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Abstract P16TSI/CDKNL gand the retinoblastoma proteingtroduction
Rb are both involved in negative regulation of G1/S pro-

gression in the mammalian cell cycle._ In_activation of OR%ogression through the mammalian cell cycle is con-
of these tumour suppressor genes is involved in mapyfled by complexes of cyclin-dependent kinases (cdk’s)
malignant tumours, and in some studies a negative COHgq their regulatory subunits, the cyclins. Cyclin-bound

lation of p16 and Rb expression has been found. In orggk's phosphorlyate and modulate important regulatory
to study this interaction in endometrial carcinogenes oteins, including the tumour suppressor protein RB, re-

we investi_gated 36 endometrial ca_rcinomas, 11 case Qéing its suppressive function upon the cell cycle and
hyperplasia, 23 normal endometrial samples, and tYg,ing progression to the S-phase. Cdk’s are negative-
uterine carcinoma cell lines by immunohistochemistry regulated by cdk inhibitors, which include p15, pl6
RT-PCR. Rb was expressed in normal endometrial eigjtg p19, p21, p27, and p5,7 [6]. P16 (MTSl/II’\IK4a5
thelium, hyperplasia, cell lines, and most carcinomgggs and regulates cyclin D/cdk4 or cyclin D/cdk6 com-
negative immunostaining was only detected in 1 of 3gaves the predominant cyclin/cdk’s in mid/late G1
tumours. In contrast, p16 expression was weak in norgghse.

endometrium and increased in most cases of hyperplasiagpservations that the INK4a locus on chromosome
but negative or minimally positive in 74% of the carcingp1 is often deleted or mutated in human malignant tu-
mas and the HeclB adenocarcinoma cell line, and thgfgrs and tumour cell lines [4, 11] implied that p16 in-
was no significant association with Rb immunostainingctjyation might be involved in the development of hu-
Strikingly high pl6 expression was found in foci ohan malignancies. The tumour suppressor function of
squamous metaplasia within hyperplastic or carCinomgrs gene was further emphasized by experiments with
tous tissue. Deletion and mutation analysis of the p&@G knock-out mice, which develop spontaneous tu-
gene was performed in DNA from microdissected tyioyrs at an early age and are highly sensitive to carcino-
mour samples and cell lines. No p16 deletion was foupfesis [20].

and mutations were detected in only one tumour samplep, experimental systems, p16 expression is linked to
and SkutlB uterine mixed mesodermal tumour cells. QHb product of the retinoblastoma susceptibility gene,
data indicate that in spite of low or absent p16 expreseg  py feedback. pRB inactivation leads to increased
sion, genetic alterations of the p16 and Rb tumour sy3g expression, whereas p16 overexpression results in
pressor genes are rare in endometrial carcinogenesis. decreased RB phosphorylation by cdk’s and greater RB

) suppressor activity [21]. As both suppressor genes be-
Key words p16 - Rb - Uterus - Endometrium - MTS1 - |gng to a common pathway regulating the G1/S transi-

Carcinoms tion in the cell cycle [14], down-regulation of p16 and
pRB should have similar effects and inactivation of both
genes in tumours should be redundant. Negative correla-
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Table 1 Results of p16 immu-

nohistochemistrylHC) in par-  Cases n p16 Immunostaining
ffin-embedded end trial
gslsrbgrgeceﬁori endometria Negative Very weak/  Weak Moderate/
’ focal strong
IHC score 0 1-2 3-5 6-12
Normal glandular epithelium 23 14 4 3 2
proliferating 8 6 2 0 0
Secretory 10 7 2 1 0
Irregular 5 1 0 2 2
Hyperplasia 11 2 5 3 1
Carcinoma 35 5 21 6 3

vation is de novo methylation of CpG islands in the regs60-bp frigrg?:nt(Geag\%rg%égzg (;gi ggcgonsd 1%E2g,Ra(rgAthe
i i rimers plo- anda plo- -
(vation n-ovarian carsiomas, 1655 of P16, proioin egECTCCACGEGCAGA) spanming exon 1 and part of exon 2 of
. Lo T p P e pl6 gene. For comparison, cDNAs of the mammary carcinoma
pression was observed mainly in mucinous and endorg&r lines T47D and MDA-MB 231 (purchased from the ATCC)
trioid histological subtypes [15]. This observation led wgth hypermethylation and deletion of the p16 gene, respectively,
to investigate the p16 and Rb status in endometrial capfid of the EFE148 cell line (gift of Dr. Fritz Holzel, Hamburg)

