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Abstract

Background: Down-regulation or overexpression of the
cyclin-dependent kinase inhibitor p27 have been ob-
served in a range of malignancies, including lung cancer.
To further elucidate the role of the molecule in tumor
growth regulation, we evaluated p27 expression in a se-
ries of non-small cell lung carcinomas (NSCLCs), and ex-
amined its relation with histology, kinetic parameters,
ploidy, and overall survival. We extended our investiga-
tion into the association of p27 levels with the presence of
Ki-ras mutations, as well as with the expression status of
p53 and pRb in tumor cells.
Material and Methods: p27, p53, and pRb status were
immunohistochemically evaluated in a total of 69
NSCLCs. In situ assays were employed to assess the ki-
netic parameters (Ki-67 immunohistochemistry for prolif-
eration index, Tdt-mediated dUTP nick end labeling assay
for apoptotic index). The ploidy status of the tumors was
assessed after staining nuclei with the Feulgen procedure,
and the presence of Ki-ras mutations was examined by re-
striction fragment length polymorphisms. All possible as-
sociations were assessed with a series of statistical meth-
ods. 
Results: Immunoreactivity for p27 was observed in the
entire series of specimens, with the mean percentage of
positive cells being 33%. Adenocarcinomas (AdCs) exhib-
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ited higher p27 levels compared to squamous cell carcino-
mas (SqCCs) (p � 0.01). An inverse correlation was es-
tablished between p27 expression and proliferation index
(PI) (r � �0.834, p � 0.01) but not with apoptotic index
(AI), whereas aneuploid tumors were characterized by
lower p27 levels than diploid ones (p � 0.01). No differ-
ence in p27 immunostaining was observed with regard to
the presence of Ki-ras mutations, whereas aberrant p53
and/or pRb expression patterns were associated with p27
underexpression (p � 0.01 for p53 status, p � 0.05 regard-
ing pRb levels, and p � 0.01 for a combined deregulation
of both proteins). Two or more alterations in the
p27/p53/pRb protein network (i.e., p27 levels lower than
the estimated mean value, overexpressed p53, and/or
aberrant pRb) were associated with increased PI and ane-
uploidy (p � 0.001 and p � 0.01, respectively). A power-
ful trend was found between p27 expression and overall
survival (p � 0.066). 
Conclusions: Our findings confirm the heterogeneity be-
tween AdCs and SqCCs, and are suggestive of an in-
creased proliferative activity in NSCLCs underexpressing
p27. Furthermore, our analysis supports the concept of
p27 forming a functionally compact network with p53 and
pRb, which is actively involved in the regulation of cellu-
lar proliferation and chromosomal stability.

Introduction
Complexes composed of cyclins and cyclin-depen-
dent kinases (CDKs) have been shown to control
cell-cycle progression through an ordered series of
events. In this regulatory process, cyclin-dependent

kinase inhibitors (CDKIs), which inactivate the
aforementioned complexes, are classified into two
families according to their structural and functional
characteristics. The INK4 family of CDKIs contains
p16, p15, p18, and p19/20, which form binary com-
plexes with CDK4 and/or CDK6, as well as D-type
cyclins. The second family, designated the CIP/KIP
group, includes p21, p27, and p57, which are able to
inhibit all types of CDKs. These proteins, also
known as “universal” CDKIs, appear to control cel-
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lular proliferation by blocking cell-cycle progression
in response to various anti-mitogenic signals (1).

Overexpression of p27 has been demonstrated
in quiescent cells, whereas proliferating cells are
characterized by lower levels of the protein (2). The
gene encoding p27 has been mapped at 12p12-
12p13.1 (3) and its product inhibits the function of
cyclin E–CDK2 complexes, and represses the tran-
scriptional activation of the cyclin A gene, thus re-
sulting in G1 arrest (4,5). These features of p27 im-
ply that it may act as an oncosuppressor protein.
Loss of p27 expression seems not to result from ge-
netic alterations (3,6). Protein levels are mainly reg-
ulated post-translationally via ubiquitin-mediated
proteolysis (2,4). Recently, the participation of acti-
vated Ras in this process has been suggested (7).

Over the last 5 years, down-regulation of p27
expression has been demonstrated in a number of
neoplasms, such as endocrine tumors, breast, col-
orectal, and ovarian carcinomas, and non-Hodgkin’s
lymphomas, and is proposed as a poor prognostic
factor (Reviewed in Lloyd et al. [1]). In lung cancer,
low levels of p27 have been reported in non-small
cell lung carcinomas (NSCLCs) with various posi-
tivity percentages and immunostaining patterns
(8–13), whereas in small cell lung carcinomas
(SCLCs), p27 has been found up-regulated (9).

The latter observation, along with a current
study demonstrating high levels of p27 expression in
a subset of aggressive B-cell lymphomas, contrasts
the postulated role of p27 as a tumor suppressor pro-
tein (14). Furthermore, Shoji et al. (11) have reported
an association of p27 with Ki-67 in lung adenocarci-
nomas (AdCs), suggesting that p27 may, in some
cases, act as a positive regulator of proliferation.

