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Cyclin D1 Protein Expression in Lung Cancer

~Woo-Ick Yang, Kyung-Young Chung*
Dong-Hwan Shin, and Yung-Bae Kim**

Cyclin DI, a G1 cyclin, has been implicated in the oncogenesis of varioys types of malignancies
via devegulation of cell cycles. Amplification of cyclin DI as a part of 11q13 émplicon has been re-
ported in lung cancer as well as a subset of carcinomas arising from various organs including
breast, head and neck, and esophagus. In addition to its role as an oncogene, sevéral recent studies
have suggested that amplification’ is indicative of poor progmosis. In this study we examined the
cyclin DI protein expression in 102 consecutive cases of lung cancers using the microwave enhanced
immunohistochemical staining method and correlated the data with the histologic subtype and grade,
Ki-67 (MIB-1) labeling index, and survival. Nuclear positive staining was observed in 18 cases (18
%) of lung cancers. Although squamous cell carcinoma demonstrated a higher rate of expression (12
/68, 21%), three of 33 adenocarcinomas (9%) revealed overexpression and both adenocarcinoma and
squamous cell carcinoma components within the adenosquamous carcinoma showed nuclear staining.
There was no correlation between cyclin DI overexpression and histologic grade, Ki-67 (MIB-1) label-
ing. index, and survival. These observations indicate that cyclin DI protein overexpression might be
implicated in the oncogenesis of the various histologic types of mowm-small cell lung carcinomas but it

has no usefulness as a prognostic marker.
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Cyclin D1 is a putative oncogene on chromo-
some 1lql3 which was originally defined by
several groups using different approaches
(Matshushime et al. 1991; Rosenberg e al. 1991;
Xiong et al. 1991). Cyclin D1 has been implicat-
ed in various types of human tumors either
by translocations or amplification of the chro-
mosome band 11ql3. Overexpression of cyclin
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DI by tumor type specific translocation was
reported in mantle cell lymphoma (Motokura
et al. 1991; Williams ef al. 1993) as well as para-
thyroid adenoma (Rosenberg et al. 1991). Also
amplification of the cyclin D1 as a part of
11q13 amplicon has been reported in a subset
of breast, head and neck, urinary bladder,
esophagus, liver and lung carcinomas (Lammie
and Peters, 1991).

Despite the implication of cyclin D1 as a
putative oncogene in various types of tumors
by the results of molecular genetic studies
(Lammie and Peters, 1991), thus far there has
been little data on the overexpression of the
cyclin DI protein in these tumors due to lack
of suitable immunohistochemical staining
method. Recently, a highly sensitive immuno-
histochemical staining method using micro-
wave antigen retrieval and newly developed
cyclin DIl antibodies enable the detection of
overexpressed cyclin DI protein even in paraf-
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fin embedded tissue sections (Bartkova et al.
1994; Yang et al. 1994, Zhang eof al. 1994;
Zukerberg et al. 1995a). Additionally the overex-
pression of cyclin DI protein has been report-
ed in mantle cell lymphoma (Yang et al. 1994;
Zukerberg o al. 1995a), breast .carcinoma
(Zhang et al. 1994; Zukerberg et al. 1995b), and
head and neck carcinoma (Michalides et al.
1994).

Bcel-i (cyclin D1) was reported to be fre-
quently amplified in poorly differentiated
squamous cell carcinomas of the lung by
Southern and Northern blot analysis (Beren-
son et al. 1990). Although these methods are
sensitive, immunohistochemical staining using
tissue sections has several advantages over
these methods and there has only been one
study addressing cyclin D1 protein - overex-
pression, the final and functional product of
cyclin DI amplification, in lung cancers
(Betticher et al. 1996). So in this study we ex-
amined the cyclin Dl protein overexpression
in 102 consecutive cases of lung carcinomas
and correlated the data with the histologic
subtype and grade, Ki-67 (MIB-1) labeling
index, and survival to evaluate its role in lung
cancers.