; ; ; ere analysed in the same way.
nomas, which are histologically closely related to the eff In order to investigate the p16 status of the tumour cells, con-

dometrioid ovarian tumours. Rb and p16 protein eXpregmination with stromal cells had to be reduced to minimum. Tu-
sion in normal endometrium, hyperplasia and carcinomaur cell clusters were selected by microdissection, followed by

was studied by immunohistochemistry, followed by deleroteolytic treatment as already described [27]. For controls, non-

tion and mutation analysis of the gene. The results whpgour tissue from the same patients was processed in the same
. . T . way.

correlated with p53 expression and various clinical at¥q; geletion analysis a 101-bp p16 fragment and, as internal

histological variables. For comparison, we investigateentrol, a 125-bp fragment of the GAPDH (glyceraldehyde phos-

two uterine tumour cell lines, the Hec1B adenocarcinghate dehydrogenase) gene were co-amplified in the same reac-

ma cell line and Skut1B cells derived from a mixed m#ans as described [18]. PCR products were separated in 3% agaro-

sodermal tumour se gels. A deletion should be characterized by missing or strong

: reduction of the 101-bp band. As a control, DNA from the mam-

mary carcinoma cell line MDA-MB 231, which harbours a homo-

zygous p16 deletion, was used.

" P16 mutations in exons 1 and 2 were investigated in carcino-

Materials and methods mas and cell lines by SSCP analysis in horizontal MDE gels as de-
scribed elsewhere [15]. In cases showing aberrant band patterns,

We studied paraffin-embedded endometrial tumour tissue fromBGR and SSCP were repeated using nontumour tissue from the

patients (mean age 65.4 years, range 41-87 years) treated asahee patient as a control. For sequence analysis of suggestive

Hamburg University Hospital in the period 1984-1996. Histologéases, silver-stained bands were cut out with sterile scalpel blades,

cally, 31 tumours displayed endometrioid differentiation. In addduted in 0.1 ml distilled water, reamplified and analysed by non-

tion, 3 serous-papillary tumours and 1 undifferentiated carcinom@alioactive sequencing and automatic sequence analysis as de-

were investigated. Six tumours were FIGO stage la, 18 tumowsssibed elsewhere.

stage Ib, 5 cases stage Ic, and 6 tumours, stage II. The association of p16 and Rb expression with different histo-

We also investigated 23 samples of normal functional endonfggical and clinical parameters was evaluated usingiest.

trium and hyperplasia from 11 patients (6 cases of simple hyper-

plasia without atypia, 4 of complex hyperplasia with atypia, 1 of

hyperplasia with secretory transformation). Most of the carcing-

mas had been characterized before with respect to p53 tu g§ults

suppressor gene expression [19]. The uterine tumour cell lines . . . .

Hec1B and Skut1B were purchased from ATCC and cultivatedmgl%e results of p16 immunohistochemistry in normal en-

described elsewhere [2]. dometrium, hyperplasias and carcinomas are shown in

P16 immunohistochemistry (IHC) was performed on paraffirfaple 1. Only nuclear staining was taken into account,

embedded tissue sections with the monoclonal antibody G175- ; i :
(Pharmingen, Hamburg, Germany) as described elsewhere [ ough cytoplasmic p16 staining was observed in most

The nuclear immunoreactivity was evaluated by examination @ the normal or hyperplastic endometrial samples and
staining intensity (0, no nuclear staining; 1, weak staining; 2-@@rcinomas. Nuclear staining for pl6/MTS1 was ob-
intermediate and strong staining intensity), and percentage of posi-
tive tumour cells (0, no positive cells; 1, <10%; 2, 11-50%; 3,
51-80%; 4, >80% positive tumour cells). After multiplication oFig. 1a—b Proliferative endometrium showirggstrong nuclear la-
both values, the IHC results were graded from O (no reactivitybelling for Rb anco moderate staining for p16. x4@)d Simple
tumour cell nuclei) to 12 (more than 80% positive tumour cellsyperplasia witkc strong nuclear staining for Rb addveak cyto-
with strong staining intensity in most of the cells). Expression pfasmic and nuclear staining for p16. x2® Complex hyperpla-
RB was investigated with the monoclonal antibody G3-245 (Phafa with squamous metaplasia showaBb expression in only a
mingen) diluted 1:1000, after microwave pretreatment of the tisfeev metaplastic cells andp16 labelling in most metaplastic, but
sections. few columnar cells. x40, h Endometrial carcinoma with mod-

