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ABSTRACT

Background: The differential diagnosis between atypical endometrial hyperplasia 
and endometrial carcinoma is often difficult and based on controversial criteria. Cell 
kinetic parameters may be helpful.

Design: Cell proliferation, apoptosis and Bcl-2 expression were evaluated in 
benign endometrium, non atypical and atypical endometrial hyperplasia and endo
metrial carcinoma. The results were compared by one way analysis of variance and 
Bonferoni T tests.

Results: Cell proliferation was significantly higher (p < 0.01) in endometrial 
adenocarcinoma (25.6 percent) than in atypical hyperplasia (17.1 percent) and non- 
atypical hyperplasia (7.5 percent) of the endometrium. Apoptosis was observed in 
12.3 percent of endometrial adenocarcinomas and less frequently in atypical hyper
plasia (7.4 percent) and non-atypical hyperplasia of the endometrium (5.8 percent).
Bcl-2 expression was significantly lower (p < 0.002) in endometrial adenocarcinoma 
(1.7 percent) than in atypical hyperplasia (4.2 percent) and non-atypical hyperplasia 
(5.3 percent) of the endometrium. In benign endometrium, cell proliferation and 
Bcl-2 expression were significantly higher during the proliferative phase while the 
rate of apoptosis was significantly higher during the secretory phase.

Conclusions: Our data suggests that cell proliferation, apoptosis and Bcl-2 expres
sion could be helpful when distinguishing endometrial carcinoma from non-atypical 
or atypical endometrial hyperplasia.

Introduction

It is now well established that endometrial 
hyperplasia is a p recurso r lesion o f well-
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differentiated endometrial carcinoma.1 A con
tinuing spectrum  o f histological changes 
occurs during endometrial malignant transfor
mation. This includes sim ple endom etrial 
hyperplasia and complex endometrial hyper
plasia without cytologic atypia, (which can be 
grouped as non-atypical endometrial hyperpla
sia), endom etrial hyperplasia with cytologic 
atypia (also called atypical endometrial hyper- 
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plasia), and endometrial carcinoma. The differ
ential diagnosis of these lesions, particularly 
the distinction between atypical endometrial 
hyperplasia and endom etrial carcinoma, is 
often difficult because it is based on subtle 
h is to lo g ica l d if fe re n c e s  and  c o n tro v e r
sial criteria.2

Endometrial carcinogenesis is a multistep 
process, triggered by the progressive loss of 
the  control m echanisms that regulate cell 
growth and cell death. In normal endom e
trium, cell proliferation and programmed cell 
death or apoptosis are hormone-dependent. 
Estrogens increase cell proliferation and unop
posed estrogens may lead to endom etrial 
hyperplasia.3 The rate of apoptosis is very low 
in proliferative endom etrium , increases in 
secretory endom etrium  and peaks prior to 
menstruation.4 Thus, kinetic parameters such 
as cell proliferation and apoptosis could be 
expected to change significantly during malig
nant transformation. These parameters can be 
objectively quantitated in diagnostic surgical 
specimens and might be helpful in establishing 
a correct diagnosis. The cell growth cycle con
sists of G, (presynthetic), S (DNA synthesis), 
M (mitosis), and G2 (post-mitosis) proliferative 
phases, and a physiologic state G0 in which 
cells are quiescent. The cycle lasts approxi
mately 24 hours. Mitosis lasts less than 30 min
utes and therefore is not considered an accu
rate assessment of cell proliferation.5 The cell 
proliferation-associated nuclear antigen Ki-67 
is expressed th roughou t the  proliferative 
phases of the cycle (late G, phase, S, G2 and M 
phases) in all cycling human cells.6 The expres
sion of this protein can be detected with the 
MIB-1 mAb in a variety of formalin fixed tis
sues, providing an excellent measurement of 
cell proliferation.7-8

During apoptosis, the DNA is fragmented in 
segments of 180 base pairs.9 This results in 
characteristic morphological features,10 which 
can be identified under the light microscope. 
Apoptosis can be also identified in tissue sec
tions by the technique of term inal deoxy- 
nucleotidyl transferase (TdT)-mediated deoxy- 
u rid in e  (dU T P )-b io tin  nick end  labeling 
(TU N EL).11 However, previous studies have

shown that the morphological identification of 
apoptotic cells under the light microscope is 
more accurate than the TUNEL technique.12

The Bel-2 protein is a powerful suppressor 
o f apoptosis,13 and over-expression can be 
detected by immunohistochemistry.

