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Summary One of the most important components of G1 checkpoint is the retinoblastoma protein (pRB°). The activity of pRB is regulated by
its phosphorylation, which is mediated by genes such as cyclin D1 and p16/MTS1. All three genes have been shown to be commonly altered
in human malignancies. We have screened a panel of 26 oral squamous cell carcinomas (OSCC), nine premalignant and three normal oral
tissue samples as well as eight established OSCC cell lines for mutations in the pI6/MTS1 gene. The expression of p16/MTS1, cyclin D1 and
pRB1° was also studied in the same panel. We have found p16/MTS1 gene alterations in 5/26 (19%) primary tumours and 6/8 (75%) cell
lines. Two primary tumours and five OSCC cell lines had p16/MTS1 point mutations and another three primary and one OSCC cell line
contained partial gene deletions. Six of seven p16/MTS1 point mutations resulted in termination codons and the remaining mutation caused
a frameshift. Western blot analysis showed absence of p16/MTS1 expression in 18/26 (69%) OSCC, 7/9 (78%) premalignant lesions and 8/8
cell lines. One cell line, H314, contained a frameshift mutation possibly resulting in a truncated p16/MTS1 protein. pRB was detected in 14/25
(56%) of OSCC but only 11/14 (78%) of these contained all or some hypophosphorylated (active) pRB. In premalignant samples, 6/8 (75%)
displayed pRB, and all three normal samples and eight cell lines analysed contained RB protein. p16/MTS1 protein was undetectable in 10/11
(91%) OSCCs with positive pRB. Overexpression of cyclin D1 was observed in 9/22 (41%) OSCC, 3/9 (33%) premalignant and 8/8 (100%) of
OSCC cell lines. Our data suggest p16/MTS1 mutations and loss of expression to be very common in oral cancer cell lines and less frequent
in primary OSCC tumours. A different pattern of p16/MTS1 mutations was observed in OSCC compared to other cancers with all the detected
pl6/MTS1 mutations resulting in premature termination codons or a frameshift. The RB protein was expressed in about half (44%) of OSCCs
and its expression inversely correlated with p16/MTS1 expression. In conclusion, we show that abnormalities of the RB pathway are a
common mechanism of oral carcinogenesis.
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Oral squamous cell carcinoma (OSCC) is the most commosuch as E7 from certain types of papillomaviruses (Li et al, 1993),
malignancy in South Asia. Carcinogens such as alcohol, tobacdarge T antigen of SV40, E1A of certain adenoviruses (Wang et al,
and nitrosamines contained in areca nut are known to cause th891) and IE2 of cytomegaloviruses (CMV) (Hagemeier et al,
development of most oral cancers but the molecular mechanisni®94). It also binds several cellular proteins including cyclin-
involved in the malignant transformation of oral epithelial cells aredependent kinases and the E2F transcription factor (Bagchi et al,
still unclear (Johnson, 1991). Aberrations in g3 gene have 1991; Chellappan et al, 1991), suggesting a very important role for
been shown to be the most common genetic alterations in or&B in controlling cellular growth. pR® activity is regulated by
cancers (Wong et al, 1996). However, about 50% of oral canceghosphorylation, which occurs in a cell cycle-dependent manner
seem to have wild-type (wpp3, suggesting that other genes may (Chen et al, 1989). Dephosphorylation of gRBenders it active,
contribute to the development of oral malignancies. Recentlyleading to G1 arrest. The phosphorylation and inactivation of pRB
much attention has been focused on the role of the G1 checkpoiistthought to be induced by successive waves of cyclins D1, D2
in human cancer. Apart fropp3, the retinoblastoma (RB) gene and D3 together with CDK4 or CDK6 and cyclin E together with
product, pRB, is another key component of this checkpoint CDK2. The function of these complexes is counteracted by the
(Weinberg, 1995). pR® was the first of the ‘pocket’ proteins to activity of cyclin-dependent kinase inhibitors (CDKIs) (reviewed
be characterized (Goodrich and Lee, 1993). The other knowhy Hunter and Pines, 1994; Sherr, 1994). Two CDKI families
members of this family of proteins are p130 and p107 (Ewen et ahre known, the prototype genes of these families being
1993; Mayol et al, 1993). pRB binds a number of viral proteingp16/CDKN2/MTS1 (Serrano et al, 1993) and p21/WAF1/CIP1
respectively. p21/WAF1 is thought to be a ‘universal’ CDKI,
inhibiting the activity of both Cyclin D-CDK4/6 and Cyclin E-
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Correspondence to: M Tavassoli cycle, peaking with a slight increase at G1 phase (Tam et al, 1994;

79



80 M Sartor et al

Stone et al, 1995). Ectopic overexpression of p16/MTS1 has bedDNA preparation and mutational analysis

shown to result in G1 arrest (KOh. et al, 1995; Lukas et al, 1995;y,o p16/MTS1 polymerase chain reaction (PCR) was performed

Serrano et al, 1996). This arrest is dependent on the presenceugﬁng primers; exon 1 (sensé:GGG CTG CGG AGA GGG