MATERIALS AND METHODS

Tissue samples

One hundred and two consecutive cases of
lung cancers from patients operated on be-
tween 1992 and 1994 for which adequate par-
affin blocks and clinical history were available
were retrieved from the file of Pathology De-
partment of Yonsei University College of
Medicine. The histologic diagnosis was based
on the morphologic examination of hematoxy-
lin-eosin stained tissue sections and each case
was subclassified by WHO classification. '

Immunohistochemical staining

Immunohistochemical studies were per-
formed on the representative tissue sections
from each case by the labelled streptavidin-

biotin method using a Dako LSAB Kit (Dako, -

Carpinteria, CA, USA). Sections for cyclin Dl

Number 2

and Ki-67 (MIB-1) immunostaining were
pretreated in a microwave oven for 20 min-
utes and 10 minutes respectively in 10 mmol/L
citrate buffer (pH 6.0) before immunostaining.
The incubation with cyclin D1 (NCL-CYCLIN
D1) (Novocastra Laboratories Ltd.,, Newcastle,
UK) and MIB-1 (Amac, Inc., Westbrook, ME,
USA) was done at 1:20 and 1:100 dilution
respectively overnight. Otherwise we followed
the manufacturer’'s protocol. Color develop-
ment was performed using diaminobenzidine
as chromogen with light hematoxylin coun-
terstain.

Analysis of immunohistochemical staining

The results of cyclin DIl . immunostaining
were expressed as negative, + (less than 50%

of the tumor cells nuclei staining), and +-+

(more than 50% of the tumor nuclei staining).
Ki-67 (MIB-1) labelling. index was determined
by light microscopy with an oil-immersion ob-
jective (magnification x1,000) randomly count-
ing 1,000 tumor cells and expressing the
results as a percentage of positive cells.

Clinical data and statistical analysis

Clinical information on the stages at the
time of surgery and follow-up data were ob-
tained by review of hospital clinical records.
Follow-up data was obtained until death of
the patient or completion of the study (April
30th, 1996). Mean follow-up was 24 months
(range 1-51 months). Actuarial survival curves
were calculated by the Kaplan-Meier method,
and the log-rank test was used to compare
the survival of subgroups. We excluded the
data of the patients with stage IV, large cell
undifferentiated carcinoma, small cell carcino-
ma and carcinoid tumor for statistical analy-
sis. The differences were considered signifi-
cant when the p value was 0.05 or less.

RESULTS

Histologic subtypes of lung cancers

One hundred and two consecutive cases of
lung cancers were composed of 58 cases of
squamous cell carcinomas, 33 cases of adeno-
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carcinomas including 4 cases of bronchio-
loalveolar carcinomas, 6 cases of adenosquamous
cell carcinomas, 3 cases of large cell undi-
fferentiated carcinomas, a case of small cell
carcinoma and one poorly differentiated carci-
noid tumor. Among 58 cases of squamous cell
carcinomas, 10 cases were well-differentiated,

Table 1. Relationship between overexpression of
cyelin D1 protein and histologic types

Cases showing

Histologic types overexpression/
Total cases(%)
Squamous cell carcinoma 12/5821%)
Adenocarcinoma 3/33( 9%)
(Bronchioloalvealar carcinoma 1/4(25%))
Adenosquamous carcinoma 2/6(33%)

Large cell undifferentiated carcinoma 1/3(33%)

Small cell carcinoma 0/1( 0%)
Carcinoid tumor, poorly 0/1( 0%)
differentiated
Total 18/102(18%)

365,
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19 cases were moderately differentiated and
29 cases were poorly differentiated. Adeno-
carcinomas consisted of 12 cases of the well-
differentiated type; 13 cases of the moderately
differentiated type; and 4 cases of the poorly
differentiated types (Table 1).°

Immunohistochemical staining for cyelin D1
protein

Eighteen of the 102 lung cancers showed
definite nuclear staining (Fig. 1) and usually
the reaction tended to localize along the pe-
ripheral portion of the tumor nests (Fig. 2).
Many cases also demonstrated cytoplasmic
and cell membrane staining (Fig. 3) but we
counted only the nuclear staining as the
overexpression of cyclin D1 protein. In some
cases the activated.pneumocytes in the peri-
tumoral normal lung tissue showed nuclear
staining (Fig. 4).

Correlation of cyclin D1 staining with histo-
logic subtypes

Squamous cell carcinoma demonstrated a

Fig. 1. Cxclin D1 immunostaining of the poorly-differentiated squamous cell carcinoma showing
intense nuclear staining. (DAB chromogen with hematoxyin counterstaining).

