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Abstract In the present study we investigated the edependent kinase (CDK) complexes (for reviews see [9,
pression of the cell cycle inhibitor p27 in endometri&8]). In mammalian cells, the cyclin D—-CDK4 and cyclin
neoplasia using immunohistochemistry with a p27-spe-CDK2 complexes are active during late G1 phase and
cific antibody. Expression of p27 in endometrial carcinare implicated in G1/S progression. p27 is one member
mas was compared with expression in the normal endb-a group of proteins identified as CDK inhibitors,
metrium throughout the cycle. Normal endometrial celghich cause G1 arrest when overexpressed in transfected
showed strong nuclear expression of p27. Expressimils (reviewed in [28, 29]). CDK inhibitors are classi-
was present throughout the cycle and was stronger digd into two families: the Cip/Kip family members (p21,
ing the secretory phase. We found strongly reducedp@7 and p57) possess the ability to inhibit a variety of
abolished expression of p27 in endometrial carcinomogclin—-CDK complexes and share partial structural simi-
(85.3% of cases). The 41 tumours analysed were claksiity; the Ink4 family members (p15, p16, p18 and p19)
fied according to p27 staining intensity and percentagee CDK4/CDK6-specific inhibitors [28, 29]. p27 (Kipl)
of positive cells into the following categories of p27 exs associated predominantly with cyclin D—CDK4, but
pression: negative/very low (56.0%); low (29.3%); moghows the ability to inhibit a variety of cyclin—-CDK
erate (14.7%) and high (0.0%). All the p27-positive t@omplexes in vitro [21, 22, 32]. It has been suggested
mours were well-differentiated endometrioid carcinomadisat p27 mediates G1 arrest induced by transforming
of malignancy grade G1. Comparison with the p53 stam®wth factor (TGFR), contact inhibition and serum
showed that all tumours with strong p53 expression hdeprivation epithelial cells [21], which indicates that nor-
low/negative p27 staining, while those that were positiveal levels of p27 might be important in controlling cel-
for p27 had negative/low p53 staining. Reduced or dblar proliferation and opposing tumour progression.
sent p27 levels were also observed by Western blot affdlis role is sustained by the recent findings that p27 ex-
ysis both in tumour samples and in HEC-1B endometrfaession is reduced in malignancies of the breast, colon
adenocarcinoma cells. It thus seems that p27 expressind stomach [2, 13, 15, 24, 31]. Decreased or absent p27
is essential for the control of normal endometrial proliéxpression has been implicated as a powerful negative
eration, and reduced or absent p27 expression may b@ragnostic factor in these malignancies. We used immu-
important step in endometrial carcinogenesis. nohistochemistry to investigate expression of p27 in nor-
mal human endometrium throughout the cycle, and also
in endometrial hyperplasia and endometrial carcinomas.
Introduction This study was prompted by the clinical importance of
] ~endometrial cancer and by the unexplained observation
Progression through the cell cycle and cellular prolifergrat p27 knockout in female mice results in endometrial
tion is under the control of a series of cyclins and cyclifyperplasia [5, 17], a frequent precancerous lesion of en-
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For protein preparations, fresh human endometrium and enBdution was performed with 9:1 TBST/blocking solution. Blots
metrial tumours were obtained immediately after surgery amere incubated for 1 h at room temperature, washed for 3x10 min
stored in liquid nitrogen. Each sample was also assessed histoliogiFBST and incubated with the second antibody for 1 h at room
cally. temperature. The second antibody was visualized by enhanced

For immunohistochemistry, surgical specimens that had begremiluminescence (ECL) reagents (Amersham, Braunschweig,
routinely fixed in 4% buffered formalin and embedded in paraffi@ermany) and Fuji RX 400 films.
were used. Tissue samples included normal endometneail (
proliferative phase 12, secretory phase 9) and endometrial carcino-
mas (=41). The tissue material was selected following histologi
cal review from the files of the Department of Gynaecopatholodyesults
University Hospital Eppendorf, Hamburg. All lesions were classi-
fied according to the most recent WHO criteria. Immunohistochemistry was used to investigate expres-