(w) pRB (Medema et al, 1995). _ GGA GA-3, antisense:'SsCCG CTG CAG ACC CTC TAC CCA
pl6/MTSL1 is located on 9p21 in humans, a region commonI)CCT_3) exon 2 part 1 (sensé-ACA AGC TTC CTT TCC GTC

deleted in many tumour types (Fountain et al, 1992; Kamb et 8l ccG- 3. antisense: '5SCCA GGC ATC GCG CAC GTC

1994). As well as gene deletion (van der Riet et al, 1994; Reed @A-3’) exon 2 part 2 (sense-5TC CTG GAC ACG CTG GTG

al., 1996), point mutations (Zhou et al, 1994, Liu et al, 1995; ArapgsT.3 antisense: '5TCT GAG CTT TGG AAG CTC TCA G3

et al, 1997), methylation (Gonzalez-Zulueta et al, 1995; Ottersop,q 3 (sense: EGC CTG TTT TCT TTC TGC CCT CTG:3
et al, 1995; Shapiro et al, 1995) and the TAX protein of HTLV1 4 iisense: '5GAA AGC GGG GTG GGT TGT GG}

virus (Suzuki et al, 1996) have been found to inactivate p16/MTS;\mpIification of glyceraldehyde 3-phosphate dehydrogenase
in several tumour types including head and neck (Reed et al, 199gs AppH) was used as an internal PCR control. Oligonucleotide
Olshan et al, 1997; Papadimitrakopoulou et al, 1997). primers for GAPDH were (sense:AGT ACG CTG CAG GGC

Cyclin D1/PRAD1/BCL1 is located on 11913 in humans, acTc ACT CC TT-3, antisense 'SAAG AGC CAG TCT CTG
region commonly amplified in several types of cancer (Berensogscc cca Gec A-3. The PCR reaction consisted ofillof
et al, 1989; Bartkova et al, 1985199%). As well as amplifica-  pNA extract, 25 pmol of each primer, 1X PCR Promega Formula
tion, mutations which result in the stabilization of cyclin D1 p fer containing 1.5m magnesium, 20Qm dNTPs, 5%
protein have also been suggested to be a mechanism for taﬁnethyl sulphoxide (DMSO) and 1.5Wag polymerase
abnormal accumulation of cyclin D1 (Welcker et al, 1996)'(Advanced Biotechnology) in a total volume of B0 The PCR
Ectopic expression of cyclin D1 results in the acceleration of theyjy \as denatured at 9@ for 5 min, followed by 30 cycles
G1/S phase transition, showing that cyclin D1 is rate-limiting(94ocl 30's; 62C, 1 min and 72C, 1 min).
in this step (Jiang et al, 1993; Ohtsubo and Roberts 1993). The pNA was isolated from 6 um cryostat sections from frozen
accelera_ltion through the G1 checkpoin_t due_to cyclin_Dl OVelynecimens for which adjacent sections were examined by
expression has been shown to result in an increase in genomigcroscopy for assessment of the presence of adequate tumour tissue
instability (Zhou et al, 1996). _ _ and the proportion of stromal tissue. All OSCC samples used for

Despite the importance of pRBin regulating the G1 check- pNA extraction showed > 60% tumour tissue in each case.
point, mutations in pRB® are uncommon in head and neck cejylar DNA was extracted as we have previously described
squamous cell carcinomas (Yoo et al, 1994). This suggests that n@feingrimsdottir et al, 1997). Briefly, the samples were lysed in
only pRB", but also the proteins regulating RB function, may begqqiym dodecy! sulphate (SDS) buffer [10@ raodium chloride
involved in carcinogenesis of head and neck epithelium. (NaCl), 10 m Tris-HCI, 25 mu EDTA, 0.5% SDS pH 8.0] and

In this study we have assessed aberrations in genes upstream@fe incubated with 0.1 mg rhiproteinase K for approximately
RB including p16/MTS1, cyclin D1 as well as pRBtself ina 5, The lysate was then treated with an equal volume of
panel of OSCC and premalignant oral lesions as well as OSCC C‘:ﬂhenol—chIoroform—isoamyl alcohol pH 8.0 (25:24:1). DNA was
lines. Our data suggest that loss of expression of p16/MTS1 is Vekcovered from the agueous phase by the addition of 2 volumes of
common in OSCC. Also, cyclin D1 was frequently found to begihanol and was stored in 1@OTE containing 21g RNAse A. For

overexpressed in malignancies of the oral cavity. While the RB,;.h pcR reaction, 1l DNA extract equal to approximately 100 ng
gene itself seems to be less prone to alterations in this type Qfss used.

cancer its expression and/or activity is altered by other proteins

such as p16/MTS1, cyclin D1 and possibly E7 of HPV-16. PCR amplification and SSCP analysis of the = p16/MTS1
gene