In this study, we have evaluated cell prolif
eration and Bcl-2 expression by computerized 
image cytometry and the rate of apoptosis by 
light microscopy to determine if these param 
eters can discriminate between normal, hyper
plastic and carcinomatous endometrium.

M aterial and M ethods

H istopathological M aterials: Formalin- 
fixed, paraffin-embedded archival specimens 
from 71 patients who underwent hysterectomy 
for uterine leiomyomas, cervical pathology, 
abnormal uterine bleeding or a previous diag
nosis of endometrial hyperplasia or carcinoma 
were retrieved from the files of the D epart
ment of Pathology at the H. Lee Moffitt Can
cer C enter and Research Institute. Four |xm 
thick, hematoxylin-eosin stained tissue sections 
were reviewed and the endom etrial tissues 
were classified in the following groups: atro
phic endom etrium  (n = 10), proliferative 
endom etrium  (n = 10), secretory endom e
trium (n = 10), simple or complex non-atypical 
endom etrial hyperplasia (n = 19), atypical 
endometrial hyperplasia (n = 9) and endom e
trial carcinoma (n = 13).

Atypical endometrial hyperplasia and endo
metrial carcinoma were diagnosed according 
to published criteria.14 All endometrial carci
nomas were well differentiated (FIGO grade I 
of III). The mean age of patients with benign 
atrophic, proliferative or secretory endom e
trium was 41 (range 32 to 54). The mean age of 
patients with non-atypical or atypical endom e
trial hyperplasia and endometrial carcinoma 
was 52, 59, and 63, respectively (range 31 
to 79).

MIB-1 and Bcl-2 Im m unohistochem is- 
try: Deparaffinized four |xm thick tissue sec
tions were placed in methanol containing 0.3% 
H 20 2 for 30 minutes at room tem perature 
(RT) to block endogenous peroxidase activity.



310 M ORA, DIAZ, CANTOR, & NICOSIA

Immunohistochemical staining was performed 
by the biotin-streptavidin amplified (BSA) per
oxidase m ethod1'5 using the anti-Ki-67 mAb 
M1B-1 (Immunotech. West Brook, ME) and 
the anti-Bel-2 mAb (Dako, Carpintería, CA). 
Briefly, antigen retrieval16 was performed by 
incubating the slides in citric acid buffered 
solution (p ll 6.0) in a microwave for 5 min
utes, and repeating this procedure 3 times. 
Slides were then incubated with the appropri
ate mAb for 60 minutes at RT. Visualization 
was achieved with the biotin-IgG/streptavidin- 
horseradish peroxidase immunodetection kit 
(Biogenics, San Ramon, CA) using diamino- 
benzidine (DAB) as a chromogen. Slides were 
incubated with a universal biotinylated IgG 
secondary Ab for 30 minutes at RT, with peri- 
oxidase-conjugated streptavidin for 30 minutes 
at RT and with sequential application of 
3,3'DAB/H20 2 for 5 to 10 minutes at RT. 
Slides were washed with phosphate buffered 
saline pH  7.4 before the primary and second
ary Abs, peroxidase-conjugated streptavidin 
and DAB were applied. Slides were counter
stained with Meyer’s hematoxylin regressively, 
dehydrated and mounted. Negative and posi
tive immunostaining controls were established 
by omitting MIB-1 and anti-Bcl-2 mAbs and 
by using archival tonsilar tissue displaying 
reactive germinal centers, respectively.

M IB-1 and B cl-2 Im age C ytom etric  
Analysis: A CAS-200 Image Analysis System 
(Cell Analysis Systems) with “Cell Prolifera
tion Index” and “Oncogene” software pro
grams were used to quantitate cell prolifera
tion and Bcl-2 expression (MIB-1 nuclear

positive or Bcl-2 cytoplasmic positive cells/ 
total num ber of cells x 100). A minimum of 
150 non-overlapping and well-preserved cells 
was measured within at least 10 adjacent 400x 
magnification fields in each sam ple.17 The 
digital image of an endometrial gland immu- 
nostained with MIB-1 mAb for evaluation of 
cell proliferation is shown in figure 1. The sys
tem operator was unaware of the histopatho- 
logical diagnosis at th e  tim e o f cytom e
tric evaluation.

