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Introduction

Cancer genesis and progression involve numerous
factor interactions with the final result being activation of
proto-oncogenes and/or inactivation of tumor suppressor
genes. The multiple tumor suppressor gene 1 (MTS1),
locus on the 9p21 chromosome band, has three exons
which encode the p16 protein, whose molecular weight is
15,845 kD. 

Since its discovery in 1994, its tumor inhibiting action
has been widely proved in several malignant tumors
including the ovary, brain, lung, bladder and skin malig-
nancies [1]. In China and abroad, little has been done to
investigate its relationship with endometrial carcinoma,
the leading female genital tract malignancy in Western
developed countries [1], the second in China after cervi-
cal cancer, and unlike in Cameroon, a disease still
increasing throughout the whole world.

The cells of adenocarcinoma of the endometrium are
mostly well differentiated, with a relatively low malig-
nant degree compared to other gynecological cancers. It
therefore shows a slower clinical pattern, revealing rela-
tively obvious tumor suppressing factor potential, making
this disease a strong candidate for evaluation. 

Some studies have reported that malignancies that
express a normal (wild type) Rb gene product are likely
not to express the p16 gene product and vice versa, but
this has never been done before with regard to endome-
trial cancer. This inverse correlation in protein expression
between the Rb and p16 gene product is important in
view of the known function of the p16 protein as an

inhibitor of cyclin-dependent-kinase4 (CDK4)-mediated
phosphorylation of pRb [2].

To investigate the relationship between p16 and Rb
gene product expression and endometrial carcinoma, we
examined 49 paraffin-embedded tissue sections, includ-
ing 27 endometrial cancers, seven endometrial polyps
and 15 normal endometriums. The polymerase chain
reaction (PCR) technique was further used in five p16
protein expression immunohistochemically negative ade-
nocarcinomas for exon 1 status to assess the bio-molecu-
lar mechanism of loss of expression. 

Material and Method 

Tissues

Twenty-seven surgically resected endometrial carcinoma
specimens were fixed in 10% formalin, routinely processed and
paraffin embedded. They were randomly selected from patients
who underwent total hysterectomy between 1990 and 1997.
Seven endometrial carcinoma specimens, 15 normal endome-
triums and seven polyp specimens were obtained from the first
Teaching Hospital, two endometrial cancer specimens were
from the second Teaching Hospital of Hubei Medical Univer-
sity, 14 cancer specimens were from the Cancer Hospital of
Hubei Province and the remaining four cancer specimens were
from the Xiehe Teaching Hospital of Wuhan. All were primary
adenocarcinomas with no radiotherapy or chemotherapy prior
to surgery, including 21 adenocarcinomas, 2 mucinous carcino-
mas, one papillary serous adenocarcinoma, two adenoacan-
thomas and one adenosquamous carcinoma. Tumor grade
according to FIGO standard showed seven grade 1, 15 grade 2
and five grade 3.

Fifteen normal endometrial tissues (10 proliferative and 5
secretory phase) and endometrial polyp tissues (7) were also
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to each slide followed by incubation for 10 min at room tem-
perature.

8) Step 4 repeated. 
9) 50 μl of biotinylated second antibody (reagent C) was

added to each sample with incubation for 10 min at room tem-
perature. 

10) Step 4 repeated. 
11) 50 μl of streptavidin-peroxidase (reagent D) was added to

all the samples followed by incubation for 10 min at room tem-
perature. 

12) Step 4 repeated.
13) 100 μl of newly made up DAB solution was dropped on

each sample and then kept out of light at room temperature, and
further washed 10 min later with water for 5 min. The sections
were then counterstained with hematoxylin, washed again with
water and mounted with a cover slip. 

Positive staining criteria

p16 positive staining was cytoplasmic or nuclear dark yellow
coloration. We counted 200 malignant cells and reactivity was
graded as follows: negative if less than 10% were stained.

+ if 10~30% were stained
++ if 30~50% were stained
+++ if > 50% were stained.
pRb tumors were scored as pRb negative if all malig-

nant cells had no nuclear dark yellow staining and pRb
positive if any malignant cells had nuclear staining.