For SSCP analysis, the PCR products were labelled after 15 cycles
MATERIALS AND METHODS by the addition of LCi [a-3P]dCTP. A total of 3ul of the
labelled PCR products were diluted withudof 95% deionized
formamide containing bromophenol blue—xylene cyanol,uB.7
Fresh oral biopsies were collected from 38 patients with lesionEDTA (0.5m) and 26.2511 water. The PCR mixtures were dena-
clinically and histologically diagnosed as OSCCs or premalignanfured for 5 min at 95, and were snap frozen by placing in liquid
mucosal lesions from six hospitals in South East England. Thregitrogen. The denatured productsy{b were loaded on an 8%
pathologically normal specimens were also included. The totahon-denaturing polyacrylamide gel electrophoresis (PAGE) gel
panel consisted of 22 male and 16 female and their mean age Wwasd separated using<ITBE in the upper chamber (cathode) and
65.6+ 2.1 years. Histology confirmed that 26 of these were malig2 x TBE in the lower chamber (anode). Electrophoresis was
nant OSCC; nine were keratoses with varying grades of dysplasgrried out at 350 volts at room temperature overnight. The gels
(Tables 1 and 2). OSCC were histologically graded as wellwere dried and exposed to X-ray film developing after 16 h.
moderate and poorly differentiated and the severity of dysplasia as For sequencing, 401 of the PCR products were electro-
mild, moderate or severe by the Smith and Pindborg Criteri@horesed in a 1% low melting point agarose gel and the target
(1969). The samples were stored in the gas liquid phase of liquigands were excised from the gel. The selected agarose fragments
nitrogen until further use. The oral cancer cell lines were giftsyere sliced and digested with Agarase (B-Agarase |, Calbiochem)
from Profs Stephen Prime, Bristol (H103, H157, H314, H357according to the manufacturer's recommendation. The purified
H376, H400) and Barry Gusterson, Sutton (HN5 and HN6). ThédNA products were then sequenced directly using bb#n8 3
cells were grown under the conditions which have been previouslyrimers together with dye terminators in an ABI 373A automated
described (Bartkova et al, 1995reudall et al, 1995). sequencer.

Sample selection
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Expression analysis The expression results are summarized in Tables 1 and 2. Absence

For Western blotting, samples were lysed in Laemmli sampl@ P16 was observed in 18/26 (69%) OSCC, whilst 8/26 (31%)
buffer (Laemmli, 1970), which were then boiled and resolved by?SCCs and 2/9 (22%) premalignant lesions expressed p16/MTS1
SDS-PAGE, 6-12.5%. The gel was transferred to (Mitro- (Table 1 and Figure 2). All 8/8 (100_%) cell lines lacked the expres-
cellulose membrane (Schleicher and Schuell) as previousl§ion Of P16/MTS1. Sample 6, which had a p16/MTS1 mutation
described (Towbin et al, 1992). Probing of the blot and detectiofeSUIting in & termination codon (Tables 1 and 2), did not express
of the antibodies were performed according to the manufacturer@0rmal size p16/MTS1. However, sample 15, which had the same
instructions for the enhanced chemiluminescent reaction (ECL€MInation mutation as 6, expressed pl6/MTS1 protein. Also,
from Amersham). The membrane was blocked for 1 h in 4% millG@MPle 24 with exon 1 deletion lacked p16/MTS1 expression,
powder containing 1% bovine serum albumin (BSA) in TBSTWhile both sam_ples 13 and 14 with a similar deletion expressgd
buffer (20 mu Tris pH 8.0, 150 m NaCl, 0.05% Tween-20). For moderate to hlgh levels of_ pl6/MTS1. Wc_estern blot analy5|s
p16, the antibody used was DCS-50 and for cyclin D1, Dcs_éie_tected a protein of appro?qmately 25 kDa in the H314 cell line
(both gifts of Dr Jiri Bartek and Dr Gordon Peters). Both p16YSing C-20 pl6/MTS1 antibody (Santa Cruz). However, such
and cyclin D1 antibodies were diluted 1:1000 in TBST. For pRBPrOt€in was not detected using another p16/MTS1 antibody,
the antibody used was 14001A (Pharmingen), diluted 1:500 i CS-50.
TBST. Secondary antibodies tagged to horseradish peroxidase

were detected using the enhanced chemiluminescence method
according to the manufacturer’s instructions (ECL, from
Amersham). pl6-positive cell line MDAMB 468 and cyclin

S - . 2F 3F 6F 13F 14F 24F HNS5 HN6
D1-positive cell line MCF7 were used as positive controls. ;

7

RESULTS GAPDH =3

pl6/MTS1 gene deletion/mutation analysis

DNA from 26 OSCC tumours, nine premalignant and three norme
samples as well as eight OSCC cell lines was analysed by PC
Exons I, 2 and 3 of p16/MTS1 were independently amplified
using GAPDH primers in the same reactions as an internal contrFigure 1 Analysis of p16/MTS1 exon la by PCR. Exon 1a of p16/MTS1
Because of the large size of p16/MTS1 exon 2 (305 bp), this wedene was co-amplified with the internal control GAPDH and 10 pl of PCR
e ! products were separated on a 2% agarose gel. The bands corresponding to

amplified as two separate fragments (parts | and II). the predicted molecular weights of the GAPDH (474 bp) and p16/MTS1 exon

