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Cyclin D1 expression in non-small-cell lung cancers: its
association with altered p53 expression, cell
proliferation and clinical outcome

T Mishina 1, H Dosaka-Akita 1, I Kinoshita 1, F Hommura 1, T Morikawa 2, H Katoh 2 and Y Kawakami 1

1First Department of Medicine and 2Second Department of Surgery, Hokkaido University School of Medicine, North 15, West 7, Kita-ku, Sapporo, 060-8638, Japan

Summary Cyclin D1, like p16INK4 (p16) and retinoblastoma (RB) proteins, participates in the cell cycle control at the G1–S transition. We have
previously demonstrated altered p16 and RB protein status in non-small-cell lung cancers (NSCLCs) and their potential synergistic effect with
altered p53 protein on proliferative activity (Kinoshita et al (1996) Cancer Res 56: 5557–5562). In the present study, cyclin D1 expression was
studied by immunohistochemistry in the same cohort of 111 resected NSCLCs as in our previous study, and the amount of the cyclin D1 gene
was analysed by Southern blot analysis in 29 NSCLCs. Cyclin D1 expression was analysed in relation to the status of p53, p16 and RB
proteins, and proliferative activity determined by the Ki-67 index. It was also analysed in relation to survival of 77 patients with NSCLCs which
were potentially curatively resected between 1990 and 1995. We found that: (1) cyclin D1 was expressed in 13 (11.7%) of 111 NSCLCs; (2)
the cyclin D1 gene was neither significantly amplified nor rearranged; (3) cyclin D1 expression significantly correlated with altered p53 protein
expression (P = 0.04), whereas it did not correlate with p16 and RB protein status; (4) proliferative activity tended to be higher in cyclin D1-
positive (+) tumours than in cyclin D1-negative (–) tumours, although this difference was not statistically significant (P = 0.08); and (5) patients
with cyclin D1+ tumours survived longer than patients with cyclin D1– tumours (5-year survival rates, 89% and 64% respectively, by the
Kaplan–Meier method; P = 0.045 by the log-rank test), and cyclin D1 expression tended to be a favourable prognostic factor (P = 0.08 in
univariate analysis). These findings suggest the involvement of cyclin D1 in the development and progression of NSCLCs, their proliferative
activity and clinical outcome of NSCLC patients.

Keywords: cyclin D1; p53; p16/RB pathway; Ki-67 index; clinical outcome; non-small-cell lung cancers
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Cyclin D1 is a member of the G1 cyclin family involved in 
regulation of the G1–S transition of the cell cycle (Matsushim
al, 1991; Motokura et al, 1991), perhaps the most important c
point in the mammalian cell cycle (Weinberg, 1995; Sherr, 19
It mediates the phosphorylation and functional inactivation
retinoblastoma (RB) protein in association with the cyclin-de
dent kinases CDK4 and CDK6. Hyperphosphorylation of 
protein leads to its dissociation from transcription factors suc
E2F-1 that transcriptionally regulate growth-promoting ge
p16INK4 (p16) protein inhibits CDK4- and CDK6-mediated ph
phorylation of RB protein (Serrano et al, 1993; Hannon et al, 19
We have previously demonstrated altered p16 and RB pr
status in non-small-cell lung cancers (NSCLCs) and their pote
synergistic effect with altered p53 protein on proliferative acti
(Kinoshita et al, 1996). On the other hand, amplification an
increased expression of the cyclin D1 gene have been repor
several kinds of human cancer, including those derived from
oesophagus, head and neck, liver, and breast, with prog
importance in most of these cancers (Nishida et al, 1994; McI
et al, 1995; Naitoh et al, 1995; Åkervall et al, 1997). The ass
tion of cyclin D1 with cancer has led to the investigation of
oncogenic properties in vitro and in vivo. Cyclin D1 can ei
cooperate with the ras oncogene (Lovec et al, 1994) or complem
oro
ital
quid
t,
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a defective adenovirus E1a oncogene (Hinds et al, 1994) to 
form cultured cells. In addition, targeting of the cyclin D1 gene
the MMTV promoter and by an Epstein–Barr virus promoter
been shown to result in mammary hyperplasia and carcin
(Wang et al, 1994) and in premalignant dysplasia of the ton
oesophagus and forestomach (Nakagawa et al, 1997) respec
in transgenic mice. However, little is known about the cell–bio
ical and clinical implications of cyclin D1 in NSCLCs, although
expression has been reported in resected NSCLCs (Shapiro
1995; Betticher et al, 1996, 1997; Mate et al, 1996; Nishio e
1997; Marchetti et al, 1998; Tanaka et al, 1998).