In order to study the p16 and RB expression in cell linesrate Rb expression ahdnly weak cytoplasmic staining for p16.
cDNA was tested with the primers RBO5/RB06 [24] spanning>0C
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served in only 9 of 23 samples (39%) of normal endmous metaplasia were observed. Strikingly, these cell
metrium, among them 2 of the 8 from the proliferativdusters exhibited strong nuclear and cytoplasmic pl6
phase, 3/10 from the secretory phase and 4 of the 5 sammunoreactivity, whereas the surrounding cells with
ples with irregular proliferation. In addition, 9 of liglandular differentiation were negative or weakly posi-
(82%) cases of endometrial hyperplasia displayed diee (Fig. 1f).
tectable nuclear immunostaining (Fig. 1d). In two of Negative pl16 results or only weak and focal nuclear
these cases and in one carcinoma, focal regions of sataiing were also observed in 26/35 (74%) carcinomas
(Fig. 1h). In some cases, there was marked heterogeneity
between tumour areas with respect to p16 reactivity. Re-
Table 2 Rb immunostaining in paraffin-embedded endometrifluced protein expression was found predominantly in
tissue: endometrioid and highly differentiated carcinomas, but
: — the number of undifferentiated and nonendometrioid tu-
n  RBimmunostaining mours was too low for statistical analysis. There was no
Negative Weak/focal Moderate/ Significant association with tumour stage or p53 status
strong (Table 3).
In contrast to pl6, RB immunohistochemistry re-

Norma endometrium 22 3 8 5 vealed only nuclear reactivity. RB protein expression
Secretory g 9 1 4 4 was observed in 17 of 22 (77%) normal endometrial
Irregular 5 3 2 0 samples, 10 of the 11 (91%) cases of hyperplasia, and 35

Hyperplasia 1 1 5 5 of the 36 (97%) carcinomas (Fig. 1a, c, e, g, Table 2). In

Carcinoma 6 1 8 27 normal endometria, the strongest staining intensity was

found in the proliferating phase, although there were
wide variations between the samples. RB expression in
Table 3 Correlation of pl6 immunoreactivity with clinical andcarcinomas was not associated with histological grade,
histological parameters and expression of the tumour suppresgwasiveness (FIGO stage), or p53 status of the tumours
genes p53 and F 3 (not shown). In addition, there was no inverse correlation
of pl6 and RB expression as reported by others (Table

Group of n pl6 Expression

endometrial carcinomas 3). ) ) )
Negative/ Moderate/ In the uterine carcinoma cell lines, p16 and RB ex-
focal strong pression were studied by RT-PCR. RB mRNA was
Histological type strongly expressed in both cell lines, whereas pl6 ex-
Endfmetrigi% 31 25 (81%) 6(19%) Pression was low in SkutlB and absent in HeclB cells
Nonendometrioid 4 1 (25%) 3(75%) (Fig. 2d, e).
. Analysis of microdissected tumour cells from 34 tu-
Grading - - .
Gl 18 15 (83%) 3 (17%) mours and of the two uterine carcinoma cell lines for p16
G2 12 9 (75%) 3 (25%) gene inactivation failed to detect any homozygous dele-
G3 5 2 (40%) 3 (60%) tion (Fig. 2a). SSCP analysis and subsequent direct se-