Samples 13, 14 and 24 failed to amplify the 218 bp fragmerlfx (218 bp) amplicons are indicated on the gel by arrows. Lane numbers
expected for exondl These samples amplified a 474 bp fragmentCrespond o the sample references in Table 1
corresponding to the GAPDH fragment, albeit a weaker band was
observed for 24 (Figure 1). These results suggested that at least
part of exon i is deleted in these three tumours (Figure 1).

p16 exon 1o~

! ; C.D1p16

To examine thel6/MTSI1 gene mutations the PCR products +VE +VE 37F 36F 35F 34F 32F 31F 19F 18F 17F 15F
were then analysed by single-stranded conformation polymowC in D1 “-~a

phism (SSCP) and samples that showed abnormal shifts on t yelin B2 == e -

SSCP gel were subsequently sequenced directly. Point mutatio -
were detected in 2/26 (8%) of the primary oral tumours, 6 and 1! - = e i .
Both of these were non-sense mutations at codon 58 (CGA>TG; pl6 —- ‘ . gy W :
arg>term). Sample 6 also showed a transition at codon 14 ' :
(GCG>ACG, ala>thr), which is a known p1l6/MTS1 polymor- _ ) ) o .

. Figure 2 Western blot analysis of cyclin D1 and p16 in primary oral lesions
phism (Tables 1 and 2). and oral cancer cell lines. Total cell or tissue lysates were separated in a

Analysis of thep16/MTS1 gene in the cell lines by PCR amplifi- 12.5% SDS-PAGE, transferred to a nitrocellulose membrane and the
cation showed deletion of exon 3 in one cell line. HN6 Poin.membrane was hybridized to antibodies DCS-50 for p16 and DCS-6 for

i . A ’ : cyclin D1. The lanes indicated +C. D1 for MCF-7 cell lysate as cyclin D1-
mutations in thep/6/MTS1 gene were found in 5/8 (63%) of positive control; +p16 for MDAMB 453 cell lysate as pl6-positive control. The
OSCC cell lines (Tables 1 and 2). We found non-sense mutatiorest of the lanes correspond to the sample references in Table 1
at codons 58 (CGA>TGA, arg>term) in H103 and H357, and
codon 80 (CGA>TGA, arg>term) in H157. In HN5, codon 88 was
mutated substituting GAG>TAG, glu>term. In H314, the deletior HI57 'H103 HN5  HN6  H376  16F
of a single G at codon 69 caused a frameshift. This frameshi
results in several termination codons in the reading frame, the fir
one being in codon 119. None of the premalignant or normg o - e m -3
RB —&= H

samples showed either deletions or point mutations in thp : m gty
pl6/IMTSI gene.

pl6/MTS1 expression Figure 3 Western blot analysis of pRB in oral samples. Total cell or tissue

; ; ; lysates were separated on a 6% SDS-PAGE and the membrane was
Expressmn _Of pl6/MTSl was apalyseq In primary sample_s anhylz)ridized to antibody 14001A. Samples are marked according to the
OSCC cell lines by Western blotting, using the DCS-50 antibodysample references in Table 1
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Table 1 Comparison of p16/MTS1 mutation analysis and expression of p16, cyclin D1 and pRB in primary oral lesions

Sample Sample p16 Mutation pl6 Cyclin D1 pRB pRB
number histology analysis expression  expression expression phosphorylation
status

2 osccC WT - NA + RB105

3 osccC WT - - + RB105

4 osccC WT - NA + RB105

6 OScCC aa58;CGA>TGA - NA - no RB

00148;GCG>ACG

8 oscc WT + + + RB0

9 OoscC WT - + - no RB
10 osccC WT ++ + + RB10
11 osccC WT + - + RB105/110
13 oscc deletion exon 1 + - - no pRB
14 osccC deletion exon 1 ++ + - no RB
15 OSCC aa58;CGA>TGA ++ + NA NA
17 osccC WT - - + RB105
18 oscc WT - - + RB105
19 osccC WT - - - no RB
20 osccC WT - - + RB105
22 osccC WT - - + RB105/110
23 oscc WT - - no pRB
24 osccC deletion exon 1 - - + RB10
26 osccC WT - + + RB105
27 osccC WT - + + RB105
30 osccC WT - - no RB
31 osccC WT + - no RB
32 oscc WT + - - no RB
36 osccC WT - - - no RB
37 oscc WT - - - no RB
42 OosccC WT - + + RB105/110

1 pre-cancer WT - - + RB105/110
12 pre-cancer WT + + + RB105
16 pre-cancer WT - - + RB105/110
25 pre-cancer WT - + NA NA
34 pre-cancer WT + + - no RB
35 pre-cancer WT - - + RB105
38 pre-cancer WT - - + RB105
40 pre-cancer WT - - + RB105
43 pre-cancer WT - - - no RB
33 normal WT + — + RB105
39 normal WT + RB105
41 normal WT - - + RB105

The pRB expression column refers to ‘+’ for samples which expressed either, one or both hypo- and hyperphosphorylated
forms of pRB. The pRB phosphorylation column describes the phosphorylation status of pRB. Samples expressing only
dephosphorylated pRB are denoted as ‘RB1%, only phosphorylated pRB as ‘RB%%’, no expression as ‘no pRB’ and expression
of both forms as ‘RB1°5119" WT, wild-type sequence, NA, not analysed.