In view of these controversial findings, we com-
prehensively investigated the relation of p27 expres-
sion with the proliferative, apoptotic, and ploidy
status of the tumors, as well as the presence of ras
mutations, in a series of 69 NSCLCs. We also exam-
ined whether alterations in the cell-cycle regulators
p53 and pRb correlate with p27 protein levels, and
evaluated the impact of combined aberrant patterns
on tumor kinetics and chromosomal stability. To the
best of our knowledge, a similar study has not been
conducted thus far.

Materials and Methods
Tissue Samples

A total of 69 NSCLCs were obtained from surgically
treated patients in less than 15 min. Snap frozen
samples in liquid nitrogen stored at �70�C, and for-
malin-fixed and paraffin-embedded (FFPE) material
was available. The patients had not undergone any
chemo- or radiotherapy prior to surgical resection,
thus avoiding up- or down-regulation of cell cycle
proteins due to DNA damage (15). The material
comprised 33 adenocarcinomas (AdCs) 31 squa-

mous cell carcinomas (SqCCs), and 5 undifferenti-
ated large cell carcinomas (ULCs). Consecutive 5 �m
paraffin sections were obtained from each tumor
specimen for immunohistochemical evaluation.
Representative hematoxylin-eosin stained sections
from each tumor lesion were examined by
histopathologic examination to confirm that all tu-
mor samples contained 60% or more tumor cells. Tu-
mors were classified according to the World Health
Organization criteria and TNM system (16). The
clinicopathologic features of the patients are pre-
sented in Table 1.

Immunohistochemistry

ANTIBODIES. For immunohistochemical analysis the
following antibodies (Abs) were used: SX53G8
(class: IgG1 mouse monoclonal antibody [Mab], im-
munogen: GST-p27Kip1 fusion protein) (Dako,
Athens, Greece), MIB-1 (class: IgG1, mouse mono-
clonal, immunogen: Ki-67 nuclear antigen) (Onco-
gene Science, Biodynamics, Athens, Greece),
LM95.1 (class: IgG mouse Mab, immunogen: pRb)
(Calbiochem, Athens, Greece), DO-7 (class: IgG2b
mouse Mab, immunogen: residues 1-45 of p53)
(Dako).

METHOD. Immunohistochemistry was performed
according to the indirect biotin–streptavidin–hyper-
oxidase method, as previously described (17). All
antibodies were used in a 1:100 dilution.

CONTROLS. To discriminate false positive from pos-
itive background cells, we performed an additional
control assay in which each immunostaining assay
step was sequentially eliminated.

EVALUATION.
p27 For scoring p27 expression, tumor cells

stained at the nucleus were considered positive and
the percentage of p27 positive cells in the whole tu-
mor region was assessed.

Ki-67 Tumor cells were evaluated as positive
when nuclear staining, without cytoplasmic back-
ground, was observed. Proliferative index (PI) was
estimated as the percentage of Ki-67 positive cells in
7–10 high power fields (HPF) (total counted cells:
about 1000). 

pRb Cytoplasmic reactivity was disregarded
and only nuclear staining above any cytoplasmic
background was considered as evidence of protein
expression. The samples were divided into two cat-
egories: normal (No), in which more than 90% of
the tumor nuclei were stained, and abnormal (Ab),
when there was absence of nuclear staining in a por-
tion of (heterogeneous) or in the entire (homoge-
neous) tumor section. In addition, admixed non-
neoplastic cells showed nuclear reactivity. A mosaic
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(Continued)

Table 1. Summary of p27, Ki-ras, pRb and p53 status, kinetic parameters, ploidy and
clinicopathologic features

Survival
Status

p27 (Months
Status Ki-ras pRB p53 PI AI GI after

Patient (%) Mutations Status Status (%) (%) (%) Ploidy Histology LN Stage surgery)

