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ABSTRACT

Alterations in the expression of cyclin D1 have been
reported frequently in several human cancers, but their
significance in the multistep model of carcinogenesis has
been scantly described. To define the pattern of cyclin D1
expression in the development of ovarian cancer and clinical
outcome, 55 cases of benign ovarian tumors, 12 borderline
cases, and 37 ovarian carcinomas (32 primary and 5 recur-
rent carcinomas) were studied. Analyses were carried out on
fresh tumor specimens by Western blotting and reverse
transcription-PCR and provided significant superimposable
results (P = 0.00001). Cyclin D1 abundance was classed
according to the densitometric values as undetectable, de-
tectable, well detectable, and highly detectable. A significant
increase (P < 0.000001) in median cyclin D1 values was
observed from benign (0.038; range, 0.001-0.705) to border-
line (0.226; range, 0.001—-0.623) to malignant (0.347; range,
0.027-2.330) to recurrent (0.887; range, 0.309-2.2260) tu-
mors. In addition, higher median cyclin D1 values were
reported in serous carcinomas P = 0.058) and advanced-
stage diseases (B 0.003). Survival analyses carried out in
the 32 primary carcinomas showed no significant difference
in overall survival between detectableversus well/highly
detectable cyclin D1 neoplasms. Conversely, a significant
relationship between cyclin D1 expression and progression-
free survival was found (P = 0.031). These results may
elucidate the function of altered cyclin D1 expression in
ovarian tumorigenesis and provide a basis for additional
studies on its prognostic role.

INTRODUCTION

diagnosed with advanced stages of disease, and, despite the
introduction of aggressive chemotherapy regimens, the long-
term prognosis for these patients remains poor (1, 2). Ovarian
epithelial neoplasms are divided into three histological and
biological subtypes:&) benign; b) low malignant potential
(borderline); andd) malignant.

Very little is known about the exact sequence of cellular
and molecular events contributing to the development of ovarian
malignancy; indeed, benign and borderline tumors probably
occur from the same precursor, but the demonstration of the
carcinoma as a part of a disease continuum or a separate disease
entity is far from unequivocal (3, 4). In fact, some molecular
changes, such as telomerase expression and DNA methylation,
are associated with both borderline tumors and carcinoma but
not with adenoma (5, 6), whereas others, such as p53 abnor-
malities, are specific for malignancy (7).

Alterations of the mechanisms controlling cell cycle pro-
gression play a relevant role in the pathogenesis of different
human neoplasias, and among the molecules involved in cell
cycle regulation, cyclin D1 abnormalities may contribute to such
malignant transformation (8). Cyclin D1 is aGpecific protein
essential for progression through the @hase to S phase of the
cell cycle in eukaryotes. The cyclin D1 locus has been mapped
to chromosome 11 band 13, and amplifications of this region,
as well as the cyclin D1 gene as a component of such an
amplicon, have been observed in a variety of human carcinomas
(9). The indication that the cyclin D1 gene is somehow centrally
relevant to cancer, functioning as an oncogene, is supported by
several experimental observations (10, 11). Altered expression
of cyclin D1 may result from rearrangement [isolated as
PRAD-1 in parathyroid adenomas (12)], translocation [isolated
as bcl-1 in B-lymphocytic malignancies (13)], and amplification
and/or overexpression in head and neck, breast, and squamous
cell carcinomas, non-small cell lung cancer, and colon and
urinary bladder cancer (14). In addition, overexpression of cy-
clin D1 has been reported in ovarian cancer as well (15-17).

To gain more insight about the significance of abnormal
cyclin D1 content in the controversial tumorigenesis of ovarian
cancer, the histological model of progression from adenoma to

Ovarian cancer is the leading cause of death among gyndoW malignant potential and carcinoma has been examined. In a
cological diseases in Western countries. A significant factorPrevious study (18), we reported a preliminary correfation be-
contributing to the high mortality rate is that most patients aretween cyclin D1 expression, features of transformation, and
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tumor-proliferative activity in a small number of 33 patients
with ovarian tumors.