For p27 immunohistochemistry, serial sections 4—6 pm thi@gn of p27 protein in normal human endometrium and

were cut from the paraffin blocks and mounted on APES-coat - - .
slides, deparaffinized in xylene and rehydrated in graded alcoRfidometrial carcinomas. Every sample was assessed in-

to tris-buffered saline TBS: 50 mM Tris, 150 mM NaCl, pH 7.4dependently by two pathologists and given a score re-
The slides were microwaved for 5x2 min in 10 mM citratdlecting both the intensity of p27 staining and the per-
pH 6.0. After cooling for 20 min, the slides were washed in TB%entage of cells stained. The maximum score using this

blocked for 30 min at room temperature with normal goat ser ; 0 : .
(Dako, Glostrup, Denmark), diluted 1:20 in TBS and incubatlie“‘ié}Stem is 12 (over 80% of the cells showing strong stain

with p27 mouse monoclonal antibody (Novocastra Laboratoriég9)- ) )
Newcastle-upon-Tyne, UK) at a dilution of 1: 150 in TBS for 24 h. In the normal human endometrium, p27 expression
Nonimmune murine serum (Dako) at the same dilution was usggels observed throughout the menstrual cycle, that is to

for negative control. Slides were then reacted with biotin-labell ; ; ; ; _
anti-mouse IgG and incubated with preformed avidin-biotin-pegr(-‘;jlly in both the proliferative phase (Fig. 1a) and the se

oxidase complex (Vector Laboratories, Burlingame, Calif.). DiIetory phase (Fig. 1b). The 21 samples analysed includ-
aminobenzidine (DAB) substrate was then added. Sections weeknone in the negative/very low (0—3) score category for
counterstained with haematoxylin, dehydrated and mounted. p27 expression. Of the proliferative phase samples

For p53 immunohistochemistry, deparaffinized tissue sectio, =12), 66.7% showed strong p27 expression (score

were washed in phosphate-buffered saline and preincubated, | - .
0.5% blocking serum for 20 min. The slides were incubated ov rTr}LZ)' while 33.3% had a score of 4-6. Expression was

night at 4°C using the mouse monoclonal p53 antibody Ab-6 (C8ven stronger in the secretory phase, 88.9% of these

cogene Science, Dianova, Hamburg, Germany) diluted at 1:15Gamples having a high level of expression (scores of
1% bovine serum albumin (Sigma, Deisenhofen, Germany). Far12).

detection, biotinylated rabbit anti-mouse secondary antibody : ; :
(1:100; Amersham, Braunschweig, Germany) and streptavidineﬁ-/'\ series of 41 endometrial carcinomas was analysed
i

kaline phosphatase conjugate (1:1000; Gibco-BRL, Eggenstdi able 1). _Reduced or absent p27 Ste_lining (score catego-
Germany) were used, each applied for 1 h at 37°C. After coldies negative/very low and low combined) was observed
development with NBT/BCIP 8NBT: 0.3 mg/ml; BCIP:in 35 (85.3%) of the 41 tumours (Table 1, Fig. 1c). Ta-

0.2 mg/ml; Gibco-BRL, Eggenstein, Germany) for 15 min in t ; ; ; ;
dark, the slides were mounted in glycerin gelatin without count I—e 2 presents data on grading, invasiveness, histology

T ’ )

staining. Using this method, 35 carcinoma samples had been gfad P53 status of the tumours analysed. For this analysis,

viously analysed for p53 expression [26]. the tumours were been divided into two categories, one
Histological and immunohistochemical evaluation were peywith low p27 expression (score 0-6) and one with mod-

formed independently by two pathologists. Every tumour was ?é??te/high p27 expression (score 7-12). It is interesting

sessed and given a score, obtained by multiplying the intensity, -
the staining (no staining=0; low level=1; medium stainingzig observe that the p27-positive tumours were all well-

strong staining=3) by the percentage of cells stained (0%=0; undifferentiated endometrioid carcinomas of malignancy

10%=1; 10-50%=2; 51-80%=3; over 80%=4). With this systemrade G1 (Table 2). There was no observable trend to-
”:e. ”_“ax)'m”m score is 12 (over 80% of the cells showing strogrd low p27 expression with invasion depth and/or high

staining). .

For Western blot analysis, frozen tissue was minced and cgjggmg (Table 2). The p53 status of these_tumours was
were lysed in ice-cold sample buffer b1 (50 mM Tris pH 6.8, 184S0 analysed (35 cases as part of a previous Stley fo-
SDS, and 10% sucrose). Protein concentration was determineddolsed on p53 expression; see [26]). Comparison with the
lowing standard protocols and using BSA protein standards di\lﬁgg expression levels in these tumors showed that all

ed with sample buffer b1l. Samples were diluted with a 1:1 mixt ; ; ;
of sample buffer b1 and b2 (containing 50 mM Tris pH 6.8, 3 se with strong p53 expression had low/negative p27

SDS, 10% sucrose, 10@smercaptoethanol, and 0.01% bromphe3t@ining, while those that were positive for p27 had nega-
nol blue) to give a final volume of 100 pl and a final protein coiive/low p53 staining (Table 2).