1 25 1 Ab p 31.1 14.8 116.5 A AdC yes III 3*

2 N/A no N/A N/A NI NI NI NI SqC yes III 21*

3 50 no No n 28.3 11.6 117.7 A SqC no I 37*

4 8 no Ab p NI NI NI A ULC no I 0*

5 30 N/A No p 32.8 16.3 115.2 A AdC yes III 12*

6 20 N/A Ab p 45.6 10.6 176.0 A SqC yes II 35*

7 50 N/A No p 27.2 11.2 122.7 A SqC yes II 35*

8 38 N/A No p 31.0 11.4 122.1 D AdC no I 34*

9 43 no Ab p 30.3 12.0 115.2 D AdC no I 35*

10 20 no No p 40.6 11.8 122.6 A ULC yes II 9*

11 28 no No p 36.0 10.7 151.4 A SqC no I 34*

12 32 N/A Ab p 29.5 10.9 132.8 A SqC no I 35*

13 38 no No p 32.8 NI NI D SqC yes III 8*

14 27 no Ab p 38.5 11.3 129.6 A SqC yes III 8

15 19 2 Ab p 40.6 11.1 136.9 A SqC no I 34*

16 68 no No p 14.6 10.8 115.8 D AdC no I 7*

17 28 no No p 27.3 11.2 122.8 NI SqC no II 34*

18 19 no No p 43.6 14.8 119.1 D SqC yes II 11*

19 28 no No n NI 10.6 NI D AdC no I 34*

20 46 no No n 24.6 13.5 117.0 D SqC no I 34*

21 30 no No n 34.5 NI NI D SqC yes III 1*

22 44 1 No n 46.6 11.5 131.1 D AdC no I 34*

23 50 no Ab n 26.7 12.6 110.3 D AdC yes II 18*

24 58 2 No p 26.7 10.8 133.4 NI SqC no I N/A

25 42 no Ab n 21.3 11.4 115.2 D AdC no I 33*

26 36 no No p 29.2 10.1 292.0 A AdC yes II 17*

27 68 no Ab n 13.3 13.5 113.8 NI AdC yes II 14*

28 25 no Ab p 40.9 11.5 127.3 A SqC no I 33*

29 21 no Ab p 43.4 12.7 116.1 A ULC yes III 0*

30 38 1 No n 28.8 15.2 115.5 D ULC no I 32*

31 53 no No n 21.2 13.0 17.1 D AdC no I 10*

32 47 N/A No n 26.4 10.7 137.7 A AdC yes III 30*

33 20 N/A Ab n 40.7 10.8 150.9 A SqC no I 14*

34 38 N/A Ab n 34.7 10.5 169.4 D AdC no I 32*

35 31 N/A Ab p 29.2 10.8 136.5 A AdC yes II 17*

36 29 N/A No n 28.8 99.0 NI A AdC yes III 10*

37 60 no No n 28.9 13.2 19.0 A AdC yes II 12*

38 32 N/A No p 39.3 13.0 113.1 A SqC yes III 30*

39 8 no No n 54.0 10.9 60 D SqC yes III 9*

40 33 N/A No n 31.0 NI NI A ULC no I 18*

41 31 N/A No n 38.0 10.5 176.0 A SqC no I 30*
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pattern of staining with absence of immunoreactiv-
ity in a proportion of tumor cells was not interpreted
as abnormal (18,19).

p53 Tumors were considered p53 positive
when more than 20% of the tumor cells showed nu-
clear staining and the remaining tumors were scored
as negative (18,19). Slide examination was per-
formed by three independent observers (VG, PZ,
CK). Interobserver variability was minimal (p �
0.01 by �2 test).

Ki-ras Mutation Analysis

RNA EXTRACTION AND CDNA PREPARATION. Total
RNA was extracted from tissues with TriZol reagent
(Life Technologies, Anti-Sel, Athens, Greece) fol-
lowing manufacturer’s instructions. Quantity and
quality of RNAs was assessed by spectrophotometry
and agarose gel electrophoresis (20). Two micro-
grams of total RNA were reverse transcribed with
oligo-dT (NEB, BioLine, Athens, Greece) and 200U
MMLV reverse transcriptase (Life Technologies,
Anti-Sel) according to supplier’s instructions.

42 15 no No p 43.8 10.6 173.0 A SqC yes III 30*

43 42 no No n 21.4 13.5 116.1 A AdC yes II 30*

44 43 1 No n 22.3 10.7 131.9 A AdC yes III 14*

45 21 1 No n 32.9 18.9 113.7 D AdC yes II 27*

46 22 no No n NI NI NI D AdC no I 29*

47 8 no Ab p 54.4 10.5 108.8 A SqC no I 25*

48 19 no Ab p 44.0 10.5 188.0 D SqC no III 14*

49 25 no Ab n 36.9 NI NI D AdC no I 29*

50 54 2 No n 18.1 11.4 112.9 D AdC yes II 27*

51 52 no No n 20.0 12.9 116.9 D AdC yes II 15*

52 30 N/A No p 39.0 10.6 165.0 A SqC no III 29*

53 25 no Ab p 51.2 12.6 119.7 A SqC yes III 15*

54 31 1 No n 32.2 13.1 110.4 NI SqC no I 28*

55 25 no Ab p 43.3 10.8 154.1 A AdC yes II 10*

56 30 1 Ab p 47.3 10.4 118.3 A SqC yes II 11*

57 32 no Ab p 40.0 11.8 122.2 A SqC yes III 8*

58 25 no Ab p 46.0 10.6 176.7 A AdC yes II 26*

59 33 1 No p 30.4 NI NI A AdC no I 25*

60 20 1 Ab p 38.6 11.0 138.6 A AdC yes III 23*

61 40 2 No p 24.5 11.1 122.3 D AdC yes III 26*

62 25 N/A No n 41.4 11.4 129.6 A SqC no I 13*

63 N/A no Ab p 50.6 11.0 150.6 A AdC no III 25*

64 33 no Ab p 39.3 11.6 124.6 D AdC no I 25*

65 10 no Ab p 70.4 10.7 100.6 A SqC yes II 22*

66 30 2 No n 33.3 12.3 114.5 A SqC yes II 3*

67 51 no No p 20.2 10.6 133.7 D AdC no I 24*

68 8 no No p 59.1 12.1 128.1 A SqC yes II 21*

69 30 no No p NI 10.9 NI A AdC yes II 23*

Abbreviations: N/A, data not available; no mutations; 1, mutation at codon 12; 2, mutation at codon 13; NI, non-informative; Ab,
aberrant expression; No, normal expression; p, positive expression; n, negative expression; PI, proliferation index; AI, apoptotic index;
GI, growth index; A, aneuploid; D, diploid; SqC, squamous cell carcinoma; AdC, adenocarcinoma; ULC, undifferentiated large cell
carcinoma; LN, lymph node invasion; *, patient still alive.