The aim of the current study was to confirm the oncogenic
potential of cyclin D1 in a larger series of benign, borderline,

The costs of publication of this article were defrayed in part by theand malignant ovarian tumors by examining the timing and
payment of page charges. This article must therefore be hereby markegiktent of overexpression in cancer development. Moreover,

ﬁ}%\;g;?:etmsr;;r;taccordance with 18 U.S.C. Section 1734 solely to preliminary results regarding the association of cyclin D1 con-

1 To whom requests for reprints should be addressed. Phone: 39-01¢€nt with clinicopathological characteristics and clinical out-
5600934; Fax: 39-010-355503; E-mail: ala@hp380.ist.unige.it. come are shown.

Downloaded from clincancerres.aacrjournals.org on November 17, 2019. © 1999 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

1838Cyclin D1 Expression and Prognosis in Ovarian Tumors

Table 1 Characteristics of 104 patients with ovarian tumors

protein concentration was determined by the Bradford method
using the Bio-Rad Protein Assay (Bio-Rad Laboratories, Her-

Clinical feature No. of cases _ : -
- cules, CA) according to the manufacturer’s instructions. Equal
Benigrf* . o
All cases 55 amounts of total protein (2Q.g) were separated on a 12%
Histology polyacrylamide gel (SDS-PAGE). A duplicate of the same gel
Serous 16 was stained with Coomassie Blue to ascertain that an equal
gug'”ous_ ” 261 amount of proteins was loaded in each lane. After transfer onto
or:h:rmetnou 12 a nitrocellulose membrane (Hybond C-Extra; Amersham ltalia
Borderlind Srl, Milan, ltaly), protein loading was checked by Ponceau S
All cases 12 staining, and nonspecific binding was blocked with BSA (Sigma
Histology Chemical Co., St. Louis, MO) in Tris-buffered saline-Tween 20
Serous I [0.15m NaCl, 10 nu Tris (pH 7.4), 0.05% Tween 20] at 4°C
Mucinous 3 . . . .
Endometrioid 1 overnight. Blots were probed with the anti-cyclin D1 mono-
Other 1 clonal antibody (1:1000; Santa Cruz Biotechnology, Santa Cruz,
Malignant CA). Atfter incubation with the horseradish peroxidase-conju-
é‘”_ cases 3;72 gated antimouse 1gG (DAKO, Glostrup, Denmark), a cyclin D1
Rre'?uar%m 5 band (M 36,000) was visualized by chemiluminescent detection
Histology (enhanced chemiluminescence; Amersham) following the sup-
Serous 16 plier's recommended procedures. Prestained molecular weight
Mucinous 2 markers (New England Biolabs, Beverly, MA) were used as a
Endometrioid 10 reference
Other 9 ’

RTZ-PCR Analysis. Specific cyclin D1 transcript levels

2 Median age, 38 years (range, 13-81 years).
b Median age, 53 years (range, 16—83 years).
¢Median age, 58 years (range, 28—81 years).

were determined by a semiquantitative RT-PCR amplification.
Total RNA from fresh ovarian samples was isolated by the
RNAzol B method (Biotecx Laboratories, Houston, TX). RT
was carried out on 2.g of total RNA by the RETROscript
first-strand synthesis kit (Ambion, Austin, TX), according to the
MATERIALS AND METHODS manufacturer’s suggestions.

Patients and Tumor Samples. A total of 104 patients Synthetic primers were purchased from TIB-MolBiol
presenting at the Department of Obstetrics and Gynecology ofBerlin, Germany). Cyclin D1 primers were’ -&GATG-
the University of Genoa entered this study from December 1994CTGGAGGTCTGCGAGGAAC-3 (upstream) and '5GAGA-
to April 1998. Tissue samples were obtained from the patholo-GGAAGCGTGTGAGGCGGTAG-3 (downstream). B-Actin
gist at the time of surgery, and the ratio of tumor tissue:primers were 5GTCGGAAGGTGGACAGCGA-3 (upstream)
unaffected tissue always exceeded 80%. Specimens consistedafid 5'-GGCATCGTGATGGACTCCG 3downstream).