144

Volume 37



Cyclin D1 in Lung Cancer

Fig. 2. Cyxclin D1 immunostaining showing positive nuclear staining along the periphery of tumor
nests. (DAB chromogen with hematoxylin counter staining).

w0

Fig.3.Cxclin D1 immunostaining showing ctoplasmic staining of tumor cells as well as nuclear
staining. (DAB chromogen with hematoxylin counter staining).
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Fig. 4. Cxclin D1 immunostaining showing positive nuclear staining of activated pneumocses. (DAB
chromogen with hematoxylin counter staining).

>
A

Fig. 5. Cyclin D1 immunostaining of a case of bronchioloalveolar carcinoma showing positive nuclear
staining. (DAB chromogen with hematoxylin counter staining).
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higher rate of expression (12/58, 21%) com-
pared to adenocarcinoma (3/33, 9.1%). Among
4 cases of bronchioloalveolar carcinomas in-
cluded in the adenocarcinomas, one case ex-
pressed cycin DI protein-(Fig. 5). Two cases in
the 6 cases of adenosquamous cell carcinomas
revealed nuclear positivity and both adeno-
carcinoma and squamous cell carcinoma areas
showed nuclear positivity in either case. One
in three cases of large cell undifferentiated
carcinomas expressed nuclear cyclin D1 pro-
tein and a case of small cell carcinoma and
poorly differentiated carcinoid tumor did not
show positive reaction.

Correlation of cyelin D1 staining with histo-
logic grade

There was no correlation between cyclin DI
protein overexpression and - histologic grade
(Table 2). There was a even distribution of
well and poorly differentiated subtypes in six
cases showing the intense nuclear staining
over half of the tumor cells. Although the
poorly differentiated subtype of adenocarcinoma
and adenosquamous carcinoma showed a
higher rate of overexpression, the well dif-
ferentiated squamous cell carcinoma revealed
a higher rate of overexpression compared to
the poorly differentiated subtype.

Table 2. Relationship between overexpression of cyclin D1 protein and histologic grade

o Histologic grade Cyclin D1 protein expression
Histoligic type .
DR (% of overexpression) Negative + ++
Squamous cell carcinoma -
WD(20%) 8 | 1
MD32%) 13 6 0
PD(14%) 25 2
Adenocarcinoma '
‘ WD(15%) 11 0 2
MD( 0%) 13 0 0
PD(25%) 3 1 0
Bronchioloalveolar (25%) 3 1 0
Adenosquamous carcinoma '
WD( 0%) 1 0
MD(25%) 3 1
PD(100%) 0 0 1

WD: well differentiated, MD: moderately differentiated, PD: poorly differentiated

Table 3. Relationship between overexpression of ¢yelin D1 protein and survival

Cyclin DI 3 years

Mean survival =~ Median survival

Stage overexpression survival(%) +SE (moriths) +SE(months) p value
I Nn=30) 470 37+3 36 0.79
) P(n=3) 66.7 39+7
1I Nmn=13) 36.9 26+5 25+10 0.40
P(n=6) 62.5 38+8 »
IITA N(n=33) 373 29+3 25+ 7 0.31
P(n=38) 375

15+3 13+ 4

N: negative, P: positive, SE: standard error
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Correlation of cyclin D1 staining with Ki-67
(MIB-1) labelling index

No correlation was found between Ki-67
(MIB-1) labeling index and cyclin DIl protein
overexpression. The mean MIB labeling index
of the cases showing cyclin D! protein over-
expression was 39.5% and was lower than that
of the cases showing no overexpression (mean,
439%). Cases showing strong expression of
cyclin Dl protein (++) had a similar mean
value (36.4%).

