Fig 3). These low cytoplasmic p27 
labeling scores may indicate that (1) the cytoplasmic 
p27 protein blockade occurs in small amounts or (2) 

an effi cient p27 protein degradation is verifi ed after 
its sequestration in the cytoplasm. In any way, the cy-
toplasmic presentation of p27 protein does not seem 
to be relevant for the tumorigenic process of astro-
cytomas.

Although current evidences did not indicate the 
participation of p27 in the promotion of astrocytic 
tumors, Mizumatsu et al.36 e Kirla et al.39 describe the 
low expression of p27 as an indicator of unfavorable 
prognosis. Chen et al.40 reported the transfection of 
the functional p27 gene in gliomas as a promising 
method for cell proliferation inhibition, while Park 
et al.41 related better results using the mutated p27
gene. Otherwise, some analysis points the p27 as an 
inducer of tumor resistence42. Lloyd et al.9 indicated 
yet the potential involvement of p27 in many mecha-
nisms, as the cell differentiation, apoptosis, cell inter-
action/adhesion and infl ammation. In such case, new 
researches will be necessary for the establishment of 
the exact role of this tumor suppressor protein in the 
astrocytomas tumorigenesis.

Furthermore, we noticed a frequent staining for 
p21 and p27 among the microglial cells surrounding 
to the astrocytic tumor tissues immunopositives for 
p53 (Fig 5), especially in high-grade tumors. The tu-
mor suppressor proteins expression in microglia was 
already described after trauma injury and even in the 
peritumoral regions of the astrocytomas43,45. Howev-
er, for the fi rst time, it is established the relationship 
among this staining and the presence of a specifi c 
molecular change in the tumor tissue. In spite of the 
intracellular autonomy related to the direct control 
of the proliferative mechanisms, we suggest that in 
some way the microglia may react to the presence of 
molecular disorders in the tumor cells44. Future studies 
should elucidate this phenomenon, as well as evalu-
ate its possible impact in the biological behavior of 
astrocytic tumors.

In conclusion, the presented results confi rm the 
p53 mutation as an initial and relevant event, as well 
as a potential indicator of malignant progression in 
the astrocytomas. The detection of the p21 protein 
represented an important resource for deduction 
of the functional situation of the p53 gene, while 
the functional activation of p27 does not seem to be
damaged by the neoplastic process in the astrocytic 
tumors. Besides, the remarkable presence of the p21 
protein among the glioblastomas (grade IV) revealed 
the superexpression of the wild-type p53 protein and/
or the participation of other molecular disorders dis-
tinct from the p53/p21 pathway in a fraction of these 
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tumors. The cytoplasmic p27 expression was charac-
terized as a refl ex of its nuclear expression, not dem-
onstrating any impact in the astrocytomas tumorigen-
esis. Finally, we emphasize that the identifi cation of 
the main molecular alterations which are involved in 
the astrocytomas tumorigenesis gives new perspec-
tive not only to the diagnosis outline and clinical pre-
diction but, above all, to the elaboration of target 
therapy, representing a new era in the oncology prac-
tice, where the individual and molecularly guided ap-
proaches will defi ne the better antineoplastic therapy.
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