55 ovarian benign lesions, 12 borderline tumors, and 37 carci-  The coamplification of the cyclin D1 an@-actin cDNAs
nomas (32 primary carcinomas and 5 recurrent carcinomas avas performed using Taq polymerase (Sigma Chemical Co.)
the time of presentation). Histological classification was as-with the following thermocycle parameter: 5 min at 94°C and 30
sessed according to the WHO system, and tumors were gradezycles of 1 min at 94°C, 1.5 min at 65°C, and 1.5 min at 72°C,
as well (grade 1), moderately (grade 2), and poorly (grade 3followed by a final incubation at 72°C. RT-PCR-amplified
differentiated. Stage of disease was established according to tHeagments (cyclin D1, 514 b-actin, 600 bp) were analyzed
Federation Internationale des Gynaecologistes et Obstetristeby 2% agarose gel electrophoresis and visualized by ethidium
staging system. Of the 32 patients with primary untreated mabromide staining. TheébX174 DNA markerHaelll digest (Sig-
lignant disease, 6 received no therapy after surgery, and 2fha Chemical Co.) was loaded as a reference. Densitometric
underwent first-line chemotherapy regimens consisting of ascanning of the bands was carried out on positive/negative
combination chemotherapy with cisplatin, epidoxorubicin, andinstant film (Type 665; Polaroid Co., Cambridge, MA). The
cyclophosphamide (19 patients); cisplatin and paclitaxel (4 paresulting bands were quantified, and the relative amount of
tients); cisplatin, vinblastine, and bleomycin (2 patients); andcyclin D1 mRNA was estimated after normalization wikac-
carboplatin alone (1 patient). tin mMRNA detected in the same sample.

Adequate material from fresh ovarian tissues was immedi- Densitometry and Statistical Analysis. Quantitative de-
ately processed for cyclin D1 expression analyses. Two samplegrmination of the cyclin D1 protein and mRNA bands was
of normal ovarian tissue, which were used as a control, wergerformed by scanning densitometry using a Ultroscan XL
taken from the surrounding nonneoplastic tissue during surgicallensitometer (Pharmacia, Uppsala, Sweden). The intensities of
resection. Table 1 summarizes the characteristics of the patientbe bands from films were scanned, and the resulting peak areas
according to tumor type, median age, and histology. related to the absorbance were determined. The densitometric

Western Blot Analysis. Cell suspensions were washed values were classed as undetectabte0.001), detectable
twice in cold PBS and dissolved in lysis buffer [1% Triton
X-100, 0.15m NaCl, and 10 ma Tris (pH 7.4)] containing
protease inhibitors (5Q.g/ml phenylmethylsulfonyl fluoride, 2
wg/ml aprotinin, and 2.g/ml leupeptin) at 4°C for 30 min. The 2 The abbreviation used is: RT, reverse transcription.
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Cyclin D1 densitometric values
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Fig. 1 Cyclin D1 protein expression levels in 2 .
different types of ovarian tumors. Cyclin D1 val-
ues were obtained by densitometric scanning of 18 *

the Western blot band®ars, median cyclin D1 1%
value (benign tumors, 0.038; borderline tumors, t
0.226; primary malignant lesions, 0.300; recurrent 14 *
tumors, 0.887). A significant trend over the whole 1.2
sample was found by the Kruskal-Wallis test<P

0.00001). Comparison of groups: benigarsus e

borderline tumorsP = 0.01; benigrversusover- kil
all malignant tumors,P = 0.0001; borderline P H . H
versusoverall malignant tumors? = 0.12. ' 3 .
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Benign (n=5%) Borderline (n=12) Malignant (n=32) Recurrent (n=5)

(0.020-0.20), well detectable (0.21-0.80), and highly detecta- A

ble (=0.81).