In the present study, we examined cyclin D1 expressio
immunohistochemistry in the same cohort of resected NSCLC
in our previous study (Kinoshita et al, 1996), and the amount o
cyclin D1 gene by Southern blot analysis in a subset of tum
Cyclin D1 expression was analysed in relation to the status o
p16 and RB proteins, to the proliferative activity determined
the Ki-67 index, and to clinical outcome.

MATERIALS AND METHODS

Tumour specimens and survival data

Primary tumour specimens from 111 NSCLCs were obtaine
surgery from the Hokkaido University Medical Hospital, Sapp
Minami-Ichijo Hospital and National Sapporo Minami Hosp
during 1990 and 1995. Tumours were snap-frozen in li
nitrogen and stored at –80°C in OCT compound (Miles, Elkhar
IN, USA) for immunohistochemistry. For 29 specimens, port
of the tumour were also snap-frozen and stored at –80°C for
1289
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Table 1 Relationship between cyclin D1 expression and various
characteristics in 111 resected NSCLCs

Cyclin D1 expression

Characteristic (–) (+) P

Age (years, mean ± s.d.) 63.3 ± 9.0 64.1 ± 12.1 0.8

Gender
Male 72 9 0.7
Female 26 4

Smoking (pack years)
0–19 27 6 0.2
≥ 20 71 7

Histological typea

Adeno 62 9 0.7
Squamous 30 4
Large 6 0

pT classification
T1 30 1 0.1
T2–4 68 12

pN classification
N0 61 9 0.5
N1–3 36 3

pM classification
M0 91 12 1.0
M1 7 1

pStage
I 52 8 0.8
II 11 0
IIIa 23 3
IIIb 6 1
IV 6 1

aAdeno, adenocarcinoma; Squamous, squamous cell carcinoma; Large, large
cell carcinoma.
genomic DNA preparation. Adjacent non-frozen blocks w
fixed in 10% neutral buffered formalin and embedded in para
and then several sections from each specimen were staine
haematoxylin and eosin to observe histopathology. Accordin
the 1981 WHO classification (WHO, 1982), they were histopa
logically diagnosed as adenocarcinoma (n = 71), squamous ce
carcinoma (n = 34) and large cell carcinoma (n = 6). The post
surgical pathologic tumour, node, metastasis stage (pTNM)
determined according to the guidelines of the American 
Committee on Cancer (Beahrs et al, 1992).

Of 111 NSCLCs, 92 tumours were potentially curativ
resected. Of the 92 patients, survival was analysed for th
patients who met the following criteria: (1) they survived for m
than 3 months after surgery; (2) did not die of causes other
lung cancer within 5 years after surgery; and (3) were followe
for more than 2 years after surgery (for patients who rema
alive). Eleven patients who did not meet the above criteria 
died within 3 months after surgery, five died of causes other
lung cancer within 5 years after surgery, four were followed u
no more than 2 years after surgery), and four patients for who
survival records after surgery were obtained were excluded 
the present study. Tumour specimens were histopatholog
diagnosed as adenocarcinoma (n = 50), squamous cell carcinom
(n = 22) and large cell carcinoma (n = 5). They represented 52 sta
I, nine stage II and 16 Stage IIIA tumours. Twenty-four pati
received combination chemotherapy as post-surgical treat
Radiation therapy was not performed before or after surgery fo
patients. Because all the patients enrolled in the current study
coded, they could not be individually identified.