Correlation of cyclin D1 staining vwith stag-
es and survival

The differences in survival by stages were
assessed by the log-rank test across all four
stages and were found to be significant (p=
0.01). Among the 17 cases showing cyclin Dl
overexpression, 3 cases were Stage I, 6 cases
were stage II and 8 cases were stage IITA at
the time of surgery. No significant difference
in survival could be detected according to the
presence of overexpression of the cyclin DI

protein in each pathologic stage (Table 3).
DISCUSSION

Due to involvement in the regulation of cell
cycles, cyclins and associated cell regulatory
molecules, such as cyclin dependent Kkinase
and p2l, have recently been considered as at-
tractive candidates for oncogenes. Among sev-
eral types of human cyclin gene family mem-
bers, only cyclin DI has been strongly impli-
cated in the oncogenesis of several types of
malignancy (Lammie and Peters, 1991) and
more direct evidences supporting cyclin DI as
an oncogene were provided by several recent
studies using gene transfer techniques (Bodrug
et al. 1994; Hinds ef al. 1994, Wang et al. 1994).
Most of the studies so far on the cyclin Dl
among various cancers were about the ampli-
fication using blot techniques, and there have
been few studies detecting the cyclin D1 pro-
tein in tissue sections which have many
advantages compared to blot techniques. Re-
cently several antibodies specific to cyclin DI
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protein have been developed and some of
them worked even on formalin-fixed and par-
affin-embedded tissue sections. In this study,
we detected cyclin D1 protein overexpression
in 18 of the 102 cases of lung cancer using
the newly developed commercialized antibody
(NCL-CYCLIN DI, Novocastra Laboratories
Ltd, Newcastle, UK) combined with highly
sensitive microwave-enhanced immunohisto-
chemical staining method as previously used
for cyclin DI protein immunostaining (Bartkova
et al. 1994; Yang et al. 1994, Zukerberg et al.
1995a). We counted only nuclear staining as
positive but in many cases cytoplasmic and
cell membrane staining were noted with or
without nuclear staining. Most of the previous
works using various polyclonal and monoclonal
antibodies to cyclin D1 protein don’t mention
this cytoplasmic staining pattern except for
one group of authors on lung cancer
(Betticher et al. 1995; Betticher et al. 1996).
However some of our unpublished observa-
tions have included cytoplasmic staining even
in lymph nodes as well as breast and head
and neck cancers and this may be due to
nonspecific cross-reaction, cell-cycle dependent
solubility change of protein or a novel cyclin
D1 transcript by mutation (Betticher ef al
1995; Lukas et al. 1995 Betticher et al. 1996).
We have also observed definite nuclear stain-
ing of the reactive pneumocytes. This is not
unusual due to some proliferative zone of nor-
mal tissue may express this protein (Bartkova
et al. 1994). Additionally this pattern of expres-
sion can be observed in cases of squamous
cell carcinoma showing limited positivity, in
that most of the positive nuclei are localized
along the peripheral portion of the tumor
nests.

The expression rate of cyclin DI protein in
our study is much higher than the data from
the previous study on the amplification of the
cyclin D1 oncogene among lung cancers (Ber-
enson et al. 1990). Actually this discrepancy
could be anticipated from the previous reports
that overexpression of cyclin Dl protein or
mRNA could occur in the absence gene ampli-
fication (Buckley et al. 1993; Bodrug et al. 1994,
Zukerberg et al. 1995a). It suggests that mecha-
nisms other than gene amplification, such as
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abnormally increased protein stability and
clonal rearrangements, operate in lung cancers
as in other organs. Compared to the data on
cyclin D1 protein overexpression in breast
(Zhang et al. 1994, Zukerberg et al. 1995b) and
head and neck cancers (Michalides et al. 1995),
this study showed a lower rate of overex-
pression of cyclin D1 protein. But there are
certain limitations in comparing the data on
the overexpression rate of cyclin Dl protein
in various types of cancers using different an-
tibodies due to the great variation of the sen-
sitivity of the antibodies (Yang ef al 1994).
Cyclin D1 overexpression was observed even
in the cases of adenocarcinoma which is sig-
nificantly different from the previous data
showing no gene amplification among 51 cases
of adenocarcinoma (Berensen ef af. 1990). But
recent studies using the Western blot analysis
(Schauer et al. 1994) and the immunohisto-
chemical staining method (Betticher eof al
1996) as in this study revealing cyclin D1 pro-
tein overexpression in adenocarcinoma cell
lines and resected tumor tissues support our
results.