The correlations between cyclin D1 protein and mRNA
levels were evaluated by the Spearman rank test. The associ: 36 kDa-
tion between cyclin D1 densitometric values and tumor types as
well as clinicopathological characteristics of patients with ma-
lignant diseases was investigated by the nonparametric Kruskal 1
Wallis test. The survival and progression-free survival analyses
of patients with primary ovarian cancer were estimated by the B
Kaplan-Meier product-limit method. Comparison of survival
between cyclin D1-expressing groups was evaluated by theg7 2 ——
log-rank test. Results were considered significantPifwas 603
<0.05. Statistical analyses were carried out using the Statistice
4.1 program (StatSoft, Tulsa, OK).

1 2 3 4 5

RESULTS
. L . . . . Fig. 2 Expression of cyclin D1 from a case of papillary serous ovarian
A highly significant relationship between cyclin D1 protein carcinoma with adjacent unaffected tissée.representative Western

densitometric values and tumor types was found by the Kruskalp|ot. Lane 1, unaffected tissue (undetectablsine 2, left ovary (de-
Wallis nonparametric testP(< 0.000001). A progressive in- tectable);Lane 3, omentum (well detectabledane 4, right ovary
crease in cyclin D1 expression with the degree of malignancyhighly detectable). The position of the cyclin D1 protelify 36,000) is
from benign to recurrent ovarian tumors was reported in theindicated on theleft. B, representative RT-PCR-amplified fragments

. . R (top band,B-actin, 600 bpbottom band, cyclin D1, 514 bp)ane 1,
sample population of 104 patients. As shown in Fig. 1, a IowerDNA molecular size markers (bpliane 2, unaffected tissue (undetect-

median cyclin D1 value was detected in benign tumors than inaple); Lane 3, left ovary (detectable)ane 4, omentum (well detecta-

borderline diseases and carcinomas: 0.038 (0.001-0veéds)s  ble); Lane 5, right ovary (highly detectable).

0.226 (0.001-0.623yersus0.347 (0.027-2.330), respectively.

In addition, among the malignant lesions, higher cyclin D1

expression was observed in recurrent tumors than in primary

tumors [0.887 (0.309-2.26@ersus0.300 (0.027—-2.330)]. man rank test, a significant agreement between cyclin D1 pro-
Seventy-six ovarian samples (43 benign, 5 borderline, andein and transcript was observed ¢ 0.00001;R = 0.554).

28 malignant tumors) were evaluable for RT-PCR analysis andCyclin D1 mRNA expression was lower in benign tumors and

categorized according to cyclin D1 signal intensity as describedncreased in malignant lesions; the vast majority of the benign

in “Materials and Methods.” Representative patterns of cyclinlesions (67.4%) show undetectable levels of the MRNA,

D1 expression from tumor samples (right ovary, left ovary, andwhereas all of the borderline tumors and 96% of the carcinomas

omentum) and adjacent unaffected tissue of one patient with @xhibited detectable to highly detectable cyclin D1 (Fig. 3).

papillary serous carcinoma are shown in Fig. 2. By the Spear-  The cyclin D1 expression of the 32 primary carcinomas
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100 DISCUSSION

a0 4 E Z‘:g’;f:i:;:ab'e The aim of the current study was to assess the role of cyclin
80 A % Well detect. D1 expression in the pathogenesis of ovarian tumors and define
:— B8 % Highly detect. its prognostic impact in the subset of patients with primary

704 = malignant disease. To the best of our knowledge, this is the
60 - largest study on cyclin D1 in ovarian tumors carried out at the
1 protein and mRNA levels, analyzing the occurrence of ovarian

50'_ transformation by altered cyclin D1 expression. Data from

40 Western blotting in this series of 104 patients with benign,
30 borderline, and malignant ovarian lesions revealed a strong
correlation between an increase in cyclin D1 expression and a

20 7 feature of malignancy that was also reflected at the mRNA level.
10 4 These results are consistent with our preliminary findings ob-
o 1 o tained in a small series of 33 patients and allow us to draw

firmer conclusions than those suggested previously (18). In the
present study, the association between cyclin D1 and clinico-
pathological parameters was also examined, and results from
this analysis reported significantly higher cyclin D1 values in
serous carcinomas, poorly differentiated tumors, and advanced-
stage diseases.