Table 1. (Continued)

Survival
Status

p27 (Months
Status Ki-ras pRB p53 PI AI GI after

Patient (%) Mutations Status Status (%) (%) (%) Ploidy Histology LN Stage surgery)
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Statistical Analysis

We used the logarithms of the apoptotic and
growth indexes (GI: the ratio of PI to AI) to nor-
malize the variables. The possible relations be-
tween p27 and PI, AI, or GI were assessed by the
parametric Pearson’s test. Differences in p27 label-
ing indices (LIs) between tumors with different
histologic, ploidy, lymph node, p53/pRb, and ras
mutational status were analyzed by the t-test. As-
sociation between p27 levels with tumor stage and
the p53/pRb status was estimated by analysis of
variance (ANOVA). For multiple comparisons
among alterations of the p53/pRb status and p27
levels, as well as among aberrations in the entire
protein network and the kinetic parameters of the
tumors, the Scheffe test was performed. Finally, the
association between ploidy and alterations in the
above network was estimated by the �2 test, and
the Kaplan-Meier methodology was employed for
assessing the survival curves of the parameter ex-
amined in the present study. All analyses were per-
formed with the SPSS statistical package on a per-
sonal computer. Differences were considered
significant when p � 0.05.

RESULTS
Correlation of p27 Expression With
Clinicopathologic Features 

Immunoreactivity for p27 was found both in nor-
mal and cancerous cells. The signal was mostly nu-
clear and cytoplasmic staining observed in some
cases was not evaluated (Fig. 1A). Normal
bronchial epithelial cells, as well as infiltrating
lymphocytes, exhibited strong immunostaining
and served as internal positive controls. In some
well-differentiated AdCs, imunoreactivity was
lower at the center of tumor nodules, whereas in
SqCCs, p27 expression was often higher toward
the central tumor regions (Fig. 1B). The mean per-
centage of cells expressing p27 was 32.7 � 13.96%
in the examined tumors (range 8–68%). The differ-
ence in p27 levels between AdCs and SqCCs was
highly significant (mean value 38.94 � 13.21%
versus 27.47 � 12.40%, respectively; p � 0.01).
p27 immunostaining was not associated with
lymph node metastases or the stage of the tumors
(Table 2).

Correlation Between p27 Expression, Kinetic Parameters,
and Ploidy Status of the Tumors

The proliferative activity of tumor cells was assessed
by Ki-67 immunohistochemistry. The MIB-1 antibody
recognizes a nuclear non-histone protein, which is ex-
pressed throughout the cell cycle, but not in G0, thus
providing a representative marker of proliferation
(24). The mean percentage of positive cells for Ki-67
in the cancerous areas was 34.8 � 11.29%. An inverse
correlation between p27 immunoreactivity and PI was

KI-RAS MUTATION DETECTION. Codons 12 and 13 
of Ki-ras were screened for mutations in our data-
base. Briefly, polymerase chain reaction (PCR) was
performed on cDNA by introduction of artificial
Restriction Fragment Length Polymorphism (RFLP)
sites for detection of codon 12 mutations, whereas
the most common mutation at codon 13 (Gly to Asp)
was detected by employing a naturally occurring
RFLP (21). The cell lines SW480 (human colon
carcinoma) and MDA-MB231 (human breast can-
cer) carry Ki-ras mutations at codons 12 and 13,
respectively, and were used as positive controls for
Ki-ras mutation analysis (see Kotsinas et al. [21] and
references therein).

TDT-MEDIATED DUTP NICK END LABELING ASSAY

Method Double-strand DNA breaks were de-
tected by Tdt-mediated dUTP nick end labeling
(TUNEL) assay according to the procedure proposed
by Gavrieli et al. (22). 

Controls As negative control, tissue sections in-
cubated with TdT buffer without enzyme were used.
As positive control, tissue sections incubated with
DNAse I for 45 min prior to treatment with TdT
were used.

Evaluation Cells were considered to undergo
apoptosis where nuclear staining, without cyto-
plasmic background, was observed. Apoptotic in-
dex (AI) was estimated as the percentage of 
apoptotic cells in 7–10 HPFs (total counted cells:
about 1000). Slide examination was performed 
by three independent observers (VG, PZ, CK). 
Interobserver variability was minimal (p � 0.01 by
�2 test). 

DNA Ploidy Analysis

METHOD. The samples were stained using the
Thionin-Feulgen procedure (21). 