Nucleic acid analysis

DNA was extracted from deparaffinized p16 protein expres-
sion negative endometrial carcinoma samples, and in one
pRb+/p16+ grade 1 adenocarcinoma and three normal endometri-
ums as a control, to perform exon 1 status assessment. PCR was
performed using 5 μl of DNA in a 50 μl volume of 10X Taggene.
Amp PCR buffer 8 μl, 25 pmol of sense and 25 pmol antisens
primer, 10m MOL/L dTNP 1μ of ampli Taq DNA polymerase
and 2.5 μl DMSO. Then an amplification condition included an
initial cycle of 5 min at 94°C, followed by 35 cycles of 30 sec at
94°C for denaturation, 55°C x 30 sec (annealing T°C) 30 sec at
72°C and final extension at 72°C 3 min for incubation. 

PCR products (10 μl) and the above buffer solution were
mixed and loaded onto 1.5% agarose gel for electrophoresis
(80V), and visualized by ethidium bromide staining. Visible
absence of a signal at the 340 bp site was interpreted as an Exon
1 homoxygous deletion. 

Statistics

The association between loss of p16 or pRb and categorical
variables were analyzed by the chi-square test or Fishers exact
test as appropriate. The significant level chosen was p < 0.05,
and all tests were two-sided. All immunohistochemical studies
and PCR procedures were done without knowledge of the clin-
ical data. 

Results

p16 protein expression in benign and malignant
endometrial sections 

Immunohistochemical analysis of p16 expression
showed that all the 15 normal endometrial samples had
high p16 expressions, no p16 protein was detectable in

included, the former exclusively for p16 protein expression
analysis. Those tissues also went through 10% formalin fixa-
tion, routine processing and were paraffin embedded. 

The youngest patient was 41 years old and the oldest 71, with
the mean age being 55, 53 ± 2.98.

Materials 

Immunohistochemistry: Rabbit polyclonal anti-human p16
antibody (ref. RAB-0233) and rabbit anti-polyclone retinoblas-
toma antibody (ref. RAB-0186) were purchased from Fuzhou
Maxim Biotech Inc. (Fuzhou, China) as was the large spectrum
immunostain sp kit, including: 

A: endogenous peroxidase blocking solution 
B: normal (10%) non-immune serum
C: biotin-conjugated second antibody 
D: streptavidin-peroxidase
The detection reaction also used the diamino-benzidine

(DAB) kit and positive control slides (Fuzhou Maxim Biotech
Inc’s). 

Polymerase chain reaction
– SMMC (liver cancer cell line) as a negative control 
– LD2 (normal liver cell line)
– Esherichia coli p16 recombinant plasmid DNA
10 x PCR amplification buffer (Promega Co.)
dNTP (HUA MEI Co., Shanghaï)
6 PCR DNA Markers (Sabc, China) maker size 1543, 994,

695, 515, 377 and 237, respectively. 
Gene Amp PCR system 1109 (Beijing New tech application

research institute)
TGL-168 centrifugator (Shanghaï ANHAO Co.) 
DYW for electrophoreses 
ZF-1 UV reflect and transmit analyze (Shanghaï Guang Elec-

tronic Apparatus Factory) 
Exon I (as described by Kamb et al.) 
S1 (Sense) 5’ GAAGAAAGAGGAGGGGCTG3’
AS1 (antisense) 5’ GCGCTACCTTATTCCAATTC3’

Immunohistochemical labeling for p16 and PRB proteins 

1) All slides were submerged in basic and acidic media,
respectively, for 24 hours, washed and put up to dry for 60 min
at 60°C, and later on coated poly-L-lysine solution (10%),
further dried again at 60°C for an hour.

2) Tissue sections fixed in 10% formaldehyde solution and
embedded in paraffin were cut at 5 μm, placed on the above-
mentioned slides, deparaffinized in graded alcohol, and then
washed three times with phosphate buffered saline (PBS,
pH7.4) at room temperature for 4 min. 

