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Materials and Methods

Abstract

We evaluated the prognostic significance of overexpression of cycle Dl

Patients

and Tumor

Material.

We studied, retrospectively,

47 HNSCC

in 47 patientswith surgicallyresectedsquamouscell carcinomasof the

patients treated at our Institute. All patients (36 male, 1 1 female; average age,

head and neck. Overexpression of cydlln Dl was detected lmmunohisto

59 years, ranging from 32 to 84 years) were treated with curative

chemically using an affinity-purified
polyclonal antibody directed against
the carboxyl-terininal
part of the cydlin Dl protein, applied to formalin

received no prior therapy. The clinical characteristics are summarized in Table
1. The median follow-up period for the group was 76 months, for those still

intent and had

fixed,paraffin-embedded
tissuesections.OverexpressionofcydlinDl was

alive, it was 108 months (N = 47), and for those who died of intercurrent

found in 30 of47 head and neck squamous cell carcinoma (IINSCC) cases

disease, it was 65 months. Tumors were fixed in formalin and embedded in
paraffin, and 4-g.@m
sections were attached onto silane-coated slides. A micro
wave retrievaltechniquewas applied(14).
Antlbodles An antiserum directed against cyclin Dl was generated by
injection of a @3-galactosidase
cyclin Dl fusion protein, using the carboxyl
terminal part of cyclin Dl (amino acids 217â€”296;
correspondingwith the

and was associatedwith a more rapid and frequent recurrence of disease
(P = 0.027). There was a 5-year disease-free Interval of 47% for HNSCC
patients

with a strong overexpression

Di-negative

HNSCC

patients.

of cydlin Dl and of 80% for cydlin

Overexpresslon

of cyclin

Dl was also asso

dated with a shortened overall survival ofthese patients (P = 0.0095), with

a 5-yearsurvivalof 60% for the cyclinDl stronglypositivecasesand of
83%for cydlinDi-negativecases.Overexpresslon
of cydlinDl appearsto

StuI-DdeI

indicate poor prognosis In operable HNSCC.

part of the fusion protein were affinity purified on a glutathione S-transferase
cyclin Dl fusion protein using the whole size cyclin Dl protein (corresponding
with the NcoI-HindIII fragment of cyclin Dl) coupled covalently to activated

Introduction

human carcinomas, including HNSCC,2 and carcinomas of breast,
esophagus, lung, bladder, and liver (1). The 11q13 amplicons found in
different tumors are unusually large, harboring various putative on

as is observed in parathyroid adenomas

and in centrocytic lymphomas (3, 4). More direct evidence that
overexpression of cyclin Dl may play a role in tumorigenesis was

provided by the introduction of cyclin Dl into murine 3T3 cells (5)
and by overexpression of cyclin Dl in target sites of cyclin Dl
transgenic mice (6, 7).
Amplification of cyclin Dl appeared to be correlated with poor
prognosis in breast carcinomas (8, 9) and with lymph node involve
ment in HNSCC (10â€”13).It is therefore of potential interest as a
marker for tumor progression in these tumor types, particularly since
HNSCCS may vary largely in their aggressiveness and metastatic
behavior despite their common histological pattern and clinical stage.
Thus far, no direct correlations between 11q13 amplification and
tumor recurrence have as yet been reported in this group of tumors.

The aim of this study was to investigate whether overexpression of
cyclin Dl is associated with an increased likelihood of tumor recur
in HNSCC.

For that purpose,

we investigated

a retrospective

of cyclin

Dl as measured

by immunohisto

2 The

requests

abbreviation

for
used

reprints

should

is: HNSCC,

in accordance with

and

neck

squamous

cell

were incubatedwith the primaryantibody for 16 h at 4Â°Cand with the
peroxidase-labeled conjugate for 30 mm at room temperature. A two-stage
streptavidin-biotin-peroxidase technique was used (Dako Duet Kit; DAKO,
Glostrup, Denmark). Negative controls consisted of omission of the antiserum

from the primary incubation.
The immunohistological staining was semiquantitatively scored by two of
us who were not aware of the clinical details. Scores were ranked as: (â€”),

negative; (+1â€”),
0â€”5%
of the tumor cells were positive; (+), 5â€”50%
of the
tumor cells were positive; (Ã·+),>50% of the tumor cells were positive. Only
nuclear staining was observed.
Statistical

Analysis.