was then analyzed in relation to different clinicopathological The above-mentioned findings, however, are not fully in
characteristics and evaluated for potential prognostic signifi-2dreement with those of Worsley al. (15) and Masciulleet
cance. Table 2 shows the distribution of the various parameter@!- (16), who evaluated the expression of cyclin D1 in ovarian
with the correspondent median cyclin D1 values and statisticafumors in relation to histological subtypes and clinicopatho-
analyses. Some of the clinical covariates such as age, perfornl]ogical variables, respectively. The first study was carried out
ance status, and residual disease after primary surgery did né immunohistochemistry on paraffin-embedded blocks of 43
reveal significant differences in cyclin D1 expression. When theSPoradic ovarian carcinomas (including three borderline tu-
biological covariates of the tumors were taken into accountMors). The authors reported a 26% overexpression of cyclin
significantly different patterns of cyclin D1 expression were D1 that was significantly associated with borderline or well-
observed. Increased median cyclin D1 content was reported iflifferentiated tumors. Only nuclear staining for cyclin D1
serous carcinomas as compared to mucinous turRors@.037)  was scored as positive, and cytoplasmic-stained cells were
and endometrioid tumord(= 0.029), yielding borderline sig- not considered in the analysis. In the present work, whole cell
nificance when all of the histotypes were considered togethetysates were processed for Western blot. This might account
(P = 0.058). Moreover, a significantly higher median cyclin D1 for the higher cyclin D1 protein expression and might also
value was observed in poorly differentiated lesions than in thereflect the different sensitivity between methodologies. The
well-differentiated lesionsR = 0.025), although this signifi- second study also showed a small portion (18%) of cyclin
cance was not retained after the inclusion of the moderatelyD1-overexpressing tumors in a series of 65 ovarian carcino-
differentiated tumors in the analysis. In addition, comparison ofmas (56 primary and 9 recurrent tumors) analyzed by North-
cyclin D1 content between stage I-Il tumors and stage Ill-IV ern blot on frozen tissue samples. The ovarian cancer cell line
tumors resulted in a statistically significant difference, with A2780 was considered as a reference, and tumor samples
higher cyclin D1 expression in the more advanced tumBrs ( showing a 2-fold increase in cyclin D1 mRNA levels over the
0.003). A2780 control were scored as positive. Elevated levels of
To examine the impact of cyclin D1 expression on patientcyclin D1 transcripts were significantly correlated with well-
outcome, overall survival and progression-free survival analysesoderately differentiated neoplasms, but significance was
were calculated by the method of Kaplan-Meier, and the differ-not reached with any of the other clinicopathological vari-
ence between curves was evaluated by the log-rank test. Patierdbles. None of the samples showed amplification of the
(n = 32) with tumors having detectable or well/highly detect- cyclin D1 gene, and no association between cyclin D1 mRNA
able cyclin D1 levels were selected. As shown in Fig. 4, mediarievels and clinical outcome was shown. The lower sensitivity
survival time was not reached for both the patient groups, and nof the Northern blot methodology, as compared to RT-PCR,
significant difference in survival was observed between the twomight explain the small portion of cyclin D1-overexpressing
curves at 42 months. When the disease-free survival was taketlmmors in the series studied by Masciudbal. as well as the
into account, a median progression-free interval of 33 monthdack of significance between cyclin D1 and well-known clin-
was reported in the 24 evaluable patients, and a significanical prognostic factors in ovarian cancer. On this basis, it
increase in the progression-free interval (median not reacheddeems clear that the different analytical techniques and,
was shown in patients whose tumors exhibited detectable cyclimbove all, the different scoring systemise(, arbitrary defi-
D1 content P = 0.031) versusthose with well/high cyclin  nition of the degree of cyclin D1 expression) used do not
D1 levels (median progression-free survival, 22 months), as irpresently allow valuable comparisons and definite conclu-
Fig. 5. sions. In the present study, data on clinical outcome were