3) After incubation with normal rabbit serum (37°C/10 min)
to block non specific binding, the p16 group reacted with the
p16 antiserum at a 1:1200 dilution or with control immunoglob-
ulin at 4°C overnight but there was no antigen retrieval, whereas
Rb protein in which antigen retrieval was done through a
microwave unmasking step (10~20 min in 0.01M citrate buffer,
pH 6.0) method, reacted with Rb protein antibody at 1 mg/ml
for one hour. Negative control slides were treated with non-spe-
cific rabbit IgG1 at equivalent conditions. 

4) Sections washed with PBS (pH, 7.4) three times at room
temperature for 4 min each time.  

5) 50 μl of endogenous peroxidase blocking solution was
added to each slide (reagent A) to deactivate endogenous perox-
idase, and then left to incubate for 10 min at room temperature. 

6) Step 4 repeated.
7) 50 μl of normal non-immune serum (reagent B) was added
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Additionally, 57% (12/21) of p16 positive endometrial
cancer sections had undetectable pRb protein; 19% (4/21)
had lost both; 14% Rb positive had no p16 protein
expression and in 9% (2/21) both could be identified.
Fifteen cases (71.43%) showed an inverse correlation and
this rate was statistically significant when compared to
p16+/pRb+ and p16-/pRb (p < 0.05). This difference was
not related to tumor grade or histological type (Table 5). 

Exon 1 analysis

We chose five adenocarcinomas with no p16 staining
and two p16 positive. The p16 negative group included
two grade 2 and three grade 3 with one pRb positive
mucinous adenocarcinoma. The p16 positive adenocarci-
noma sample which was also pRb positive was grade 1.
Four lacked exon 1 amplification and were all p16 nega-
tive, one grade 2 and three grade 3, including the pRb
positive specimens. The fifth p16 negative sample, the
only p16 positive adenocarcinoma, and all the three
normal endometriums showed an electrophoresis band at
the 340 bp site. 

Discussion

Lack of p16 protein expression has already been shown
to be a common event in a variety of human malignant
tumors [3]. However since Takafumi et al. [4], using a
PCR method for endometrial carcinoma allelotype analy-
sis discovered that the chromosome band 9p21, locus of
the p16 gene (also known as multiple tumor suppressor,
MTS1, or CDKN2), was frequently involved, little has
been done for the assessment of the role played by this
gene in the pathogenesis of this frequent malignancy, and
so far there is no known study of the p16 and pRb protein
relationship in that process. 

Recent analyses of mammalian cell-cycle machinery
have implicated several key regulators, prominent among

the seven endometrial polyps, and 74.04 (20/27) of
cancers were positively stained. This decrease was statis-
tically significant when compared to normal endometrium
(p = 0.033) (Table 1). There was no correlation with
patient or paraffin blockage. 

Protein expression and tumor grade

The relation between tumor grade and  p16 protein
expression was examined. As can be seen in Tables 2 and
3, the incidence of its expression was greater in high-
grade tumors and appeared to decrease with worsening of
tumor grade; 85.74% (6/7) and 86.66% (13/15) grade 1
and grade 2, respectively, showed p16 staining. Neither
were statistically different from control samples but 20%
(1/5) of grade 3 endometrial carcinomas were positively
stained, and this decrease was significant not only when
compared to the normal control, but also to grade 1 and
grade 2, taken individually or together (Tables 2 and 3)
(p = 0.0089). 

Immunohistochemical detection of the Rb protein in
endometrial carcinoma, and the correlation with p16
status

No Rb protein expression was detected in the normal
control group, whereas five out of 21 malignant sections
showed pRb positive nuclear staining (Table 4).
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Table 1. — Immunohistochemical analysis of p16 protein
expression in benign and malignant lesions of the endometrium. 

Histological type n p16 protein p

No. of positive cases %

Normal endometrium 15 15 100 –
Endometrial polyp 7 0 0 *
Endometriod adenocarcinoma 24 17 71 0.030
Adenocarcinoma 21 15
Mucinous carcinoma 2 1
Papillary serous adenocarcinoma 1 1
Adenoacanthoma 2 2 100 NS
Squamous cell carcinoma 1 1 100 NS
Total 49 35 71.42
PS: NS: non significant.

Table 4. — Immunohistochemical analysis of Rb protein
expression in normal endometrium and endometrial carcinoma. 