Immunohistochemistry for cyclin D1

Five-micrometer frozen sections of NSCLC specimens were 
in 3.7% formaldehyde in phosphate-buffered saline (PBS) (pH
at room temperature for 10 min, and microwave pretreatme
10 mM citrate buffer (pH 6.0) was performed for 10 min to retri
the antigenicity. The sections were then immersed in meth
containing 0.6% hydrogen peroxide for 20 min to block the end
nous peroxide activity, and were incubated with normal rabbit s
to block the non-specific antibody binding sites. The sections 
consecutively reacted with mouse monoclonal anti-human c
D1 antibody DCS-6 (Bartkova et al, 1994; Lukas et al, 19a)
(Oncogene Science, Inc., Manhasset, NY, USA) or with co
mouse isotype-specific immunoglobulin at 4°C overnight.
Immunostaining was performed by the biotin–streptavidin imm
peroxidase method with 3,3′-diaminobenzidine as a chromog
(SAB-PO kit; Nichirei, Tokyo, Japan). Methyl green was used
counterstain. An oesophageal cancer specimen with cyclin
expression (courteously provided by Dr M Fujita of the Departm
of Pathology, National Sapporo Hospital, Sapporo, Japan), was
as a positive control each time. Tumours were regarded as 
D1-positive (+) if at least more than several malignant cells
nuclear staining by observing one whole specimen from 
tumour. Tumours were scored as cyclin D1-negative (–) if all m
nant cells had no nuclear staining. All immunohistochemical stu
were done without knowledge of the clinical data.

Southern blot analysis

Genomic DNA was extracted from 29 NSCLC tumour specim
25 of which were studied for cyclin D1 expression by immunoh
chemistry. Southern blotting was carried out after digestion 
British Journal of Cancer (1999) 80(8), 1289–1295
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EcoRI, and hybridized to [α-32P]dCTP-labelled human cyclin D
cDNA (kindly provided by Dr A Arnold, Massachusetts Gene
Hospital, Boston, MA, USA) and cardiac actin cDNA (kind
provided by Dr F Gunning, Stanford University and Veter
Affairs Medical Center, Palo Alto, CA, USA). The final wa
was performed twice in 0.2 × saline–sodium citrate (SSC), 0.1
sodium dodecyl sulphate (SDS) at 50°C for 20 min. The blots wer
then exposed to Kodak XAR-5 film (Kodak, Rochester, NY, US
and quantitatively analysed using a densitometer. The auto
graphs were developed at various times to ensure that this an
was performed in the linear range of the film. The cyclin D1 si
intensity was normalized against the cardiac actin signal inte
The relative cyclin D1 gene amount was defined as the norma
cyclin D1 signal intensity in the tumour samples relative to tha
the normal lung control (= 1.0). The cyclin D1 gene was consid
to be amplified when the relative cyclin D1 gene amount was 
than 3.0, excluding the possibility of chromosomal aneuploidy.

Ki-67 staining and immunohistochemistry for p53, p16
and RB proteins

For Ki-67 staining, and immunohistochemistry for p53, p16 
RB proteins, the slides and results that had been previ
reported (Kinoshita et al, 1996) were used for the current s
All immunohistochemical studies were done without knowle
of the clinical data.
© 1999 Cancer Research Campaign 
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A B

Figure 1 Immunohistochemical staining patterns for cyclin D1 in primary NSCLCs. Representative cyclin D1-negative large-cell carcinoma displays no nuclear
staining of cyclin D1 (A). Representative cyclin D1-positive adenocarcinoma shows moderate nuclear staining of cyclin D1 (B)
Statistical analysis

The associations between cyclin D1 expression and categorica
ables were analysed by the χ2 test or Fisher’s exact test as app
priate. The associations between cyclin D1 expression and age
analysed by Student’s t-test. The differences of Ki-67 indice
between two groups were determined by the Mann–Whitney U-test.
The survival curves were estimated using the Kaplan–M
method, and differences in survival distributions were evaluate
the log-rank test. Cox’s proportional hazards modelling of fac
potentially related to survival was performed to identify wh
factors might have a significant influence on survival. The sig
cance level chosen was P < 0.05, and all tests were two-sided.

RESULTS

To determine cyclin D1 expression in tumour cells of NSCLCs
subjected fresh-frozen tissues from 111 resected NSCLC
immunohistochemistry for the protein. Cyclin D1 was expres
in 13 (11.7%) of 111 NSCLCs. Typical cyclin D1+ and cyclin D
tumours are shown in Figure 1. All cyclin D1+ tumours had c
but weak to moderate nuclear staining, which was confined
part of the tumour. Cytoplasmic staining was not observed in
tumour cells. On the other hand, normal epithelial cells, tum
stroma cells, and accompanying inflammatory cells were neg
for cyclin D1 expression.