Benign
Fig. 3 Distribution of cyclin D1 mRNA expression by RT-PCR among
76 patients with benign, borderline, and malignant ovarian lesions.
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Table 2 Cyclin D1 and clinicopathological characteristics of 32 patients with primary ovarian malignant tumors

Median cyclin

Covariate No. of patients D1 (range) Kruskal-Wallis statistics p
Overall 32 0.30 (0.03-2.33)
Age (yrs)
=58 16 0.39 (0.03-2.00) 0.000008 1.000
>58 16 0.28 (0.03-2.33)
ECOG PS
0 9 0.61 (0.03-1.38) 0.143 0.705
=1 14 0.30 (0.06-2.33)
Histology
Endometrioid 9 0.07 (0.03-2.33) 7.454 0.058
Serous 15 0.61 (0.06—2.00)
Mucinous 2 0.13 (0.05-0.21)
Other 5 0.66 (0.16-1.16)
Residual disease
=2cm 14 0.15 (0.03-1.78) 1.300 0.254
>2 cm 13 0.43 (0.06-2.33)
Grading
1 5 0.07 (0.05-0.66) 4,137 0.126
2 10 0.27 (0.03-2.33)
3 16 0.48 (0.06-1.78)
FIGO stagé
Il 7 0.05 (0.03-0.61) 8.382 0.003
=1V 25 0.43 (0.06-2.33)

2ECOG PS, Eastern Cooperative Oncology Group performance status; unknown cases are not listed.
P FIGO, Faleration Internationale des Gynaecologistes et Obstetristes.

Cumulative Percent Surviving
i

Detectable

‘Well/High detectable

Entered

[ied

Cumulative percent Progression-free Surviving

Detectable

Entered Relapsed

bet. 9 1 Vel High detectatle ;
6

WH S

p=0.031

27 pet. 12 3
G owm 20

p=0.96

a 3 ] 9 12 15 18 21 24 27 30 33 36 39 42 45 46
Progression-free Survival Time (months)

1] 3 6 9 12 15 16 21 24 27 30 33 36 39 42 45 48
Survival Time (monthe) Fig. 5 Relationship between cyclin D1 protein expression and progres-

Fig. 4 Relationship between cyclin D1 protein expression and survivalSion-free survival in patients with primary ovarian cancer as assessed by

in patients with primary ovarian cancer as assessed by the Kaplan-Meidfaplan-Meier analysis. The statistical significance was estimated by the

analysis. The statistical significance was estimated by the log-rank testog-rank test.

collected for all primary carcinomas, and, despite the lowtissue sarcoma (23). However other authors showed contrast-
number of evaluable patients, analyses of prognosis weréng results, providing shorter survival for tumors expressing
attempted. During the follow-up period of this investigation, negative or low amounts of cyclin D1 such as non-small cell
progression by disease was available in 24 patients, and klng cancer (24) and breast cancer (25). These discrepancies
significant advantage in disease-free interval for patientssuggest that a definite role for cyclin D1 in human carcino-
with lower levels of cyclin D1 expression was shown. Con- genesis is still unclear and that concurrent genomic abnor-
versely, the lack of association with survival might be due tomalities may play a crucial role in this process.

the fact that the vast majority of the patients (81%) had been In conclusion, the present study in a larger series of patients
treated with chemotherapy. Previous studies reported a poswith ovarian tumors confirms that the alteration of cyclin D1
itive association between cyclin D1 overexpression and progexpression may be a critical step and an early event in the
nosis, particularly in non-small cell lung cancer (19), pan-development of ovarian cancer. In particular, differences in
creatic carcinoma (20), squamous cell carcinoma of the headyclin D1 expression seem crucial in transitions from benign
and neck (21), colorectal adenocarcinoma (22), and softo borderline or malignant disease. In addition, the prognostic

Downloaded from clincancerres.aacrjournals.org on November 17, 2019. © 1999 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