Histological type n p16 protein p

No. of positive cases %

Normal endometrium 15 0 0 –
Endometrial carcinoma 21 5 23.8 NS
Adenocarcinoma 19 5
Adenoacanthoma 1 0
Squamous cell carcinoma 1 0
Total 26 5 19.23
PS: NS: non significant.

Table 2. — Tumor grade and p16 protein expression. 

Tumor grade n p16 protein p

No. of positive cases %

1 7 6 85.71 NS
2 15 13 86.66 NS
3 5 1 20.00 < 0.001
Total 27 20 74.07

Table 3. — Tumor grade and p16 protein expression. 

Tumor grade n p16 protein p

No. of positive cases %

1 and 2 22 19 86.36 –
3 5 1 20.00 0.0089
Total 27 20 74.07
PS: NS: non significant.

Table 5. — p16 and pRb protein expression correlation in
endometrial carcinoma. 

p16 protein Rb protein Total Inverse correlation X2 p

+ – rate %

+ 2 12 14 71.42 4.27 < 0.05
– 3 4 7
Total 5 16 21
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them are cyclin and cyclin-dependent kinases (CDKs),
whose sequential activation and deactivation regulate the
cell cycle. It is believed that cyclin D, through association
with CDK4 or CDK6, activates the cell cycle, especially
in the mid/late G1 phase, most likely via intimate inter-
play with the retino-blastoma protein, stimulating cell
cycle progression from the G1 to S phase. These kinases
are in turn negatively regulated by several inhibitory
polypeptides which include the p16 protein [5]. 

p16 protein expression and endometrial carcinoma

Our study illustrates the relationship between p16
protein expression and some clinicopathological charac-
teristics. It appears that there is a significant loss of
detectable p16 protein expression in the process of this
malignancy. This decrease is higher with poor differenti-

ation, especially with tumor grade 3, thus one interpreta-
tion of those data is that loss of CDN2 expression may be
important in the pathogenesis of this cancer. 

The role of histological types could not be properly
apprehended because of the limited number of adenoa-
canthoma and adenosquamous carcinoma samples (2 and
1, respectively) although adenocarcinoma p16 protein
expression was significantly lower compared to normal
endometrium (Table 1).

These results are similar to those of a recent study by
Xumiao et al. [6]. They immunohistochemically ana-
lyzed 50 cases of endometrial cancer of which 48% were
positively stained for p16 protein, while 100% of control
tissues were stained. This decrease not only was present
with worse tumor grade but was also associated with
advanced surgical stage and poorer prognosis. They con-
cluded that loss of p16 protein expression was rather a

Figure 1. — Adenocarcinoma of the endometrium (tumor grade 2, p16 +++ staining x 10).
Figure 2. — Adenocarcinoma of the endometrium (tumor grade 2, p16 +++ x 100).
Figure 3. — Mucinous carcinoma of the endometrium (tumor grade 3, p16 - x 10).
Figure 4. — Adenocarcinoma of the endometriun (tumor grade 1, pRb + 100).
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late event in its pathogenesis. Due to fewer data for con-
vincing staging, we could not confirm this assertion. 

Four mechanisms are currently viewed as the cause of
loss of p16 protein expression: MTS1 deletion, point
mutation, CPG island methylation and down regulation. 

CDKN2 deletion, the commonest mechanism, includes
hetero and homozygous deletion. It has been widely
proven in other malignancies [6-12] but due to fewer
reports, there is a great variation of data as far as endome-
trial carcinoma is concerned [13]. Hatta et al. [13] using
the Southern blotting procedure analyzed 15 cases but no
single deletion could be detected. Another study by
Peiffer et al. [14] using the same technique found an
8.8% (31/32) deletion. 

In China, Shao et al. [15], using a polymerase chain
reaction method, reported that 18.8% had homozygous
deletion, four were adenocarcinomas, one adenosqua-
mous carcinoma (all five being grade 3), and one grade 2
clear cell carcinoma. No grade 1 or benign tissue had a
deletion. As in our study the four cases showing exon 1
deletion were grade 2 and 3: three adenocarcinomas and
one mucinous carcinoma. The grade 1 p16 protein posi-
tive adenocarcinoma used as an internal control and
normal endometrium showed normal exon 1 amplifica-
tion. 