EVALUATION. The measuring procedure was
performed using the Optipath TV-based image
analysis system (Meyer Instruments of Houston,
Houston, Texas, USA) equipped with a microscope
and a video CCD camera. As internal reference
control, lymphocytes or granulocytes were used. In
each analysis, approximately 100 control and 350
tumor cells were measured. To distinguish non-
diploid from diploid cells, an upper limit of 2.5 c
was set for diploid values. Because the fraction
above 2.5 c might include proliferating diploid
cells, we also calculated the fraction of tumor cells
with DNA values above the 5 c level, which ex-
ceeds those of proliferating diploid cells. Cases
with more than 5% of cells with DNA content
above 5 c were considered as aneuploid, as previ-
ously described (23).
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Fig. 1. Representative results of p27 immunohistochemical staining. Streptavidin–biotin–peroxidase technique with the SX53G8
anti-p27 antibody (DAB as chromogen, see “Materials and Methods) and hematoxylin counterstain. (A) Adenocarcinoma (case 59)
with intermediate p27 staining (33%) 	400. Large, thick arrow indicates a stained tumor nucleus; small, thick arrow shows a stained
lymphocyte nucleus. Thin arrow points out a stained fibroblast nucleus. (B) Squamous cell carcinoma (case 24) with high p27 stain-
ing (58%) 	200.

Table 2. Relationship between p27 expression, clinicopathologic parameters, pRb status, p53 status and
Ki-ras mutations

Number p27 Mean Value p

Histology AdCs 32 38.94 � 13.21

0.001

SqCCs 30 27.47 � 12.40

Ploidy Aneuploid 39 28.33 � 11.59

0.007

Diploid 24 37.50 � 14.07

LN Yes 36 31.75 � 14.33

0.558

No 31 33.77 � 13.67

Tumor stage I 28 34.64 � 14.04

II 21 33.76 � 16.47 0.309

III 18 28.39 � 9.86

pRb status Aberrant 26 27.73 � 13.05

0.02

Normal 41 35.83 � 13.75

p53 status Positive 39 28.97 � 13.03

0.009

Negative 28 37.86 � 13.78

Ki-ras mutations Yes 14 34.71 � 12.14

0.582

No 38 32.05 � 16.36

p53pRb status Normal 22 37.14 � 13.01

1 alteration 25 35.80 � 15.30 0.002

2 alterations 20 23.90 � 8.79

Abbreviations: AdCs, adenocarcinomas; SqCCs, squamous cell carcinomas.
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Thirty nine of 63 p27-informative tumors
(61.9%) were scored as aneuploid, and were char-
acterized by significantly lower p27 levels than
diploid ones (28.33 � 11.59% versus 37.50 �
14.07%, respectively; p � 0.01; see Table 2). 

Association of p27 Levels With Ki-ras Mutations, p53, and
pRb Expression Status

Ki-ras mutations were detected in 14 of 52 p27-in-
formative tumors examined (26.9%) (Table 1, Fig. 3).
No relation was observed between p27 immunoreac-
tivity and the presence of such mutations.

Aberrant pRb expression was detected in 26 of
67 p27-informative tumors (38.8%), with p27 levels
being significantly lower in specimens with aberrant
than normal pRb status (27.73 � 13.05% versus
35.83 � 13.75%, respectively; p � 0.05; see Table 2).
Moreover, overexpression of p53 (statistically associ-
ated with p53 mutation) (18,19) was found in 39 out
of 67 p27-informative tumors (58.2%). Specimens
overexpressing p53 correlated with reduced p27 lev-
els compared to negative tumors for p53 expression
(28.97 � 13.03% for p53-positive versus 37.86 �
13.78% for p53-negative specimens, p � 0.01; see
Table 2). Concerning the combined p53/pRb status,
p27-informative tumors were classified into three
groups. The first group, possessing no aberrations,
contained 22 specimens (32.8%). The second group,
showing one alteration in either pRb or p53 status,
included 25 cases (37.3%). The third group, exhibit-
ing alterations of both pRb and p53, consisted of 20
(29.9%) specimens. p27 levels were significantly
lower in specimens of group 3 compared to the other
two (mean difference �13.24 � 3.98%, p � 0.01 for
the first and �11.90 � 3.87%, p � 0.05 for the second
group by ANOVA; see Table 2).

observed (r � �0.834, p � 0.01) for all NSCLCs, irre-
spective of the histologic type (r � �0.749, p � 0.01
for AdCs and r � �0.823, p � 0.01 for SqCCs). Fur-
thermore, the mean AI was 2 � 1.97% (a representa-
tive result of TUNEL assay is shown in Fig. 2). No cor-
relation was observed between p27 expression and
AI, either in the entire set of tumors or in any of the
histologic groups examined.

The mean GI value was 38.2 � 44.09%, with a
significant inverse correlation being established be-
tween GI and p27 immunostaining for the entire
group of tumors (r � �0.470, p � 0.01). Interest-
ingly, when histologic types were separately ana-
lyzed, the correlation remained statistically signifi-
cant for SqCCs (r � �0.454, p � 0.05), but not for
AdCs. The correlation coefficients between p27 ex-
pression and the kinetic parameters of the tumors
are presented in Table 3.