Details of the scores of immunohistochemical

stain

ing and clinicopathologicalvariablesare presentedin Table 1. Survival and
disease-free interval curves were calculated using the method of Kaplan and

Meier (15). The statisticalanalyses of the differences between curves were
performed using the proportional hazard model of Cox (16) with markers
coded as 1â€”4as continuous variables, with time to recurrence (disease-free

interval) and time to death as end points. For association with location, the
global

log rank test was used. BMDP

(Statistical

Software,

Inc.) was used for

all statistical analyses.

of Overexpression

of Cydin Dl and p53. The

[35S]methionine-labeled cyclin Dl protein (Fig. 1, Lane 4) and was
absent after preincubation of the antiserum with 2.5 p.g of a glutathi
one S-transferase cyclin Dl fusion protein prepared in vitro (Fig. 1,
Lane 2). The B31S antiserum detected nuclear staining in tumor cells

overexpressing cyclin Dl only; no staining was observed in adjacent
normal tissues (Fig. 2). We also did not detect any staining in cell

be addressed.

head

proteins

SCC2 cells overexpressing cyclin Dl (2). This band comigrates with

18U.S.C.Section1734solelyto indicatethisfact.
whom

ies reactive with the @3-galactosidase and bacterial (contaminating)

were removed.
For immunohistochemical staining we used the affinity purified polyclonal

Immunodetection
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I To

sera of these rabbits

affinity-purified rabbit polyclonal antibody B31S detected a Mr
33,000 protein (Fig. 1, Lane 1) from [35S]methionine-labeled UM

chemistry is significantly associated with tumor recurrence in this
series of 47 operable HNSCCs.

charges. This article must therefore be hereby marked advertisement

Preimmune

Results and Discussion

series of 47 HNSCC patients who had been curatively treated by
surgery, with or without postoperative radiotherapy. Our results mdi
cate that overexpression

Dl) into rabbits.

antibody, B31S, at a 1:80 dilution using PBS/1% BSA. The tissue sections

cogenes, of which cyclin Dl is most consistently amplified and
overexpressed (2). Overexpression of cyclin Dl may also result from

rence

of cyclin

CH-Sepharose 4B (Pharmacia Biotech Europe). With this procedure, antibod

Amplification of the 11q13 region has been observed in a variety of

chromosomal translocations,

fragment

did not react with the fusion protein. Antibodies directed against the cyclin Dl

carcinoma.
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Table 1 Overexpressionof cyclin Dl in 47 operable HNSCC
patientsCharacteristicsPositiveNegativePn3017Age

(mean Â±SD)59.8
Â±12.057.3
13.00.52â€•SexMale23130.99â€•Female74Primary

recurred much more rapidly and more frequently when the primary
tumors overexpressed cyclin Dl as compared with primary tumors
lacking such an overexpression (P = 0.027). This is especially the case
when more than 50% of the tumor cells were positive (++) for cyclin
Dl. Overall survival also appeared to be significantly associated with

Â±

overexpressionof cyclin Dl (P = 0.0095; see Fig. 3B). Our findings
indicate a correlation between overexpression of cyclin Dl and re
currence of HNSCC treated with curative intent and confirm earlier
reported associations between amplification of cydin Dl and a more
aggressive phenotype of HNSCC (10â€”13).The reported frequency of
amplification of the 11q13 region encompassing cyclin Dl varies in
HNSCC tumors from 30 to 60% (10â€”13). This variation may be
largely influenced by the relatively small groups of tumors studied

siteHypopharynx1950.044cOropharynx36Larynx75Neck

unknown11primaryThMâ€•T177o.@.se1286i's71T472T511o.82eN0127N1117N253N311Primary
+

and by the sensitivity of the methodsused to determineamplification
of cyclin Dl. Moreover,overexpressionof cyclin Dl resultsnot only
from amplification but also from other deregulations of cyclin Dl
gene expression (2). Gillet et aL (17) and we3 have shown that

overexpressionof cyclin Dl in breast tumors as detected by immu
nohistochemistry occurred almost twice as frequently as cyclin Dl
amplification. This may explain the higher frequency of 64% of the
HNSCC tumors positive for cyclin Dl overexpression in our series.