These results show that CDKN2 deletion invariably
affects different histological types. It was impossible to
evaluate its relationship with surgical stage and progno-
sis due to lack of reliable data. Those important factors
need to be focused on by further research, nevertheless,
the fact is that MTS1 deletion, precisely Exon1 deletion
in our case, is a cause of loss of P16 protein expression
in endometrial cancer. 

CDKN2 point mutation is also a regular feature in
several human malignancies [3, 16], exon 1 and 2 being
the mostly affected [17]. 

Mori et al. [18], using the PCR-SSCP procedure for

exon 2 DNA sequence analysis reported that nearly half
of esophageal squamous cell carcinomas (14/27) showed
CDKN2 somatic mutation, among them, eight were
frameshift mutations due to 1- 2- or 5-base pairs, and six
were missence mutations involving various types of
nucleotides. For example, a missence mutation with a
GAC to AAC shift led to aspartic acid substituting for
asparagine at codon 66, or deletion of one base pair at
codon 97(GTGGACGTG to GTGACGTG); GCG to
ACG missense mutation at codon 60 resulted in a change
from alanine to thyrosine, etc. 

Nagakawa et al. [19] using the same method analyzed
54 non small hung cancer (NSCLC) samples. Point muta-
tion rate was 7% all in exon 2, characterized by G:C to
T:A transversion on the coding strand. No mutation was
found in tumor samples from patients with Stage I or II,
compared to three of 23 (13%) tumor samples from Stage
III and IV patients, and there was also no mutation in 28
primary tumors compared to 15 (20%) tumors from
metastatic lesions. Two patients with no mutation in their
primary tumor showed CDKN2 point mutations in
metastatic lesions. 

Subquesent DNA sequence analysis [14] of 34
endometrial carcinoma samples showed two point muta-
tions. This mechanism is therefore believed to be a dis-
tinct pathway in loss of p16 protein expression. 

De novo methylation of promoter region CpG islands,
an area rich in CpG dinucleotides, has been increasingly
associated with transcriptional inactivation of important
genes in neoplasia [20, 21], including CDKN2 and it is
as a matter of fact the only known CDKN2 aberration in
colorectal cancer [22]. These CpG isands normally lack
DNA methylation regardless of the expression status of
the gene [23]. Promoter methylation when present is
usually associated with irreversible inhibition of gene
transcription [24] leading to transcription block of full
length p16.

Figure 5. — p16 gene exon 1 deletion, absence of signal at 340 bp (1.5% agarose gel for electrophoresis, ethidium bromide staining).
1: PCR MARKER; 2-5: p16 negative endometrial adenocarcinoma; 6-9: normal endometrium; 10: p16 positive adenocarcinoma of
the endometrial; 11: SMMC (negative control); 12: DNA (positive control).
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Decreased expression with no deletion, mutation or de
novo methylation has recently been put forward [25] and
is believed to be caused by down regulation by CDK4
gene amplification leading to relative decrease of p16
protein.

p16 protein expression and endometrial polyps

Our research showed total lack of p16 expression in all
the seven endometrial polyp samples. The etiology of this
pathology is unknown and its malignancy rate is 0.5 to
3.7% [26]. Epidemiologic analysis has shown that the
probability of a patient with an endometrial polyp to con-
tract endometrial carcinoma is twice the general popula-
tion rate [27]. Endometrial polyps consist of projection of
endometrial glands and stroma into the uterine cavity;
80% are inactive, not responding to circulatory hor-
mones. Such polyps do not undergo cyclic changes, and
they show fibrosis of the stroma and blood vessels
leading to slow and chronic degeneration. They are
askew, appear inactive and often cystically dilated as
were most of our samples, with mitoses lacking [26]. 