Because cyclin D1 overexpression can DOSSi-
bly disturb the cell cycles by shortening the
GI phase, we examined if there is a correla-
tion between the Ki-67 (MIB-1) labeling index
and the cyclin DI protein overexpression but
found none. These results differ from the
study showing a high correlation between cyclin
DI amplification and proliferative activity
measured by flow cytometry in head and neck
squamous cell carcinoma (Callender ef al. 1994);
but they are in accordance with the results of
the study on breast cancer showing no corre-
lation between cyclin - Dl protein overex-
pression and proliferative activity measured by
bromodeoxyuridine labeling (Zukerberg et al.
1995b). Although we believe there are correla-
tions between proliferative indices measured
by various methods, the above mentioned ‘dis-
crepancies may result from different methods
for measuring cyclin Dl overexpression and
proliferation index as well as small sample
size.

We could find no correlation between cyclin
D1 protein overexpression and histologic grade
and survial in contrast to the results of re-
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cent studies suggesting association with poor
prognosis (Schuuring et al. 1992; Callender et al.
1994; Muller ef al. 1994; Mclntosh et al. 1995;
Michalides et al. 1995). However, the study on
the breast carcinoma using similar methods as
in this study (Zukerberg et al. 1995b) demon-
strated no correlation between cyclin DI
overexpression and any histologic and clinical
parameters except ER and PR status and the

~ recent study on a small series of lung cancers

even suggested cyclin D1 overexpression as a
good prognostic marker (Betticher ef al. 1996)..
Therefore the results of this study justify
larger “scale immunohistochemical study to
confirm the prognostic meaning of cyclin D1
protein overexpression in various types of
cancer. X

In conclusion, we have shown that cyclin DI
protein overexpression might be implicated in
the oncogenesis of the various histologic types
of non-small cell lung carcinomas by demon-
strating cyclin D1 protein overexpression in 18
% of lung cancers using the newly developed
antibody and a highly sensitive, microwaved
enhanced, immunohistochemical method. How-
ever in contrast to most of the previous stud-
ies, we found no correlation between over-
expression and histologic grade, proliferation
index and survival.

REFERENCES

Bartkova J, Lukas J, Strauss M, Bartek J: Cell
cycle-related variation and tissue-restricted ex-
pression of human cyclin D1 protein. J Pathol
172: 237-2456, 1994

Berenson JR, Koga H, Yang ], Pearl ], Holmes EC,
Figlin R, Lung Caner Study Group: Frequent
amplification of the bcl-l locus in poorly
differentiated squamous cell carcinoma of the
lung. Oncogene 5: 1343-1348, 1990

Betticher DC, Heighway J, Hasleton PS, Altermatt
HJ, Ryder WD, Cerny T, Thatcher N: Prognos-
tic significance of CCNDI (cyclin DI1) over-
expression in primary resected non-small-cell
lung cancer. Br | Cancer 73: 294-300, 1996

Betticher DC, Thatcher N, Altermatt HJ, Hoban P,
Ryder WD, Heighway J: Alternate splicing pro-
duce a novel cyclin DI transcript. Oncogene 11:

149



Woo-Ick Yang, et al.

1005-1011, 1995 )

Bodrug SE, Warner BJ, Bath ML, Lindemans GJ,
Harris AW, Adams JM: Cyclin DI transgene
impedes lymphocyte maturation and collabo-
rates in lymphomagenesis with myc gene.
EMBO 13: 2124-2130, 1994

Buckley MF, Sweeney KJE, Hamilton JA, Sini RL,
Manning DL, Nicholson RI; deFazio A, Watts
CKW, Musgrove EA, Sutherland RL: Expres-
sion and amplification of cyclin genes in
human breast cancer. Oncogene 8 2127-2133,
1993

Callender T, El-Naggar AK, Lee MS, Fran-
kenthaler R, Luna MA, Batsakis JG: PRAD-1
(CCND1)/cyclin D1 oncogene amplification in
primary head and neck squamous cell carcino«
ma, Cancer 74: 152-158, 1994 \

Hinds PW, Dowdy SF, Eaton EN, Arnold A,
Weinberg RA: Function of a human cyclin
gene as an oncogene. Proc Natl Acad Sci USA
91: 709-7 13, 1994 ’

Lammie G, Peters G: Chromosome 11ql3 abnormal-
ities in human cancers. Cancer Cells 3: 413-417,
1991