Fig 3. Representative results of Ki-ras mutation (codon
12) analysis. M, 100 bp ladder; C, control PCR fragment before
digestion (357 bps). Lanes 1, 2, 3, 5, and 6: BstNI restriction
fragment length polymorphism (RFLP) results from tumor sam-
ples (cases 19, 20, 21, 23, and 24, respectively) without codon
12 mutations (305 bps). Lane 4: BstNI PCR RFLP results of
case 22 harboring a codon 12 Ki-ras mutation (335 bps).

Fig. 2. Adenocarcinoma (case 9) with moderate apoptotic
index. Tdt-mediated dUTP nick end labeling assay (TUNEL)
(DAB as chromogen, see “Materials and Methods”) and hema-
toxylin counterstain 	200. Arrow indicates an apoptotic
nucleus.

Table 3. Correlation coefficients between p27
expression frequencies and kinetic parameters
of tumors

Tumor kinetic
parameters AdCs SqCs All specimens

Proliferation �0.749** �0.823** �0.834**
index

Apoptosis
index �0.020 0.201 0.119

Growth
index �0.362 �0.454** �0.470**

*p � 0.05.
**p � 0.01.



E. Tsoli, et al.: The p27.p53/pRb Network in NSCLCs 425

Relations of p27/p53/pRb Expression Patterns With the
Kinetic Parameters and Ploidy Status of the Tumors

With regard to the number of alterations in the
p27/p53/pRb protein network (i.e., p27 levels lower
than the estimated mean value, mutant p53, and
aberrant pRb status), tumors were divided into four
groups, harboring no or one to three aberrations.
Specimens with two and three alterations were
characterized by a significantly increased PI, com-
pared to tumors with one or no alterations (Table 4).
No differences were observed in the AI values
among the four groups examined. Moreover, GI was
significantly higher in specimens with three alter-
ations compared to specimens with no alterations
(mean difference �0.52 � 0.15, p � 0.05 by ANOVA;
Table 5). Ploidy was also associated with deregula-
tion of the above network (p � 0.01 according to �2)
(Table 5).

Survival Analysis

During the course of this study (maximal follow up,
37 months; median follow up, 24.5 months), 35 fail-
ures and 29 censored cases were recorded. In this
analysis, all patients died of disease; two patients
who died during surgery (cases 4 and 29) were ex-
cluded. Also, we had no survival data for case 24
and no p27 data for cases 2 and 63; therefore, the
analysis was performed with 64 patients. Further-
more, we had no access to data regarding postoper-
ative treatment that could help us in this analysis.
The use of the p27 median value as a cut off point re-
vealed a powerful trend (p � 0.066). In the first
group, 32 patients were included with p27 expres-
sion up to 30%; 11 of them were censored and 21
died (mean and median survival time, 21 months).
In the second group, 32 patients were included with
p27 expression higher than 30%; 18 were censored
and 14 died (mean and median survival time, 27 and
25 months, respectively). 

Discussion
In an attempt to evaluate the impact of p27 expres-
sion on tumor growth, we investigated the relation
of p27 levels with the kinetic parameters and ploidy
status of a series of 69 NSCLCs. To further elucidate
the tumorigenic mechanisms at the cellular level, we
also examined whether immunoreactivity for p27
correlated with the presence of ras mutations or the
expression status of p53 and pRb.

Detectable p27 immunostaining was observed
in all specimens, with the mean percentage of posi-
tive cells being 32.7%. Furthermore, 59.7% and
40.3% of the carcinomas were characterized by
lower and higher values, respectively. Similar per-
centages have been reported by Yatabe et al. (9). In
the majority (83.6%) of tumors, fewer than 50% of
cells were found to express p27, in accordance with
the study by Catzavelos et al. (12). Contrasting our

Table 4. PI differences between alterations in the
p27-p53-pRb network

Alterations

0 1 2 3

Alterations

0 — 2.95 12.66* 16.71**

1 2.95 — 9.72* 13.76**

2 12.66* 9.72* — 4.05

3 16.71** 13.76** 4.05 —

*p � 0.05.

**p � 0.001.

Table 5. Association between alterations in the p27-p53-pRb network, tumor kinetics, and ploidy

PI AI GI Ploidy

N Mean value p N Mean value p N Mean value p Aneup. Dip. p
Alter.

0 12  26.47 � 7.55 11  0.31 � 0.29 11  1.09 � 0.32 6 6

1 21  29.41 � 9.99 18  0.13 � 0.47 17  1.34 � 0.49 7 13

�0.0001 0.214 �0.05 0.002

2 13  39.13 � 7.73 13  0.18 � 0.33 12  1.38 � 0.35 9 4

3 17  43.18 � 9.86 17  0.02 � 0.30 17  1.61 � 0.34 17 1

Abbreviations: N; number of samples; PI, proliferation index; AI, apoptotic index; GI, growth index; Alter., alterations; Aneup.,
aneuploidy; Dip., diploidy.
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results, Esposito et al. (8) reported a fraction (11%)
of NSCLCs exhibiting no p27 expression at all, and
the mean percentage of p27-positive cells estimated
by Kawana et al. (13) was considerably lower than
ours, possibly due to tumor sample variability and
the antibody used. We mainly obtained nuclear
staining; cytoplasmic signals were also observed in
some cases and may be associated with the loss of
tumor suppressor genes like tuberin (25) or with
binding to transcriptional activators, such as Jab1
(26).