This study was conducted on seven mostly inactive
polyps. These are too few for any convincing conclusion,
but whether lack of p16 protein expression is due to
chronic degeneration of non functional endometrial cells
remains to be fully investigated since they can not all
have premalignant behavior, knowing the low malig-
nancy rate of those lesions. 

p16 and pRB protein correlation in endometrial
carcinoma

The Rb gene, the first discovered tumor suppressor
gene, is assigned to chromosome band 13q 11, and it
encodes three nuclear phosphoproteins: the retinoblas-
toma tumor suppressor protein pRB and related p107 and
p130. Most of the growth suppressive properties of pRb
are mediated through interaction and modulation of the
activity of transcription factors involved in cell cycle pro-
gression and cell differenciation [28]. Alteration of the
Rb gene can lead to uncontrolled cell proliferation and
malignancy.  

In our study, the pRb protein immunohistochemical
detection rate was 23% and there was no statistical dif-
ference with the control group (Table 5). This conclusion
is similar to Ambros et al’s [29], but due to the limited
number of studies concerning pRb protein expression and
endometrial carcinoma, the role of the Rb gene in its
pathogenesis remains to be established. 

Of the sections 71.42% showed an inverse correlation
between p16 and pRb expression with a statistical signif-
icance, but were not related to tumor grade or histologi-
cal type. This finding of the p16 and Rb gene alteration
in a mutually exclusive way in endometrial carcinoma
suggests that the gene products do interact. Therefore it
shows strong evidence for the existence of a common
pathway which includes both of these cell cycle regula-
tors. 

To investigate the mechanism of negative p16 expression
and its link with this inverse correlation, Shapiro et al. [30]
analyzed a series of non small cell lung cancer cell lines
among which Rb positive had little or no detectable p16
protein and pRb negative had abundant p16 protein. They
found that among nine Rb-positive cell lines, four had
homozygous deletions, three had point mutations, and the
remaining showed CpG island de novo methylation. Rein-
troduction of the p16 gene into cell lines by retroviral
transfer resulted in increased abundance of hypo-phospho-
rylated Rb, reduced growth rate, and accumulation of cells
in G1 which prevented S-phase entry of Rb+/p16-cells, but
not Rb deficient cell lines [31]. Additionally inverse
expression of p16 and Rb protein was seen with increasing
pathological stage in NSCLC [32]. 

These findings reveal that the mechanism of loss of p16
protein expression with regard to pRb status is an active,
and yet classically well known one. The p16 protein
seems to play an upstream role in counter balancing Rb
proteins. They also suggest that Rb may be a major sub-
strate for the inhibitory activity of the p16 gene product. 

Our results show that 28.58% were either Rb+/p16+ or
Rb_/p16 _. There is no report investigating Rb gene status
in pRb negative samples to clarify which role is active
and which one is passive in this interaction. This pathway
seems therefore to be more complicated than p16 and
pRb interaction in a direct and mutually exclusive way.

The intimate mechanism is still not totally understood,
but it is widely believed that it comprises Rb, p16 pro-
teins, cyclin D and CDK4 and CDK6 which are very
important for G1-S phase transition [33]. The proposed
mechanism is: in specific conditions or situations, like
loss of p53 function or its downregulation causing a p21
protein decrease, the cyclin D- and CDK4/6 complex are
activated and phosphorylate pRb protein in the G1 phase;
this phosphorylated form of one previously bound to
transcription factors (such as E2F) pRb, releases the cap-
tured factors. The transcription of proteins needed for cell
cycle progression follows. The result is subsequent entry
of previously quiescent cells into the S-phase [34]. The
decrease of Rb tumor suppressor ability leads to a com-
pensatory p16 protein increase, which in turn effectively
inhibits the complex cyclin D-CDK4/6, causing a nega-
tive feedback control over the pRb protein.

This theory still can not completely explain why some
samples were p16+/Rb+ or p16–/pRb–, suggesting that this
interaction might be more complicated than our under-
standing so far, at least in the case of endometrial carci-
noma.          

Conclusions

We used an immunohistochemical method to analyze
49 paraffinized sections of normal endometrium,
endometrial carcinoma for p16 and pRb protein detec-
tion, and endometrial polyps for p16 protein evaluation.
We went on with further analyses using polymerase chain
reaction for exon 1 amplification in six cancer tissues. 
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The findings indicate that there is a decrease in multi-
ple tumor suppressor gene product P16 protein expres-
sion in the pathogenesis of endometrial cancer and it is
related to poorer tumor cell grade. 

p16 and pRb protein expressions are inversely corre-
lated, showing that they interact in a common regulatory
pathway.