Cyclin D1 and RB expression Comparison between pRB, cyclin D1 and p16/MTS1

Western blot analysis using DCS-6 antibody detected high Ievel%xpreSSIon

of cyclin D1 in 9/22 (41%) of the tumours, 3/9 (33%) potential The pRB expression results obtained by Western blotting were
malignancies and in 100% (8/8) of the OSCC cell lines. Bottcompared to those for p16/MTS1 and cyclin D1. We found an
normal samples analysed expressed low levels of cyclin D1. inverse association between the expression of p16/MTS1 and the
pRB was expressed in 14/25 (56%) of the cancers, 6/8 (75%jresence of pRB. Lack of p16/MTS1 expression was observed in
premalignant lesions and all three normals. The level of pRB0/11 (91%) OSCCs which contained active pRB. Also 5/6 (83%)
phosphorylation varied in different samples. pRB was hyperphossf the premalignant lesions which were pRB-positive lacked
phorylated in 3/14 malignant samples (8, 10 and 24), indicating16/MTS1 protein (Table 3) and (8/8) 100% cell lines expressed
the presence of an inactive pRB. Surprisingly, all (8/8) cell linepRB but no pl16/MTS1. Comparison between cyclin D1 and
expressed pRB but in one cell line, H157, mainly the unphosph@16/MTS1 showed 10/13 (77%) OSCCs and 6/6 premalignant
rylated form of pRB was detected (Tables 1 and 2 and Figures samples did not express either Cyclin D1 or p16/MTS1 (Table 4).
and 3). Cyclin D1 and pRB expression also showed some correlation: 5/6
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Table 2 Comparison of p16/MTS1 mutation/deletion and expression of p16, cyclin D1 and pRB in OSCC cell lines

Cell line pl6 pl6 Cyclin D1 pRB pRB
mutation expression expression expression phosphorylation
status status

HN5 oa88s; - ++ + RB105/110
GAG>TAG

HN6 deletion - ++ + RB105/110
exon 3

H103 aa58; - ++ + RB105/110
CGA>TGA

H157 oo 80; - ++ + RB105

H314 00 69; - ++ + RB10s5/110
deletion of G

H357 0a58; - ++ + RB10s/110
CGA>TGA

H376 WT - ++ + RB10s/110

H400 WT — ++ + RBlOS/llO

The pRB expression column refers to ‘+’ for samples which expressed either, one or both hypo- and hyperphosphorylated
forms of pRB. The pRB phosphorylation column describes the phosphorylation status of pRB. Samples expressing only
dephosphorylated pRB are denoted as ‘RB1%’, only phosphorylated pRB as ‘RB%", no expression as ‘no pRB’ and expression
of both forms as ‘RB5119" WT, wild-type sequence, NA, not analysed.

Table 3 Comparison between expression of p16/MTS1 and active pRB

Samples Positive pRB Negative pRB

Positive p16 Negative p16 Positive p16 Negative p16
OosccC 1/11 (9%) 10/11 (91%) 6/14 (43%) 8/14 (57%)
Pre-cancer 1/6 (17%) 5/6 (83%) 1/2 (50%) 1/2 (50%)

pRB was scored as active if either only the hypophosphorylated or both
hypo- and hyperphosphorylated forms were detected.

Table 4 Comparison between expression of cyclin D1 p16/MTS1 by
Western blotting

Samples Positive cyclin D1 Negative cyclin D1
Positive p16 Negative p16  Positive p16 Negative p16

osccC 4/9 (56%) 4/9 (44%) 3/13 (23%) 10/13 (77%)

Pre-cancer 2/3 (67%) 1/3 (33%) 0/6 (0%) 6/6 (100%)

DISCUSSION

In order to understand the role of the RB pathway in oral cancer we
studied the expression of pRB as well as its upstream regulators
pl6/MTS1 and cyclin D1 in primary oral lesions and oral cancer
cell lines. We also analysed pl6/MTS1 mutations in the same
panel. To our knowledge, few studies have analysed the expressior
of these three key proteins in primary OSCCs (Andl et al, 1998).