Overexpressionof cyclin Dl appearednot to be associated with
tumor stage. This discrepancy is probably due to the selection of

treatment
Surgery86053bSurgery
RV12211RecurrenceLoco-regional52Distant61
+

kDa
I test with Welch correction
b
@

@

C

for unequal variances.

97-

@2test.
test:

exact

P.

tumor (1)-nodes (N)-metastasis;RT, radiotherapy.
e @2test for trend

@

68-

lines that do not express cyclin Dl, such as H9 which only expresses
cyclin variants D2 and D3 or Saos-2 cells, which do not contain any
of the D cyclins.3 Using this antiserum, we obtained in breast tumor
specimens the same staining pauerns as those described previously by
Gillett et al. (17) using fixation in methacarn.3
Prognostic Significance of Overexpression
of Cyclin Dl. The
primary aim ofthis investigation was to determine whetheroverexpression of
cyclin Dl could serve to identify a proportionally distinctive group of
HNSCC patients. For this study, we used a selected group of tumors still
amenable to surgical treatment. This is reflected in the composition of this
group (Fable 1), which shows an overrepresentation of the lower T and N
stages@This is also evident from the overall survival data of this group, with
a S-yearoverallswvival rateof7O%, versusan averageof25% for a random
group of HNS@C patients (18). Despite the selected nature of this group of
HNSCC patients@we still detected a significant association of tumor site and
survival (Fable 2), but not of tumor size or nodal status alone.

43-

We observed strong staining (++) for cyclin Dl in 10 of the 47
HNSCC (21%) and a (+) staining in a further 20 cases (43%).

..@,.

31-

Examples of the staining patterns are shown in Fig. 2. After micro

wave pretreatment,the B31S antiserumdetecteda clearnuclearstain
ing in tumors with an overexpression of cyclin Dl. Normal tissue did

not stain. The staining was absent when the antiserumwas preab
sorbed with an excess of in vitro synthesized cyclin Dl protein. The
staining intensity correlated with the degree of cyclin Dl amplifica
tion.3 As shown in Fig. 3A, the Kaplan-Meier disease-free interval
curve demonstrated that when all patients were considered, tumors
3 R. Michalides,

Ph. Hageman,

H. van

Tinteren,

L

Houben,

E. Wientjens,

R. Kiomp

maker, and H. Peterse. A clinico-pathological study on overexpression of cyclin Dl and
of p53 in a series of 248 patients with operable breast cancer, submitted for publication.

1

2

3

4

Fig. 1. Affinity-purified B31S antiserum detects cyclin Dl. Equal amounts of expo
nentially growing UMSCC2 cells were labeled for 30 mm with â€œS-proteinlabeling mix,
and aliquots of cell lysates were subjected to immunoprecipitation using 5 p.1of affinity
purified B31S antiserum (Lanes 1 and 2) or Sepharose-protein A beads as control (Lane
3). For Lane 2, the antiserum had been preincubated with 2.5 @g
glutathione S-transferase
cyclin Dl protein for 1 h, at 37Â°C.In Lane 4, 10@cpm of in vitro [35Sjmcthionine labeled
cyclin Dl protein was applied to the gel. Wa, molecular weight in thousands.
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Table 2 P value? for associationwith survivaland disease-freeintervalin 47 HNSCC

cases
SurvivalDFIbCyclin

Dl0.00950.027Location0.00710.033T0.730.25N0.620.56Stage0.610.41

I

a p values according tOthe globailog rank test for location.
b DFI, disease-free interval; T, tumor-stage; N, nodal stage.
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Fig. 3. Kaplan-Meier disease-free interval (A) and survival (B) curves of 47 operable
HNSCC patients stratified for overexpression of cyclin Dl.

operable tumors and therefore of tumors with a relatively favorable
prognosis in this study. The lack of any association between overex
pression of cyclin Dl and tumor size and stage state suggests that
overexpression

of cyclin

Dl

could

well

serve

as an independent

prognostic marker. These results justify an immunohistochemical
study on a larger scale including other treatment modalities provided

that cyclin Dl overexpression in biopsy material will be informative
of the tumor. The association between overexpression of cyclin Dl

@

C â€˜

and tumor recurrence in this group of operable HNSCC patients is of
practical clinical relevance since it identifies a group of patients at
increased risk of tumor recurrence who may benefit from more

@.
â€˜@:

intensive treatment.
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