Exon 1 homozygous deletion is one of the mechanisms
of p16 gene inactivation in endometrial carcinoma. 

References
[1] Aagaard L., Lukas J., Bartkova J., Kjerulff A.A., Strauss M.,

Bastek J.: “Aberrations of p16INK4 and retinoblastoma tumour-
suppressor genes occur in distinct sub-sets of human cancer cell
lines”. Int. J. Cancer, 1995, 61, 115.

[2] Serrano M., Hannon G.J., Beach D.: “A new regulatory motif in
cell-cycle control causing specific inhibition of cyclin D/CDK4”.
Nature, 1993, 366, 704.

[3] Li Nan et al.: “p16 gene and cancer”. Foreign Med. Sci. (Cancer
Section), 1995, 22, 257.

[4] Fujino T., Risinger J.I., Collins N.K., Liu F.S., Nishii H., Taka-
hashi H. et al.: “Allelotype of endometrial cancer”. Cancer Res.,
1994, 54, 4294.

[5] Jen J., Harper J.W., Bigner S.H., Bigner D.D., Papadopoulos N.,
Markowitz S. et al.: “Deletion of p16 and p15 genes in brain
tumors”. Cancer Res., 1994, 54, 6353.

[6] Xu M.H., Zhang Z.G., Lu Q.: “p16 protein histochemical assess-
ment and clinical significance in endometrial cancer” (Xian Dai Fu
Chan Ke Jin Zhan). J. Prog. Obstet. Gynaecol., 1997, 6, 320.

[7] Sonoda Y., Yoshimoto T., Sekiya T.: “Homozygous deletion of
MTS1/p16 and MTS2/p15 genes and amplification of the CDK4
gene in glioma”. Oncogene, 1995, 1843.

[8] Shultz D.C., Vanderveer L., Buetow K.H., Boente M.P., Ozois
R.F., Hamilton T.C., Godwin A.K.: “Characterization of chromo-
some 9 in human ovarian neoplasia identifies frequent genetic
imbalance on 9q and rare alterations involving 9p including
CDKN2”. Cancer Res., 1995, 55, 153.

[9] Walker D.G., Duan W., Popovic E.A., Kaye A.H., Tomlinson F.H.,
Lavin M.: “Homozygous deletions of the multiple tumor suppres-
sor gene 1 in the progression of human astrocytomas”. Cancer
Res., 1995, 55, 20.

[10] Fu G., Lü C.L.: “p16 and p15 gene deletion and leukemia”.
Foreign Med. Sci. (Cancer Section), 1997, 1, 52.

[11] Lu Y.Y., Gao C.F., Cui J.T..: “Research on MTS1/p16 gene dele-
tion and abnormal expression in stomach carcinoma”. Chinese J.
Cancer, 1996, 18, 189.

[12] Devlin J., Elder P.A., Gabra H., Steel C.M., Knowles M.A.: “High
frequency of chromosome 9 deletion in ovarian cancer”. Br. J.
Cancer, 1996, 73, 420.

[13] Hatta Y., Hirama T., Takeuchi S., Lee E., Pham E., Miller C.W. et
al.: “Alterations of the p16 gene in testicular, ovarian and endome-
trial malignancies”. J. Urol., 1995, 154, 1954.

[14] Peiffer S.L., Bartsch D., Whelan A.J., Mutch D.G., Herzog T.J.,
Goodfellow P.J.: “Low frequency of CDKN2 mutation in endome-
trial carcinoma”. Mol. Carcinog., 1995, 13, 210.

[15] Zhou C.X., Sun J.H., Lu S.X., Liu H.L., Su T., Jin S.Q., Sheng X.:
“Research on MTS1/p16 gene deletion in endometrial cancer”.
Chinese J. Cancer, 1997, 19, 404.

[16] Huang Q., Tao Y.H., Li C.Y.: “Research on the aspect of p16, p15
gene in multiple primary malignant tumor cell line”. Chinese J.
Med. Genet., 1995, 13, 198.

[17] Marx J.: “New tumor suppressor may rival p53”. Science, 1994,
264, 344.