In primary OSCCs, pl6/MTS1 point mutations/deletions
occurred relatively frequently (19%) but in the cell lines the
pl6/MTSI gene was altered with a much higher frequency (75%).
No pl16/MTS1 gene alterations were found in premalignant or
normal samples. This large difference in the frequencies, also
reported by others (Zhang et al, 1994), could be due to instability
of thepl6/MTS1 gene in the cell lines maintained for long duration
in culture. Mutations in th@/6/MTSI gene could also confer a
growth advantage to cells and therefore cells with such mutations
are selected for establishing lines. Another reason for the lower
incidence of p1l6/MTS1 mutations in primary tumours could be
due to the heterogeneity of the tissues analysed. The presence c
normal cells in the specimens can mask the detection of p16/MTS1
point mutations/deletions.

Mechanisms other than gene mutation have also been shown tc

(83%) of the premalignant lesions expressed pRB but no cyclin Dibe responsible for down-regulation of {W&/MTS1 gene (Hara et
while only 6/9 (67%) of the OSCCs showed that pattern of expresal, 1996). DNA methylation has been shown to play an important
sion (Table 5). The number of normal samples in this study wasole in silencingpl6/MTS1 gene transcription (Otterson et al,

too small to make any correlation.

1995). In this study, 16/26 (62%) OSCCs, 5/9 (56%) premalignant

© Cancer Research Campaign 1999

Table 5 Comparison between expression of cyclin D1 and active pRB

Samples Positive pRB Negative pRB

Positive cyclin D1 Negative cyclin D1 Positive cyclin D1 Negative cyclin D1
oscc 3/9 (33%) 6/9 (67%) 5/12 (42%) 7112 (58%)
Pre-cancer 1/6 (17%) 5/6 (83%) 1/2 (50%) 1/2 (50%)

pRB was scored as active if either only the hypophosphorylated or both hypo- and hyperphosphorylated forms were observed.