To explore the mechanisms of cyclin D1 expression, Sout
blot analysis of the cyclin D1 gene was performed in 29 rese
NSCLCs, since amplification of this gene is implicated in
expression in various types of tumours (Jiang et al, 1992; Bu
et al, 1993). However, the cyclin D1 gene was not significa
amplified and no rearranged bands were found in the 29 NSC
examined (Figure 2).

After completion of immunohistochemical analysis of cyc
D1, the status of this protein was statistically analysed to corr
© 1999 Cancer Research Campaign 
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it with clinical, clinicopathological and molecular biological cha
acteristics. Cyclin D1 expression was found more frequentl
tumours with advanced pT status than in pT1 tumours (12 o
pT2–4 tumours vs only one of 30 pT1 tumours), but this asso
tion was not statistically significant (P = 0.1) (Table 1). No othe
significant association between cyclin D1 expression and o
clinical or clinicopathological parameters was observed.

Since cyclin D1 has been shown to be involved in the regula
of the G1–S transition of the cell cycle (Weinberg, 1995; Sh
1996), cyclin D1 expression was analysed in relation to the pr
erative activity of tumours determined by the Ki-67 index, an
the status of p53, p16 and RB proteins involved in the G1–S 
sition control. The Ki-67 index tended to be higher in cyclin D
tumours than in cyclin D1– tumours, although this difference 
not statistically significant (P = 0.08) (Table 2). Cyclin D1 expres
sion was found significantly more frequently in tumours w
altered p53 protein expression compared to tumours witho
(P = 0.04), whereas it did not correlate with p16 or RB pro
status (Table 2). Because p16 and RB proteins are indicat
function in a single regulatory pathway of the cell cycle (Serr
et al, 1993; Lukas et al, 1995) and are reciprocally lost in NSC
(Shapiro et al, 1995; Kinoshita et al, 1996), we divided 
tumours into two groups, the tumours retaining both p16 and
protein expression (p16+ and RB+; p16/RB+) and the tum
lacking either p16 or RB protein expression (p16– or R
p16/RB–). The difference in cyclin D1 expression between the
groups of tumours was not statistically significant (Table 2).

Finally, we analysed the relationship between cyclin D1 exp
sion and post-surgical survival for 77 patients whose tumours 
potentially curatively resected. Patients with cyclin D1+ tumo
survived longer than patients with cyclin D1– tumours (5-y
survival rates, 89% and 64% respectively; P = 0.045) (Figure 3),
and cyclin D1 expression tended to be a favourable progn
factor in univariate analysis (P = 0.08) (Table 3).
British Journal of Cancer (1999) 80(8), 1289–1295
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Cyclin D1

C-Actin

Relative gene amount 0.7 1.7 1.8 1.4 0.6 0.8 1.0 0.9 1.7 1.6 1.1 2.0 0.8 1.0

+ + – – – – – – – – – – – –IHC

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14

–4.0 kb

–2.2 kb
–2.0 kb

Cyclin D1

C-Actin

Relative gene amount 0.9 0.9 2.1 1.2 0.8 0.8 0.6 0.8 0.7 0.6 1.3 1.5 1.3 1.4

ND ND – – – – – – – – – – ND –IHC

N 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

2.2

ND

–4.0 kb

–2.2 kb
–2.0 kb

Figure 2 Southern blot analysis of the cyclin D1 gene with EcoRI-digested genomic DNA from tumour samples (Lanes 1–29) and normal lung tissues (Lane
N). Also shown is the internal control cardiac actin (C-Actin) band to which the cyclin D1 signal intensity was normalized for densitometer analysis. The relative
cyclin D1 gene amount was defined as the normalized cyclin D1 signal intensity in the tumour samples relative to that in the normal lung control (= 1.0). Relative
cyclin D1 gene amounts of 29 tumour samples ranged from 0.6 to 2.2. IHC: positive (+) or negative (–) nuclear staining for cyclin D1 determined by
immunohistochemistry. ND: not determined
DISCUSSION

The present study demonstrated expression of cyclin D1 wi
amplification of its gene in primary NSCLCs. Cyclin D1 expr
sion was frequently found in tumours with altered p53 pro
expression, and cyclin D1+ tumours showed higher prolifera
activity determined by the Ki-67 index than cyclin D1– tumo
Furthermore, cyclin D1 expression was associated wit
favourable clinical outcome. In addition, cyclin D1 expression 
found in both p16/RB+ and p16/RB– NSCLCs in this stu
results consistent with previous studies (Shapiro et al, 1
Tanaka et al, 1998).