[18] Mori T., Miura K., Aoki T., Nishihira T., Mori S., Nakamura Y.:
“Frequent somatic mutation of the MTS1/CDK4 (multiple tumor
suppressor/cyclin-dependent kinase 4 inhibitor) gene in
esophageal squamous cell cancer”. Cancer Res., 1994, 3396.

[19] Nagakawa K., Conrad N.K., Williams J.P., Johnson B.E. Kelley
M.J.: “Mechanism of inactivation of CDKN2 and MTS2 in non
small cell lung cancer and associated with and vanced stage”.
Oncogene, 1995, 11, 1843.

[20] Counts J.L., Goodman J.I.: “Alterations in DNA methylation may
play a variety of role in carcinogenesis”. Cell, 1995, 83, 13.

[21] Spruck C.H. 3rd, Rideout W.M. 3rd, Jones P.A.: “DNA methylation
and cancer”. Exs., 1993, 64, 487.

[22] Mao L., Merlo A., Bedi G., Shapiro G.I., Edwards C.D., Rollins
B.J., Sidransky D.: “A noval p16INK4 transcript”. Cancer Res.,
1995, 2995.

[23] Bird A.P.: “CpG-rich islands and function of DNA methylation”.
Nature, 1986, 321, 209.

[24] Eden S., Cedar H.: “Role of DNA methylation in the regulation of
transcription”. Curr. Opin. Genet. Dev., 1994, 4, 225.

[25] Sun Y., Hildesheim A., Lanier A.E., Cao Y., Yao K.T., Raab-Traub
N., Yang C.S.: “No point mutation but decreased expression of the
p16/MTS1 tumor suppressor gene in nasopharyngeal carcinoma”.
Oncogene, 1995, 10, 785.

[26] Blaustein A. (ed.). Pathology of the Female Genital Tract. 1st

edition, New York, Springer-Verlag, 1977.
[27] Pettersson W.F., Adami H.O., Lingren A., Hesseliu I.: “Endome-

trial polyps and hyperplasia as risk factors for endometrial
cancer”. Acta. Obstet. Gynecol. Scand., 1985, 64, 653.

[28] Mayol X., Garriga J., Grana X.: “Cell cycle dependent phospho-
rylation of RB related protein 130”. Oncogene, 1995, 11, 801.

[29] Ambros R.A., Vigna P.A., Figge J., Kallakury B.V., Mastrangelo
A., Eastman A.Y. et al.: “Observations on tumor metastatic sup-
pressor gene status in human endometrial carcinoma with particu-
lar emphasis on p53”. Cancer, 1994, 73, 1686.

[30] Shapiro G.I., Park J.E., Edwards C.D., Mao L., Merlo A., Sidran-
sky D. et al.: “Multiple mechanisms of p16INK4A inactivation in
non small cell lung cancer cell hines”. Cancer Res., 1995, 55,
6200.

[31] Bartkova J., Lukas J., Guldberg P., Alsner J., Kirkin A.F., Zeuthen
J., Bartek J.: “The p16-cyclin D/CdK4-pRb pathway as a func-
tional unit frequently altered in melanoma pathogenesis”. Cancer
Res., 1996, 56, 5475.

[32] Kratzke R.A., Greatens T.M., Rubins J.B., Maddaus M.A.,
Niewoehner D.E., Niehans G.A., Geradts J.: “Rb and p16INK4A
expression in resected non-small cell lung tumors”. Cancer Res.,
1996, 56, 3415.

[33] Tam S.W., Shay J.W., Pagano M.: “Differential expression and cell
cycle regulation of the cyclin-dependent kinase 4 inhibitors
p16INK4”. Cancer Res., 1994, 54, 5816.

[34] Serrano M., Hannon G.J., Beach D.: “A new regulatory motif in
cell-cycle control causing specific inhibition of cyclinD/CDK4”.
Nature, 1993, 366, 704.

Address reprint requests to:
V. MUE KOH, M.D.
Centre Hospitalier et Univ. De Yaounde
Service De Gynecologie et Obstetrique
Total Melen
Yaounde (Cameroun)
e-mail: mve_koh@yahoo.com