Clinical stage guencing of aberrant bands revealed sequence abnormal-

la 6 4 (67%) 2 (33%) ities in 3 cases and one cell line (Table 4, Fig. 2b). In 2
Ib 18 15 (833/0) 3(17;’/0) tumours, the frequent polymorphism in codon 140 lead-
:f g g((ggo//;’)) 32((5"‘80//;’)) ing to substitution of alanine by threonine was found.
_ One case harboured a silent mutation in codon 76 and a
RBNeeéF;rtﬁ/SeS/wgak ° & (89%) 1 11%) heterozygous mutation in codon 82. In 1 tumour, aber-
A b ; o .
Moderate/strong 26 18 (69%) 8 (319%) rant b:_:md patterns in SSCP gels indicated a somatic mu-
_ tation in exon 1, but these bands could not be successful-
P5§|e%x£{563/3g;k 07 20 (74%) 7 (26%) ly reamplified and sequenced. In Skut 1B, two bands
b A 2T P
Moderate/strong 7 5 (71%) 2 (29%) were already visible in agarose gels after amplification

of exon 1 and surrounding sequences (Fig. 2c¢). Sequence
ap53 Expression studies have been published elsewhei 2 [19] analysis of the eluted and reamplified bands revealed a

Table 4 Results of direct se-

quencing in cases with abnor- C2S€ Codon Nucleotide change Amino acid change
mal SSCP band patteins 7 140 gcg-acg ala-thr
49 140 gcg-acg ala-thr
19 76 gac-gat asp-asp
_ 82 ttc-ctc phe-leu
2Nucleotide numbers refer to - gyt 18 5 Untranslated Deletion of 23 bp (nt 76298 No change
the genomic sequence, Gen- region (AGAGCAGGCAGCGGGCGGCGGGEG)

Bank no. U12818
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Discussion

Comparison of normal endometrium, hyperplasia and
endometrial carcinomas indicates that the tumour sup-
pressor gene pRB is expressed in nearly all hyperplastic
and neoplastic endometrial lesions and most normal en-
dometrial tissue samples. For pl16, the results are more
complex. The strongest expression was found in endo-
metrial hyperplasia, whereas most carcinomas exhibited
only weak immunoreactivity in few cells or were pl6
negative.

There is still controversy about the meaning of cyto-
plasmic staining in p16 immunohistochemistry. Geradts
et al. [7] found cytoplasmic p16 reactivity in pl6-nega-
tive cultured cells, suggesting a nonspecific artifact. In
contrast, cytoplasmic pl6 staining was interpreted as a
“resting” status of the protein by Shiozawa et al. [22].
Although the latter possibility cannot be excluded, we
took into account only nuclear staining in our interpreta-
tion of staining results.

Overexpression of tumour suppressor genes might be
one mechanism by which the cell overcomes or reduces
enhanced proliferation. In immortalized fibroblasts, p16

overexpression can induce senescence of the cells [1].
Interestingly, the highest p16 expression in our endome-
trial samples was found in highly differentiated squa-
mous cells within hyperplastic or carcinomatous tissue.
In the same areas, RB expression varied from negative to
strong, indicating that p16 and RB expression are not al-
ways mutually exclusive.

Loss of the cell cycle regulatory pathway leading to
control of G1/S transition by p16 or pRB deletion, muta-
tion or reduced transcription is involved in carcinogene-
sis in various tumour types and might also be involved in
the aetiology of endometrial carcinomas. Indeed, most of
our cases exhibited only focal and weak pl6 immunore-
Fig. 2 a Deletion analysis of the p16 gene by comparative PGtivity or were negative on IHC. In an IHC study on 41
after microdissection of tumor cells, showing the known deleti@hdometrial carcinomas, as many as 66% were negative
in the control cell line, but in none of the tumor samplesi. b ¢4, p16NK4 [22]. The discrepancy between this and our
SSCP analysis of the second fragment of p16 exon 2 after micro- . . : . -
dissection. ‘Additional bands in one tumour (7T) and the cori&sults might derive from different interpretation of weak
sponding normal tissue (7N), and wild-type configuration in saf@¥ focal nuclear immunoreactivity. Our negative p16 re-
ples 9, 11, and 13. * This band was excised and further analysefts in most normal endometrial tissues are in accor-
ﬁgartie(;ﬁr‘:)g"f'(‘i%“g‘(oan”dl dgﬁgt Sequencing (Stgb{fecﬁgf %V”Jg"i)ad nce with those of Shiozawa et al. [22], who, however,
were obtainped with DNA from the Skutf]B ceqll line sﬁggestingvgﬁorted negative nuclear Immunostalnlng_ In hyperplas!a_.
deletion in one alleleD, E Analysis of p16 and Rb expression in 10 S€ek the reasons for the negative immunoreactivi-
Skut1lB and HeclB cells by RT-PCR. For control, the mammaty; we studied p16 deletion and mutations in exons 1 and
carcinoma cell lines MDA-MB 231 (p16 deletion) and T47D (p1§ comprising 93% of the coding sequence of the p16
Egm‘igteelrzE‘gﬂ%?g‘i}?)o}’vsrﬁglsz‘:% as well as the uterine carcinogéhe. In former studies on p16 gene alterations in uterine