centration of 300 pg/ml. For electrophoresis, an equal amount of

protein (40 pg) of each sample was loaded in each well. Electro-

phoresis was performed in a 10% polyacrylamide separating gghle 1 p27 Staining intensity scores of the tumours ana’;sed
and a 3% stacking gel. Proteins were transferred to a polyvinylid-

ene difluoride (PVDF) membrane (Immobilon P, Millipore, Eschs27 staining No. of tumours (total 41)
born, Germany). Membranes were stained with Ponceau S to de-

termine transfer efficiency and homogeneity of protein lanes. Afitensity score n %

ter destaining with TBS (20 mM Tris/HCI, pH 7.6, 137 mM NacCl

for 5 min, membranes were incubated overnight at 4°C in blocky_ ; 0

ing solution (0.1 M maleic acid, pH 7.5, 0.15 M NaCl, 0.005% thiﬁ’_g gt‘gv%;“t'velvery low) 23 poang
merosal, and 1% blocking reagent; Boehringer Mannheim, Get- g (Moderate) 6 14.7%
many). The membranes were washed for 10 min_in TBST (TBg_12 (High) 0 0.0%

plus 0.05% Tween 20) and incubated with anti-p27 mouse mono-
clonal antibody (Novocastra Laboratories) in a dilution of 1:400




Fig. 1a—c Immunohistochemi-
cal detection of p27 in normal
endometrium and endometrial
carcinomasa, b Normal endo-
metrium:a proliferative phase
andb secretory phase, showing
strong nuclear staining for p27.

¢ Endometrial adenocarcinoma,

showing very low/absent ex-
pression of p27; this tumour
had a score of 2. (x4C3
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Table 2 Expression of p27 in

endometria| Carcinomas — cor- Parameter Score 0—6 Score 7-12 )
relation with grading, invasive- (very low and low) (moderate and high)
ness, histological type and p53
protein expressic: n % n %
1. Grading = 41)
Gl (nh=21) 15 71.4% 6 28.6%
G2 (h=15) 15 100.0% 0 0.0%
G3 (n=5) 5 100.0% 0 0.0%
2. Invasiveness (n = 41)
FIGO la = 8) 7 87.5% 1 12.5%
FIGO Ib (h=21) 18 85.7% 3 14.3%
FIGO Ic (h = 6) 5 83.3% 1 16.7%
FIGO Il (n=6) 5 83.3% 1 16.7%
3. Histology 6 = 41)
Endometrioid, G1r{ = 21) 15 71.4% 6 28.6%
Endometrioid, G2 + G3E16) 15 93.8% 1 6.2%
Nonendometrioid, G3n(= 4) 4 100.0% 0 0.0%
4. p53 Statusn(= 41)
Negative ( = 16) 14 87.5% 2 12.5%
Very low/low (n=18) 13 72.2% 4 27.7%
Moderate/hight=7) 7 100.0% 0 0.0%
NI N2T1 T2 T3 T4 T5 T6 H § sion of p27, indicating that loss of p27 expression plays
: an important part in the pathogenesis of endometrial car-
27kDa —— | - — ., - cinoma. The p27-positive tumours were all well-differ-
entiated endometrioid carcinomas of malignancy grade

_ _ _ _ G1, which indicates that a certain level of p27 expression
Fig. 2 Western blot analysis. Strong expression of p27 in normgjight still be protective. However, in most (71.4%) of

endometrial sampledN@, N2) reduced or absent expression in t ;
mour samplesT1-T8; abolished p27 expression in HEC-1B erL1Jt-‘he G1 tumours p27 expression was already low/absent,

dometrial adenomacarcinoma cells) (and strong p27 signal in Which suggests that loss of p27 expression is probably an
SKUT-1B mixed mesodermal tumour cel®.(An equal amount early event in the development of endometrial carcino-