Underexpression of p27 represents a frequent
finding in human malignancies (1). Furthermore,
targeted inactivation of the protein results in hyper-
plasias of multiple organs and tumorigenesis in vivo
(27). Down-regulation of p27 rarely occurs due to
point mutations or homozygous deletions (3,6,28),
whereas DNA hypermethylation has been shown to
predominantly control p27 expression in pituitary
cancerous cell lines (29). Translational control may
also contribute to the regulation of p27 abundance
in contacted inhibited cells and cells undergoing
differentiation (30,31), while the principal mecha-
nism involves ubiquitin-mediated proteolysis fol-
lowing p27 phosphorylation (2). Notably, phospho-
rylation of the protein by cyclin E-CDK2 has been
observed in murine fibroblasts, suggesting that this
cyclin-CDK complex may promote p27 degradation
during cell-cycle progression (4). Moreover, it has
been postulated that targeted phosphorylation of
p27 by ERKs, which represent well-established Ras
effector molecules, may mediate the effects of mito-
genic stimuli upon the cell cycle (2). In agreement
with this notion, studies in growth factor-stimulated
cell lines have demonstrated the involvement of Ras
in down-regulation of p27 during late G1, thus al-
lowing entry into the S phase (7). Nevertheless, we
found no association between ras mutations and p27
expression, in accordance with the results of Catza-
velos et al. (12). Our findings suggest no interfer-
ence of Ras with p27 activity in NSCLCs.

A significantly lower percentage of cells ex-
pressing p27 was observed in SqCCs compared to
AdCs. Although decreased p27 levels have been re-
ported in SqCCs (9,10), others have failed to demon-
strate a significant difference between the aforemen-
tioned histologic types (8). However, the varying
expression status of p27 exhibited by different his-
tologic subtypes of thyroid (32), ovarian (33), en-
docrine (34), and colorectal carcinomas (35), as well
as non-Hodgkin’s lymphomas (36), indicate a poten-
tial importance of the protein in distinguishing be-
tween malignancies with different biological behav-
ior. Furthermore, we found no relation of p27
immunostaining with the presence of lymph node
metastases or tumor stage, in accordance with most
studies (8,12,13).

A significant correlation was established be-
tween GI and immunoreactivity for p27 (r � �0.470,
p � 0.01) for the entire group of specimens. This cor-

relation was sustained for SqCCs (r � �0.454, p �
0.05), but not for AdCs; the GI determinant of pro-
liferation was significantly correlated with low per-
centages of p27 only in the SqCC group, whereas
the apoptotic determinant, which is discussed later,
was similar in both groups. The specific biological
profiles of these two NSCLC subtypes may further
account for this difference (37). Moreover, according
to our results, p27 may represent another discrimi-
nating factor between AdCs and SqCCs. Positivity
for p27 and Ki-67 was inversely correlated (r �
�0.834, p � 0.01), an observation confirming the re-
sults of Kawana et al. (13). Studies conducted in
lymphoid, oral, and endocrine tumors (34,38,39)
have also yielded similar findings, pointing toward
a selective growth advantage of cells underexpress-
ing p27. However, such a correlation has not been
established for colorectal and breast carcinomas
(35,40,41). Of particular interest is the observation
of Shoji et al. (11) that in well-differentiated lung
AdCs, immunostaining patterns of p27 and Ki-67
are similar, with expression mostly occurring in the
periphery of tumor nodules, in cells possessing an
increased proliferative activity. It has been sug-
gested that the association between high cellular
p27 levels and increased proliferation may be par-
tially justified by the function of the protein as an as-
sembly factor for the mitotic cyclin A-CDK2 com-
plexes (11) or by the accumulation of inactive p27 in
its complexes with cyclin D (14). The latter hypoth-
esis was initially proposed to explain high p27 ex-
pression in aggressive B-cell lymphomas (14) and is
further reinforced by the observation that cyclin D1-
transfected cells may enter S phase without a de-
tectable change in p27 protein levels (4).