carcinomas [8, 25] homozygous deletion was detected in

only 1 of 41 endometrial carcinomas, whereas mutations
wild-type sequence in one allele, and a 23-bp deletionimnexon 2 of the pl16 gene were not found. Our results
the B-uncoding region in the other (Table 4), whicborroborate that deletion or mutation of the gene are rare
abolished one Spl-binding site. Comparative sequencavgnts in endometrial cancer. The reason for the reduced
of Hec1B DNA revealed a wild-type sequence in p16 epd6 expression is therefore still uncertain: hypermethyla-
ons 1 and 2. tion of the gene might be involved in abrogation of this
cell-cycle-inhibitory mechanism.

In contrast to p16 results, pRB expression was detect-
ed in 35 of 36 carcinomas, which is in accordance with
prior reports [13, 17]. Analysis of the retinoblastoma

EFE-
1B 18 D 148

MDA- - M
MB231

RB mRNA

— 560 bp

M - EFE- T47-
148 D 18

Skut- MDA- Hec-
MB231 1B
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gene in endometrical carcinoma cell lines and endome-rant DNA methylation in all common human cancers. Cancer
trial tumour tissue has shown that Rb mutation or Iossﬂﬁf Res 55:4525-4530

- - Hussussian CJ, Struewing JP, Goldstein AM, Higgins PAT, Al-
heterozygosity are rare events in these tumours [26]. 8y's, Sheahan MD, ClarkgWH Jr, Tucker MA, Dgrgcopoli NC

high RB expression in most of the carcinomas could lead (1994) Germline p16 mutations in familial melanoma. Nat
to down-regulation of p16 expression and might be one Genet 8:15-21 .
reason for the weak immunoreactivity with p16/MTS11. Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K,

; ; ; :if_ Tavtigian SV, Szockert E, Day RS, Johnson BE, Skolnick MH
antibodies. Nonetheless, the fact that there is no signifi (1994) A cell cycle regulator potentially involved in genesis of

cant negative correlation of the two suppressor proteinSmany tumor types. Science 264:436—440
suggests that other regulatory pathways may also beiin-Kinoshita I, Dosaka-Akita H, Mishina T, Akie K, Nishi M, Hi-

volved in the regulation of p16 expression in these tu- roumi H, Hommura F, Kawakami Y (1996) Altered B¥8
mours. and retinoblastoma protein status in non-small cell lung can-

In agreement with the results for endometrial tumour o Polential synergistic effect with altered ps3 protein on
. ; . : - proliferative activity. Cancer Res 56:5557-5562

tissue, loss of p16 expression with concomitant high R® Li S-F, Shiozawa T, Nakayama K, Nikaido T, Fujii S (1996)
expression was also found in the endometrial adenocarci-Stepwise abnormality of sex steroid hormone receptors, tumor
noma cell line Hec 1B in the presence of an intact wild- Supporessor gene products (p53 and Rb), and cyclin E in uter-

. ine endometrioid carcinoma. Cancer 77:321-329
type pl6 gene. In contrast, p16 RNA expression WBS | ukas J, Parry D, Aagaard L, Mann DJ, Bartkova J, Strauss M,

found in the uterine mixed mesodermal tumour cell line peters G, Bartek J (1995) Retinoblastoma-protein-dependent
Skut 1B, which harbours a 23-bp deletion leading to loss cell-cycle inhibition by the tumour suppressor pl6. Nature
of one Sp1 site in the promoter region. Although no muta- 375:503-506

; ; : : Milde-Langosch K, Ocon E, Becker G, Léning T (1998)
tion was found in the second allele, this deletion may héHbPlG/MTSl inactivation in ovarian carcinomas: high frequency

contributed to the decreased p16 expression in the cells. of reduced protein expression, associated with hypermethyla-
tion or mutation in endometrioid and mucinous tumors. Int J
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