of protein (40 pg/well) was loaded for each sariple ma. Comparison with p53 expression levels revealed that
tumours with strong p53 expression had low/absent p27
Western blot analysis using the p27 antibody used &iaining. An interesting observation in this context is that
immunohistochemistry was performed on two normpb3 alterations (indicated by strong expression and/or
and six tumor samples for which fresh-frozen materiautations) have more frequently been associated with
could be obtained. The results are presented in Fignmalignancy grade G3 and/or with nonendometrioid (se-
This analysis confirms strong p27 expression in the nosus—papillary) histology in previous studies [26]. In our
mal endometrium (samples N1 and N2) and abolishedstudy, G3 tumours (both endometrioid and nonendome-
reduced expression in tumours (samples T1-T6) (Fig. @joid) showed low/absent p27 expression in addition to
In addition, two tumour cell lines were analysed: thEb3 alterations, indicating that both loss of p27 expres-
HEC-1B endometrial adenocarcinoma cell line, which $son and p53 alterations may be implicated in progres-
of epithelial origin and was negative for p27, and tlson to G3 or the development of a more aggressive non-
SKUT-1B mixed mesodermal tumour cell line, whiclendometrioid (serous—papillary) histology.
showed strong p27 expression (Fig. 2). Western blot analysis using the same monoclonal an-
tibody as had been used for immunohistochemistry
showed that this antibody specifically recognizes a single
Discussion band of 27 kDa molecular weight in normal endometri-
um, which we used as a positive control (Fig. 2). Com-
In this study we used immunohistochemistry with a spgared with the p27 expression in the normal endometri-
cific monoclonal antibody to investigate expression oin samples, in the tumour samples analysed p27 expres-
the cell cycle inhibitor p27 in the normal human endgion was low or absent (Fig. 2). Analysis of p27 protein
metrium throughout the cycle, in endometrial hyperpléevels in two uterine tumour cell lines with different ori-
sia and in endometrial carcinomas. Our data show thats, the HEC-1B endometrial adenocarcinoma cell line,
p27 is expressed in nuclei of normal endometrial celiich is p27 negative, and the SKUT-1B mixed meso-
throughout the menstrual cycle, and that expressiondeymal tumour cell line, which is p27 positive, indicates
higher during the secretory phase. Of the 41 tumotinsit abolished p27 expression might be an important spe-
analysed, 85.3% revealed diminished or absent exprefie step in the pathogenesis of adenocarcinoma.
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There is increasing evidence that the molecules mema, thus confirming the possibility of an important
volved in cell cycle control are also involved in oncogemele for p27 in the pathogenesis of endometrial neopla-
esis. One example is cyclin D1, which has been showrsta. Therefore, at this point p27 seems to be a key mole-
be amplified in a subset of human cancers, including ntae in processes regulating normal tissue growth and a
lignancies of the breast, ovary and endometrium [4, 7 r8duction of its level to be a critical step in tumour devel-
18, 30]. Since they regulate cyclin~CDK complex activopment. The importance of p27 in regulating normal
ty, CDK inhibitors are potential tumour suppressors, apoliferation processes and its reduction in pathologic
loss of their expression is possibly an important stepproliferative processes make it an interesting target for
promoting tumour growth. Several mechanisms of inactiterapy of such states.
vation have been described for CDK inhibitors, one of
which is mutation and/or deletion in the humzitipl16
locus. These are frequently found in human malignancReferences
[3, 12, 14, 25, 27, 33]. However, this mechanism does .
not seem to play a part in loss of p27 expression; despﬂteﬁlﬁ’grr]'cshl_':’c'\g%ﬁ;‘;‘;ﬂﬁnKTo’?f’ Eaﬂgu'\k‘)’r]eDrr“KCchrb(\:/grg,z/fsgiml_"
an extensive search for molecular aberrations, no signifi- gano A (1995) Chromosomal mapping of members of the cdc2
cant alterations of thp27 gene have been reported [1, family of protein kinases, cdk3, cdk6, PISSLRE, and PIT-
10, 16, 20, 23]. One mechanism involved in controlling ALRE, and a cdk inhibitor, p27/Kip1, to regions involved in

: : ; human cancer. Cancer Res 55:1199-1205
p27 levels is the degradation of p27 protein by th%. Catzavelos C, Bhattacharya N, Ung YC, Wilson JA, Roncari

L_Jblqu!tln—proteasqme pathway [19]. Compared with pro-" | "sandhu C, Shaw P, Yeger H, Morava-Protzner |, Kapusta L,
liferating cells, quiescent cells have been shown to haveFranssen E, Pritchard KI, Slingerland JM (1997) Decreased
a smaller amount of p27 ubiquitinating activity, which levels of the cell-cycle inhibitor p27/KIP1 protein: prognostic
results in a marked extension of p27 half-life in thes implications in primary breast cancer. Nat Med 3:227-230

- . : . Chan FKM, Zhang J, Cheng L, Shapiro DN, Winoto A (1995)
cells [19]. Furthermore, colonic carcinomas with low OF" |jentification of human and mouse p19, a novel CDK4 and

absent p27 have been shown to possess enhanced protegbké inhibitor with homology to p1&4. Mol Cell Biol
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