The frequency and subcellular localization of cyclin D1 exp
sion determined by immunohistochemistry varied among stu
including the present study (Betticher et al, 1996; Nishio e
1997). We found cyclin D1 expression in 13 (11.7%) of 
British Journal of Cancer (1999) 80(8), 1289–1295
ut
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NSCLCs invariably in nucleus of tumour cells. Betticher e
(1996) reported nuclear staining of cyclin D1 in ten (18.9%) o
NSCLCs and its cytoplasmic staining in 22 (41.5%) of 
NSCLCs. On the other hand, nuclear staining of cyclin D1 
detected in 81 (38.9%) of 208 NSCLCs by Nishio et al (19
Positive cytoplasmic staining in a few squamous cell carcino
was not scored as positive staining in the study. These discr
cies of frequency and subcellular localization of cyclin D1 exp
sion may be attributed not only to the difference of antibodies
antigen retrieval methods used, but also to the difference of 
tion and preservation of materials: we used fresh, rapidly fro
tissues and fixed them in formaldehyde, although the two prev
studies used archival formalin-fixed paraffin-embedded tissue

In the absence of amplification and rearrangement of the c
D1 gene, mechanisms other than these may be responsib
© 1999 Cancer Research Campaign 
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A: cyclin D1 (–), n=68, 5-year survival 64%
B: cyclin D1 (+), n= 9, 5-year survival 89%
P = 0.045
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Figure 3 Kaplan–Meier survival curves of NSCLC patients who underwent
potentially curative resection. Survival curves of 77 such NSCLC patients are
stratified by cyclin D1 expression

Table 2 Ki-67 indices, and p53, p16 and RB protein expression in NSCLC
groups divided by cyclin D1 expression

Cyclin D1 expression

Characteristic (–) (+) P

Ki-67 indexa

Mean ± s.d. 20.3 ± 22.2 26.2 ± 17.5 0.08
Median 12.0 25.0
Range 1.0–92.0 1.8–64.6

p53b

p53– 60 4 0.04
p53+ 38 9

p16c

p16+ 69 11 0.5
p16– 27 2

RBd

RB+ 89 12 1.0
RB– 9 1

p16/RBe

p16/RB+ 60 10 0.4
p16/RB– 36 3

aDetermined for 91 cyclin D1– and 11 cyclin D1+ tumours. bp53– and p53+,
tumours without and with altered p53 protein expression respectively. cp16+
and p16–, tumours retaining and lacking normal p16 protein expression
respectively. dRB+ and RB–, tumours retaining and lacking normal RB protein
expression respectively. ep16/RB+, tumours retaining both p16 and RB
protein expression; p16/RB–, tumours lacking either p16 or RB protein
expression.

Table 3 Univariate analysis of potential prognostic factors in potentially
curatively resected NSCLCs

Hazard 95% Confidence
Characteristic ratio interval P

Age 0.99 0.95–1.03 0.5
Gender 1.89 0.78–4.62 0.2
Chemotherapy 1.74 0.85–3.5 0.1
Histological typea 1.41 0.38–5.18 0.6
pT classificationb 3.38 1.06–10.75 0.04
pN classificationc 3.47 1.45–8.33 0.005
pStaged 3.88 1.73–8.70 0.001
Cyclin D1 0.16 0.02–1.22 0.08