British Journal of Cancer (1999) 80(1/2), 79-86



84 M Sartor et al

lesions and 2/8 cell lines which had no detectable p16/MTStarcinogens contained in the aetiological factors for oral cancer
mutation, lacked p16/MTS1 protein. This indicates that epigenetisuch as tobacco and alcohol. For example, most p16/MTS1 muta-
mechanisms such as DNA methylation could be responsible fdions in glioblastomas (Kyritsis et al, 1996), oesophageal (Mori
inducing gene silencing in these samples. et al, 1994), lung, leiomyosarcoma, chondrosarcoma, prostate and
In three primary tumours p16/MTS1 exom Was not amplified  non-small cell lung cancer cell lines analysed are mis-sense muta-
despite amplification of exons 2 and 3 as well as the GAPDHions (Liu et al, 1995; Ruas and Peters, 1998). However,
gene. We interpreted this to be a partial deletiop/@/MTS1 melanomas have also been shown to frequently contain non-sense
gene. Surprisingly, two of these three samples expressedutations in the/6/MTS1 gene (Liu et al, 1995). Of the OSCCs
pl6/MTS1 protein (Tables 1 and 2). This could be due to theanalysed by Zhang et al (1994) only a small percentage contained
presence of small deletions or point mutations preventing primanon-sense mutations in the/6/MTS1 gene, though in other
annealing and hence gene amplification, but not affecting thstudies no non-sense mutations were found in the OSCCs analysed
reading frame and expression jaf6/MTS1 gene. Alternatively, (Yoshida et al, 1995).
this discrepancy could be due to the use of different sections takenWestern blot analysis detected pRB in 14/25 (56%) OSCCs, 6/8
from different parts of the tumour for use in the PCR and Wester(i75%) premalignant samples as well as all 8 cell lines. Down-
blot analyses. regulation of pRB expression occurred in about half of the OSCC
In sample 24, which failed to amplify exom,1the level of  primary tumours.
GAPDH was also lower, which was probably due to the presence The function of pRB has shown to be normally regulated by
of less DNA in this particular sample available for the PCR reacphosphorylation (Chen et al, 1989). Hyperphosphorylation of
tion. We checked and confirmed the partial deletions in thg@RB, which is controlled by cyclin D1-CDK4/6 renders pRB
pl6/MTS1 gene in these three tumour samples in three indepennactive. Cyclin-dependent kinase inhibitors such as p16/MTS1
dent PCR reactions. However, we are aware of the limitations adre responsible for inhibiting pRB phosphorylation and thus
the semiquantitative PCR technique for deletion detection, therénduce pRB activity. To understand the role of pRB in the control
fore we are cautious interpreting our PCR results. To minimizef cell growth, it is important to examine not only the level but
artefacts, only sections with more than 60% malignant cells weralso the phosphorylation status of RB protein. We examined the
used for DNA and protein analysis. The option of tissue microdisstatus of RB phosphorylation in the panel of OSCCs studied and
section was also considered, but preliminary experiments showeibserved that in most samples both hyper- and hypophosphor-
that this process greatly increases the risk of tissue contaminatideted forms of pRB were present. The samples which expressed
caused by the extensive manipulations performed on the tissudsoth hypo- and hyper- or only hypophosphorylated pRB were
The frequency of deletions within or encompassing#teéM7S1 classed as samples containing active pRB; the samples containing
gene has been found to vary greatly. For example, one study (Reedly hyperphosphorylated pRB were classed as having inactive
et al, 1996) showed homozygous deletions of 9p in 67% of heaoRB.
and neck tumour samples, whilst Zhang et al (1994) could not To understand the association between different components of
detect any p16/MTSL1 deletions in 68 head and neck tumours thtte pRB pathway, we compared the status of p16, pRB and cyclin
they analysed. Also, it has been shown that deletions on 9p do nbtl.. In normal cells both p16 and cyclin D1 are expressed at low
necessarily correlate with loss of p16/MTS1 expression. Indeed, ievels throughout the cell cycle. p16 is known to slightly peak at
has been shown that loss of p16/MTS1 expression can occur aeatry into S phase. Thus in non-malignant cells low or unde-
much higher frequency than deletion of thé6/MTSI gene  tectable levels of cyclin D1 and pl16 is expected. The absence
(Gonzalez-Zulueta et al, 1995). The converse is also true: deler high steady state levels observed in some tumours therefore
tions in 9p do not necessarily affect p16/MTS1 expression (Chenigdicates the presence of abnormal regulatory mechanisms.
et al, 1994; Farrell et al, 1997). The results shown above suggested an inverse relationship
Deletions encompassing exort ould affect other genes (91%) between the presence of pRB and pl6/MTS1 proteins
upstream op/6/MTS1, such as the CDKI p15/MTS2 (Hannon and (Table 2). Such correlation has previously been reported by Parry
Beach, 1994) or p29F (Quelle et al, 1995, 1997). Two recent et al (1995) who have shown absence of pRB function to result in
papers discuss the importance of 47£9n the regulation of the the accumulation of p16. However, our data suggest that the lack
p53 pathway (Pomerantz et al, 1998; Zhang et al, 1998}*p19 of p16/MTS1 expression is most likely due to its gene aberrations
can suppress cellular proliferation in cells bearing wt p53, but natather than due to inadequate regulation by pRB.
otherwise (Kamijo et al, 1997). This is thought to occur by virtue Cyclin D1 overexpression was found in 9/21 (43%) OSCC and
of p19RF ability to destabilize the MDM2 protein (Pomerantz et in 3/9 (33%) premalignant samples. HN5 and HN6 have been
al, 1998; Zhang et al, 1998). The MDM2 protein has also beepreviously reported not to bear amplification of thelin D1 gene
shown to play a role in the pRB regulated cell cycle control(Bartkova et al, 1995. However, when compared to the positive
(Martin et al, 1995; Xiao et al, 1995). Alterations in {Erotein control cell line MCF7, comparable expression of cyclin D1 was
as a result of p16/MTS1 mutations could affect its function,detected in HN5 and HN6. Thus, the expression of cyclin D1 in
leading to pRB deregulation and development of cancer. these cell lines was recorded as high. Surprisingly, 100% of the
Interestingly, we found that all but one of th&s/MTS1 gene  OSCC cell lines showed high levels of cyclin D1 expression.
point mutations resulted in a termination codon. The remainindhese results suggest that cyclin D1 overexpression is very
mutation identified in the cell line H314 created a frameshift. Thiscommon and possibly an early event in oral carcinogenesis. Other
frameshift results in several termination codons after codon 11%tudies have shown moderate overexpression of cyclin D1 in up to
thus presumably a truncated p16/MTS1 protein is produced. Thi#0% of OSCC cell lines (Timmermann et al, 1997). Also, amplifi-
observation shows that the spectrum of p16/MTS1 mutation ication of thecyclin DI gene has been observed in 25% of oral
oral cancer is different to other tumour types and may be related ttysplasias (Kyomoto et al, 1997). Overexpression of cyclin D1 in
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our samples could be due to gene amplification. Although we hawvi@artkova J, Lukas J, Muller H, Strauss M, Gusterson B and Bartek 31995

not examined cyclin D1 amplification, high frequencycgaa[‘lin Abnormal patterns of D-type cyclin expression and G1 regulation in human
DI gene amplification (between 30 and 50%) in head and necl_"°3%2nd neck canceluncer Res 55: 949-956
g p 0 Eartkova J, Lukas J, Strauss M and Bartek J (2p@¥clin D1 oncoprotein

cancers has been previously reported (Bartkova et alpL995 aberrantly accumulates in malignancies of diverse histogetesisgene 10:
When cyclin D1 expression was compared to pRB we found  775-778
that 6/9 (67%) malignant tumours and 5/6 (83%) prema|ignanl§erenson JR, Yang J and Mickel RA (1989) Frequent amplification of the bcl-1

. : . locus in head and neck squamous cell carcino®asigene 4: 1111-1116
lesions had pRB expression but lacked cyclin D1. Whether Sucghellappan SP, Hiebert S, Mudryj M, Horowitz JM and Nevins JR (1991) The E2F

correlation 'bears any S'Qn!f|cance is not known. ~ transcription factor is a cellular target for the RB protéir! 55: 1053-1061