Lukas J, Bartkova J, Welcker M, Peterson OW, Pe-
ters G, Strauss M, Bartek J: Cyclin D2 is a
moderately oscillating nucleoprotein required
for Gl phase progression in specific cell types.
Oncogene 10: 2125-2134, 1995

Matshushime H, Roussel MF, Ashmun RA, Sherr
CJ: Colony stimulating factor 1 regulates novel
cyclins during the Gl phase of the cell cycle.
Cell 65: 701-713, 1991

McIntosh GG, Anderson JJ, Milton I, Steward M,
Parr AH, Thomas MD, Henry JA, Angus B,
Lennard TW], Horne CHW: Determination of
the prognostic value of cyclin DIl overex-
pression in breast cancer. Oncogene 11: 885-891,
1995

Michalides R, van Veelen N, Hart A, Loftus B,
Wientjens E, Balm A: Overexpression of cyclin
D1 correlates with recurrence in a group of
forty-seven operable squamous cell carcinomas
of the head and neck. Cancer Res 55: 975-978,
1995 , .

Motokura T, Bloom T, Kim HG, Juppner H,
Ruderman JM, Kronenberg HM, Arnold A: A
novel cyclin encoded by bcll-linked candidate
oncogen. Nature (Lond.) 350: 512-515, 1991

Muller D, Millon R, Lidereau R, Engelmann A,
Bronner G, Flesh H, Eber M, Methlin G,
Abecassis J: Frequent amplification of 11ql3

150

DNA markers associated with lymph node in-
volvement in head and neck squamous cell car-
‘cinomas. Eur J Cancer 2: 113-120, 1994

Rosenberg CL, Kim HG, Shows TB, Kronenberg
"HM, Arnold A: Rearrangement and overex-
pression of D11S287E, a candidate oncogene on
chromosome 11ql3 in benign parathyroid tu-
mors. Oncogene 6: 449-453, 1991

Schauer IE, Siriwardana S, Langan TA, Sclafani
RA: Cyclin DI overexpression vs. retinoblastoma
inactivation: Implications for growth control
evasion in non-small cell and small cell lung
cancer. Proc Natl Acad Sci USA 91: 7827-7831,
1994

Schuuring E, Verhoeven E, van Tinteren H,
Peterse JIL, Nunnink B, Thunnissen FBJM,
Devilee P, Cornelisse CJ, van de Vijver MJ,
Mooi W], Michalides RJAM: Amplification of
the genes within the chromosome [1ql3 region
_is indicative of poor prognosis in patiénts tith
operable breast cancer. Cancer Res 52: 5229-
5234, 1992

Wang TC, Cardiff RD, Zukerberg L, Lees E,
Arnold A, Schmidt E: Mammary hyperplasia-
and carcinoma in MMTV-cyclin D1 transgenic
mice. Nature 369: 669-67.1, 1994

Williams ME, Swerdlow SH, Rosenberg CL, Arnold
A: Chromosome 11 translocation breakpoints at
the PRADI/cyclin D1 gene locus in centrocytic
lymphoma. Leukemia 7: 241-245, 1993

Xiong Y, Connolly T, Futcher B, Beach D: Human
D-type cyclin. Cell 65: 691-699, 1991

Yang WI, Zukerberg LR, Motokura T, Arnold A,
Harris NL: Cyclin Dl (Bcl-1, PRADI) protein
expression in low-grade B-cell lymphomas and
reactive hyperplasia. Am J Pathol 145: 86-96,
1994 :

Zhang SY, Caamano J, Cooper F, Guo X, Klein-
Szanto AJP: Immunohistochemistry of cyclin
Dl in human breast cancer. Am J Clin Pathol
102: 695-698, 1994

Zukerberg LR, Yang WI, Arnold A, Harris NL:
Cyclin D1 (PRADI) expression in non-Hodgkin’
s lymphomas: detection by immunohistoche-
mistry. Am J Clin Pathol 103: 756-760, 1995a

Zukerberg LR, Yang WI, Gadd M, Thor AD,
Koerner FC, Schmidt EV, Arnold A: Cyclin DI
(PRADI) protein expression in breast cancer:
Approximately one-third of infiltrating mam-
mary carcinomas show overexpression of the
cyclin D1 oncogene. Mod Pathol 8 560-567,
1995b

Volume 37