In a recent study performed on the same series of
lung biopsies, we demonstrated that increased pro-
liferation is associated with p53 mutations and/or
aberrant pRb expression (19). We now report that
combined deregulation of p27, p53, and pRb exerts
a synergistic effect on proliferative activity (Tables 4
and 5), strengthening the suggested concept—delin-
eated in Figure 4—that these cell-cycle regulators
form a tight network (1,4,5,15,42,43). In the pres-
ence of one abnormality in this protein network, no
deviation in the proliferating capacity was observed
compared to the fully normal pattern (Table 4).
However, upon the occurrence of a second “hit,” pro-
liferation activity increases significantly, reaching
even higher levels in cases with the fully abnormal
pattern (Table 4, Fig. 5). The putative mechanisms
underlying our findings are the following. Down-
regulation of p27 (low percentages of p27 positive
cells) permits cyclinD-CDK4,6-dependent phospho-
rylation of pRb (inactive pRb) resulting in S-phase
entry (42 and references therein) and additionally
releases transcriptional suppression of mitotic cyclin
A by disrupting the cyclinE-CDK2/p107-E2F com-
plexes (5). In case p53 is mutated [p53 positive
staining (18,19)], its ability to indirectly inhibit cy-
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clin-CDK complexes via p21WAF-1, in the stresso-
genic environment of tumors (e.g., hypoxia, free rad-
icals) is impaired (15,43). One of the consequences
of this impairment is accumulation of active cyclinE-
CDK2 and consequent down-regulation of p27 (4).
Finally, deletion of pRb (aberrant pRb expression)
would further confer on proliferation, possibly by

deregulating the expression of E2F targeted genes
(42 and references therein).

Overexpression of p27Kip1 appears to be more
cytotoxic to cancer cells compared to that of p21
(44,45), with apoptosis being the putative mecha-
nism underlying such cytotoxicity. However, we
found no association between p27 expression and
apoptotic index. Tenjo et al. (41) also reported the
absence of a correlation between p27 and AI in col-
orectal AdCs, along with no relation between p27
levels and mt-p53 expression. They have thus sug-
gested that apoptosis in colorectal AdCs is indepen-
dent of p53 status. In a previous study, we showed
that low AI was associated with mt-p53 expression
in the same series of lung carcinomas (19). In the
present study, we observed that reduction in p27
levels was accompanied with mt-p53. Hence, al-
though the expression status of p27 seems linked to
that of p53 in NSCLCs, it appears that p27 is not in-
volved in p53-mediated apoptosis. In contrast to
proliferation activity, the apoptotic index was inde-
pendent of defects in the p27-p53-pRb network
(Table 5). Studies in human cancer cell lines have re-
vealed that overexpression of p27Kip1 may induce
apoptosis through a p53-independent mechanism
(45). Enhanced apoptosis has also been observed in
p27-null mice, along with increased proliferation
and matrix-protein accumulation, and has been re-
lated to high CDK2 activity (46). Levkau et al. (47)
reported that cleavage of both p27Kip1 and
p21Cip1/Waf1 by CPP32 or a CPP32-like caspase leads
to their dissociation from nuclear cyclin-CDK2 com-
plexes, with subsequent induction of CDK2 activity
in apoptotic human endothelial cells. However, such
an event could be tissue specific, and further studies
are needed to elucidate the role of p27 in apoptosis.

Expression of p27 was less prominent in aneu-
ploid than diploid tumors. This observation proba-
bly stems from the impact of p27 status on the pro-
liferative activity of cancer cells. Because efficient
DNA repair occurs during G1, forced entry into the
S phase is expected to cause genetic instability.
Shortening of the G1 phase may result in additional
DNA damage, possibly due to inadequate formation
of replication forks, insufficient levels of nu-
cleotides, or diminished activity of ribonucleotide
reductase (48 and references therein). The fact that
aneuploidy was associated with the full abnormal
pattern of the p27-p53-pRb network most likely re-
flects the effect of such alterations on cellular prolif-
eration.

Finally, a strong trend was observed between
the overall survival of the examined group of pa-
tients and p27 expression. This finding is in agree-
ment with those of other groups which suggest that
p27 may represent an independent prognostic factor
for patients’ outcome in lung cancer (8–10,12).
Moreover, although Catzavelos et al. (12) found no
statistical significance between p27 protein levels
and overall survival, they considered p27 expression

Fig. 5. In a lung tumor cell, only one alteration (anno-
tated ) in the p53-p27-pRb network can be counterbal-
anced by the activity of the other network components
(alternative pathways), whereas at least two alterations
(annotated ) are required for proliferation enhance-
ment. See “Discussion” for details.

Fig. 4. The p53-p27-pRb network. p53 indirectly (via Waf1)
represses cyclin/cdk complexes (15,43) and thus enhances p27
levels (4,5). p27, as an inhibitor of the former complexes, also af-
fects pRb phosphorylation status and S-phase transition (1,42).



a prognostic marker by evaluating recurrence-free
survival data. 

In summary, we have shown that p27 expression
correlates with histologic type, proliferation activity,
and ploidy status, but not with apoptosis, in a series
of NSCLCs. A strong trend was found between over-
all survival and p27 immunoreactivity. Low levels of
p27 were associated with expression of mt-p53 and
down-regulation of pRb, yet not with the presence of
Ki-ras mutations. The most important observation
was the cooperative effect of deregulated p27, p53,
and pRb expression on tumor proliferation, further
supported by the association of aneuploidy with de-
fects in this regulatory network. Investigating the re-
lations of p27 with other molecules implicated in
cell-cycle control could enhance our understanding
of p27 function in normal and tumor cells.
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