aSquamous cell carcinoma vs non-squamous cell carcinoma. bpT1 vs pT2–3.
cpN0 vs pN1–2. dpStage I vs pStage II–IIIa.
cyclin D1 expression. Expression of cyclin D1 has been show
be up-regulated by a complex mechanism involving RB and 
and down-regulation can be caused by oncogenic proteins of 
forming DNA viruses, including SV40 large T antigen and E6 
E7 proteins of the human papillomavirus, which are know
inactivate tumour suppressor genes such as RB and p53 (Lu
al, 1994b; Müller et al, 1994; Chen et al, 1995; Spitkovsky et
1995; Del Sal et al, 1996; Marhin et al, 1996). In the present s
cyclin D1 expression was observed not only in tumours with u
tered p53 and/or RB protein status but also in tumours with al
expression of these proteins, suggesting that p53 and RB pr
might not necessarily be involved in the regulation of cyclin
© 1999 Cancer Research Campaign 
to
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expression in NSCLCs. On the other hand, alterations of the 
ways regulated by polypeptide growth factors such as epide
growth factor (EGF) (Ravitz et al, 1996; Zhu et al, 1996), and
the ras oncogene product may contribute to cyclin D1 expres
(Filmus et al, 1994; Peeper et al, 1997). We determined expre
of the ras oncogene product by immunohistochemistry in t
cohort of NSCLCs, using our previously reported meth
(Harada et al, 1992). No significant association was obse
between cyclin D1 and ras oncogene expression (data not show
However, the association of cyclin D1 expression with K-ras
mutation and with EGF and EGF receptor expression in NSC
remains to be determined.

In the present study, we found altered p53 protein expre
more frequently in cyclin D1+ tumours than in cyclin D
tumours. Co-expression of cyclin D1 and altered p53 protein
been reported in uterine endometrial carcinomas (Nikaido e
1996). Similarly, Mineta et al (1997) reported a correla
between p53 mutations and cyclin D1 amplification in head 
neck squamous cell carcinomas. These results, including 
suggest that abnormalities of cyclin D1 and p53 may pre
simultaneously during the development and progression of ca
(Uchimura et al, 1996), which is thought to represent a mult
process involving the progressive accumulation of genetic a
ations (Fearon and Vogelstein, 1990).

The association of cyclin D1 expression with a higher Ki
index indicated increased growth potential of cyclin D1+ tumo
Expression of cyclin D1 in early G1 is reported to promote 
cycle progression through the G1 phase (Jiang et al, 1993). 
protein appears during the transition from G0 to G1, and rem
detectable for the remainder of the cell cycle and subseq
cycles (Gerdes et al, 1984). This increased growth potenti
cyclin D1+ tumours may be reflected in more frequent expres
of cyclin D1 in tumours with advanced pT status (pT2–4) tha
pT1 tumours. Alternatively, frequent expression of cyclin D1
tumours with advanced pT status may indicate that cyclin
expression is a relatively late event in the development 
progression of NSCLCs.

Patients with cyclin D1+ NSCLCs showed longer surv
periods than those with cyclin D1– NSCLCs, and cyclin 
expression tended to be a favourable prognostic factor in
cohort of NSCLCs. These findings are similar to those reporte
others (Betticher et al, 1996, 1997; Nishio et al, 1997). Cyclin
seems to play a role not only in cell cycle promotion at the
checkpoint but also in the control of apoptosis (Sofer-Levi e
British Journal of Cancer (1999) 80(8), 1289–1295



et a
ve
1+
ten
la-
ud
se 
wil
ica

pre
n o
cal

m
ec
na

age
 as
nk
A

ans
an

s

f

 an

:

d

her

on

ces

is.

n

cle
y th

f a

M
ses
n.

tein

ines.

s M
e

rtek J
ur

JA,

ca

ell

ibute

cios

ng

ous

994)

sion

and
arr
us

 D1

 T,

h

1294 T Mishina et al
1996) and growth suppresssion (Del Sal et al, 1996; Marhin 
1996). Such multifunctional properties of cyclin D1 may ha
influence on a better clinical outcome of patients with cyclin D
NSCLCs. The present cohort included a limited number of po
tially curatively resected NSCLCs in pStages I to IIIa with re
tively short periods of observation after surgery. A larger st
that includes patients with homogeneous stages of disea
longer periods of observation is currently ongoing, and 
determine whether cyclin D1 expression can predict the clin
outcome of resected NSCLC patients.

In conclusion, the present study suggests that cyclin D1 ex
sion may be involved in the development and progressio
NSCLCs, their high proliferative activity, and a favourable clini
outcome.
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