1842Cyclin D1 Expression and Prognosis in Ovarian Tumors

implications of cyclin D1 expression have been addressed13. Wwithers, D. A., Harvey, R. C., Faust, J. B., Melnyk, O., Carey, K.,
and although such preliminary results need to be validated irand Meeker, T. C. Characterization of a candidatel gene. Mol. Cell.
a larger number of tumors and a longer follow-up period, theBiol., 11:4846-4853, 1991.

pathogenetic role of cyclin D1 in ovarian cancer cannot bel4 Hall M., and Peters, G. Genetic alterations of cyclins, cyclin
dependent kinases, and CDK inhibitors in human cancer. Adv. Cancer

excluded. Res.,68: 67-108, 1996.
15. Worsley, S. D., Ponder, B. A. J., and Davies, B. R. Overexpression
REFERENCES of cyclin D1 in epithelial ovarian cancers. Gynecol. Onc6#; 189—
1. Cannistra, S. A. Cancer of the ovary. N. Engl. J. M829: 1550— 195, 1997.
1559, 1993. 16. Masciullo, V., Scambia, G., Marone, M., Giannitelli, C., Fer-

2. McGuire, W. P., Hoskins, W. J., Brady, M. R., Kucera, P. R., Par-randina, G., Bellacosa, A., Benedetti Panici, P., and Mancuso, S. Altered
trige, E.E., Look, K.Y., Clarke-Pearson, D.L., and Davidson, M. expression of cyclin D1 and CDK4 genes in ovarian carcinomas. Int. J.
Cyclophosphamide and cisplatin compared with paclitaxel and cisplatifCancer,74: 390-395, 1997.

in patients with stage Ill and stage IV ovarian cancer. N. Engl. J. Med.,17. Hung, W. C., Chai, C. Y., Huang, J. S., and Chuang, L. Y. Expres-

334:1-6, 1996. sion of cyclin D1 and c-Ki-ras gene product in human epithelial ovarian
3. McCluskey, L. L., and Dubeau, L. Biology of ovarian cancer. Curr. tumors. Hum. Pathol27: 1324-1328, 1996.

Opin. Oncol.,9: 465-470, 1997. 18. Barbieri, F., Cagnoli, M., Ragni, N., Pedulla, F., Foglia, G., and
4. Wolf, N. G., Abdul-Karim, F. W., Schork, N.J., and Schwartz, S. Alama, A. Expression of cyclin D1 correlates with malignancy in human
Origins of heterogeneous ovarian carcinomas. Am. J. Pathdb; ovarian tumours. Br. J. Cancet5: 12631268, 1997.

511-520, 1996. 19. Betticher, D. C., Heighway, J., Hasleton, P. S., Altermatt, H. J.,

5. Kyo, S., Takakura, M., Tanaka, M. L., Murakami, K., Saitoh, R., Ryder, W. D. J., Cerny, T., and Thatcher, N. Prognostic significance of

Hirano, H., and Inoue, M. Quantitative differences in telomerase activity CCND1 (cyclin D1) overexpression in primary resected non-small-cell
among malignant, premalignant, and benign ovarian lesions. Clin. Cantung cancer. Br. J. Cancef3: 294—300, 1996.

cer Res.A: 399-405, 1998. ) 20. Gansauge, S., Gansauge, F., Ramadani, M., Stobbe, H., Rau, B.,
6. Cheng, P., Schmutte, C., Cofer, K. F., Felix, J. C., Yu, M. C., andHarada, N., and Beger, H. G. Overexpression of cyclin D1 in human

Dubeau, L. Alterations in DNA methylation are early, but not initial, pancreatic carcinoma is associated with poor prognosis. Cancer Res.,
events in ovarian tumorigenesis. Br. J. Canc&h: 396-402, 57: 1634-1637, 1997.