The cyclin-dependent kinases 4 and 6 are dependent on cyclihen PL, Scully P, Shew JY, Wang JY and Lee WH (1989) Phosphorylation of the
D1 for their activity and regulate the activity of pRB by phos- retinoblastoma gene product is modulated during the cell cycle and cellular
phorylation. Two recent reports have shown increased activity of _differentiation.Cel/ 55: 1193-1198

f . Cheng JQ, Jhanwar SC, Klein WM, Bell DW, Lee WC, Altomare DA, Nobori T,
CDK4 and/or 6 in OSCC cell lines compared to normal Olopade OlI, Buckler AJ and Testa JR (1994) p16 alterations and deletion

keratinocytes (Patel et al, 1997, Timmermann et al, 1997). It mapping of 9p21-p22 in malignant mesothelioMacer Res 54: 5547-5551
would have been desirable to include such an analysis in thBamin F, Steingrimsdottir H, Warnakulasuriya S, Johnson NW and Tavassoli M
study; however, these functional studies were not feasible with the (1998) Prevalence of human papillomavirus infection in premalignant and

. : . malignant lesions of the oral cavity in U.K. subjects: A novel method of
small amounts of tissue available from our primary tumours. detectionEur J Cancer 34: 191197

In this StUdy absence of CyC“n D1 expression in 6/6 prema“g_Ewen ME, Sluss HK, Sherr CJ, Matsushime H, Kato J and Livingston DM (1993)
nant and 10/13 (77%) OSCC samples was generally accompanied Functional interactions of the retinoblastoma protein with mammalian D-type
by no pl6/MTS1 expression. This suggests that both p16/MTS1 cyclins.Cell 73: 487-497
and cyclin D1 are tightly regulated in WiId-type cells and thatFarreII WE, Simpson DJ, Bicknell JE, Talbot AJ, Bates AS and Clayton RN (1997)

. . Chromosome 9p deletions in invasive and noninvasive nonfunctional pituitary
deregl‘”atlon of one of the components of the G1 checkpomt leads adenomas: the deleted region involves markers outside of the MTS1 and MTS2

to rapid accumulation of other abnormalities. genesCancer Res 57: 2703-2709
Infection with human papillomavirus can result in the down-Fountain Jw, Karayiorgou M, Emstoff MS, Kirkwood JM, Vlock DR, Titus Ernstoff
regulation of pRB by virtue of its interaction with the E7 viral gene L. Bouchard B, Vijayasaradhi S, Houghton AN, Lahti J, Kidd VJ, Housman DE

. : and Dracopoli NC (1992) Homozygous deletions within human chromosome
prOdUCt (LI etal, 1993)' Comparlson of the presence of HPV 16 band 9p21 in melanom&roc Natl Acad Sci USA 89: 10557-10561

(Elam'n etal, 1998_) and pRB protein e).(presspn reyealed that Q;fonzalez—Zqueta M, Bender CM, Yang AS, Nguyen T, Beart RW, Van Tornout JM
the 15 samples which were HPV 16-positive, eight did not express and Jones PA (1995) Methylation of tHeCpG island of the p16/CDKN2
pRB, two expressed only hyperphosphorylated pRB, four tumor suppressor gene in normal and transformed human tissues correlates

expressed only hypophosphorylated pRB and one OSCC sample With gene silencingCancer Res 55: 4531-4535 _
xoressed both hvpo- and hvperohosphorviated bRB. The lack 8]90dr|ch DW and Lee WH (1993) Molecular characterization of the retinoblastoma
exp yp yperphosphory PRB. susceptibility geneBiochim Biophys Acta 1155: 43-61

functional pRB in 10/16 (63%) samples suggests that inactivatiofagemeier C, Caswell R, Hayhurst G, Sinclair J and Kouzarides T (1994)
of pRB by E7 could be a major event in OSCC development. Functional interaction between the HCMV IE2 transactivator and the
In conclusion, we found deregulated expression of some of the retinoblastoma proteiMBO J 13: 2897-2903

. , . : . Hannon GJ, and Beach D (1994) p15INK4B is a potential effector of TGF-beta-
components of the ‘pRB pathway’ to be consistent with the notiof' induced cell cycle arrest [see commensiure 371 257_261

that this pathway IS Important for cell CyCIe control. DeregmatlonHara E, Smith R, Parry D, Tahara H, Stone S and Peters G (1996) Regulation of p16

of pRB by aberrations in several cellular proteins such as (CDKN2) expression and its implications for cell immortalization and

pl6/MTS1 and cyclin D1 and/or viral proteins such as E7 of HPV  senescencadol Cell Biol 16: 859-867

16 can lead to the development of oral cancer. Hunter T and Pines J (1994) Cyclins and cancer. |l: Cyclin D and CDK inhibitors

come of age [see commentSkil 79: 573-582

Jiang W, Kahn SM, Zhou P, Zhang YJ, Cacace AM, Infante AS, Doi S, Santella RM
and Weinstein 1B (1993) Overexpression of cyclin D1 in rat fibroblasts causes
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