1997. _ 21. Akervall, J. A, Michalides, R.J.A.M., Mineta, H., Balm, A.,
7. Marks, J. R., Davidoff, A. M., Kerns, B. J., Humphrey, P. A, Pence, Borg, A, Dictor, M. R., Jin, Y., Loftus, B., Mertens, F., and Wenner-
J.C., Dodge, R. K., Clarke-Pearson, D. L., Iglehart, J. D., Bast, R. C.perg, J. P. Amplification of cyclin D1 in squamous cell carcinoma of the
Jr., and Berchuck, A. Overexpression and mutation of p53 in epithelialhead and neck and the prognostic value of chromosomal abnormalities
ovarian cancer. Cancer ReS1: 2979-2984, 1991. and cyclin D1 overexpression. Cancer (PhilZ9; 380—389, 1997.

8. Cordon-Cardo, C. Mutation of cell cycle regulators. Am. J. Pathol., 22 Maeda, K., Chung, Y.S., Kang, S. M., Ogawa, M., Onoda, N.,
147:545-560, 1995. Nakata, B., Nishiguchi, Y., Ikehara, T., Okuno, M., and Sowa, M.
9. Lammie, G., and Peters, G. Chromosome 11913 abnormalities itDverexpression of cyclin D1 and p53 associated with disease recurrence
human cancer. Cancer Cel, 413-420, 1991. in colorectal adenocarcinoma. Int. J. Cancgt, 310-315, 1997.

10. Jang, W., Kahn, S. M., Zhou, P., Zhang, Y., Cacace, A. M.,23. Kim, S. H., Lewis, J. J., Brennan, M. F., Woodruff, J. M., Dudas,
Infante, A. S., Doi, S., Santella, R. M., and Weinstein, I. B. Overex- M., and Cordon-Cardo, C. Overexpression of cyclin D1 is associated
pression of cyclin D1 in rat fibroblasts causes abnormalities inwith poor prognosis in extremity soft-tissue sarcomas. Clin. Cancer
growth control, cell cycle progression and gene expression. OncoRes.,4: 2377-2382, 1998.

gene,8: 3447-3457, 1993. 24. Nishio, M., Koshikawa, T., Yatabe, Y., Kuroishi, T., Suyama, M.,
11. Lukas, J., Pagano, M., Staskovic, Z., Draetta, G., and Bartek, JNagatake, M., Sugiura, T., Ariyoshi, Y., Mitsudomi, T., Takahashi, T.,
Cyclin D1 protein oscillates and is essential for cell cycle progression inand Takahashi, T. Prognostic significance of cyclin D1 and retinoblas-
human tumor cell lines. Oncoger@, 707—718, 1994. toma expression in combination with p53 abnormalities in primary,
12. Armold, A., Kim, H. G., Gaz, R. D., Eddy, R. L., Fukurushima, Y., resected non-small cell lung cancer. Clin. Cancer Rees1051-1058,
Byers, M. G., Shows, T. B., and Kronemberg, H. M. Molecular cloning 1997.

and chromosomal mapping of DNA rearranged with the parathyroid25. Gillet, C., Smith, P., Gregory, W., Richards, M., Millis, R., and
hormone gene in parathyroid adenoma. J. Clin. Inves88:,2034— Peters, G. Cyclin D1 and prognosis in human breast cancer. Int. J.
2040, 1989. Cancer,69: 92-99, 1996.

Downloaded from clincancerres.aacrjournals.org on November 17, 2019. © 1999 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

AAC_R American Association
for Cancer Research

Clinical Cancer Research

Increased Cyclin D1 Expression Is Associated with Features of
Malignancy and Disease Recurrence in Ovarian Tumors

Federica Barbieri, Monica Cagnoli, Nicola Ragni, et al.

Clin Cancer Res 1999;5:1837-1842.

Updated version

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/5/7/1837

Cited articles

Citing articles

This article cites 24 articles, 6 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/5/7/1837.full#ref-list-1

This article has been cited by 8 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/5/7/1837 .full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/5/7/1837.

Click on "Request Permissions” which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on November 17, 2019. © 1999 American Association for Cancer

Research.



http://clincancerres.aacrjournals.org/content/5/7/1837
http://clincancerres.aacrjournals.org/content/5/7/1837.full#ref-list-1
http://clincancerres.aacrjournals.org/content/5/7/1837.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/5/7/1837
http://clincancerres.aacrjournals.org/