Apoptosis: The rate of apoptosis was deter
mined by quantitating the percent of endome
trial epithelial cells exhibiting the characteris
tic morphological features of apoptosis under 
the light microscope, according to previously 
published criteria.10 Characteristic apoptotic 
endom etrial epithelial cells are shown in 
figure 2.

Statistical analysis: The mean percentages 
of apoptotic, Ki-67 and Bcl-2 positive endome
trial epithelial cells were compared between 
atrophic endometrium, proliferative endom e
trium, secretory endom etrium , non-atypical 
endometrial hyperplasia, atypical endometrial 
hyperplasia and endometrial carcinoma. The 
comparisons w ere analyzed by a one way 
ANOVA test using the general linear models 
procedure (Proc GLM of the SAS software 
system).18 Bonferroni testing to control the 
Type I error rate at 0.05 was then performed 
for each pair of histological sub-groups.

Results

The mean percentages of Ki-67, apoptotic 
and Bcl-2 positive endometrial epithelial cells

F ig u r e  1. CAS-200 digital
image of an endometrial gland after 
MIB-1 immunostaining, with a line 
drawn around the contour of the 
g land. T he p ro life ra tin g  cells 
(MIB-1 positive nuclei) demonstrate 
dark nuclei.
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F igure 2. Apoptosis (600x) and 
cell proliferation (insets, 400x) in 
atypical endometrial hyperplasia (A) 
and well-differentiated endometrial 
carcinoma (B). Endometrial epithe
lial apoptotic cells (labeled with 
arrows). The inset demonstrates 
proliferating endometrial epithelial 
cells labeled with MIB-1 mAb (dark 
nuclei) in these same cases.

are shown in figure 3. Ki-67 positive cells were 
significantly higher in endometrial carcinoma 
than in non-atypical or atypical endometrial 
hyperplasia (p < 0.0001 and p = 0 .002, respec
tively). There was no significant difference 
between either type of endometrial hyperpla
sia (p > 0.05). As expected, the percent of 
Ki-67 positive cells was significantly higher in 
proliferative endometrium than in atrophic or

secretory endometrium (p < 0.05). Also, there 
was no significant difference in cell prolifera
tion between benign proliferative endom e
trium and endometrial carcinoma.

Similarly, the percent of apoptotic cells was 
significantly higher in endometrial carcinoma 
than in non-atypical or atypical endometrial 
hyperplasia (p < 0.0001 and p = 0 .01, respec
tively). There was no significant difference

F igure 3. Histogram with the mean percentages of cell proliferation (black bars), apoptosis (white bars) and Bcl-2 
protein expression (hatched bars) is non-atypical and atypical endometrial hyperplasia and endometrial carcinoma. The 
standard deviations are represented in vertical lines over the bars.
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between either type of endom etrial hyper
plasia. The percent of apoptotie cells was sig
nificantly higher (p < 0.05) in secretory endo
m etrium  than in atrophic or proliferative 
endometrium. Proliferating endometrial cells 
labeled with the MIB-1 mAb and apoptotie 
endometrial cells recognized by their charac
teristic appearance under the light m icro
scope, are shown in figure 2 .

The percent of Bcl-2 positive cells was sig
nificantly lower in endometrial carcinoma than 
in non-atypical and atypical endom etria l 
hyperplasia (p < 0.0001 and p = 0 .001, respec
tively). There was no significant difference 
between either type of endometrial hyperpla
sia. Also, this percent was significantly higher 
in proliferative endometrium than in atrophic 
or secretory endometrium (p < 0.05). Endo
metrial cells immunolabeled with the Bcl-2 
mAb are shown in figure 4.

The differences in the means described 
above suggest that it might be feasible to use 
the percent of Ki-67, Bcl-2, and apoptotie 
epithelial endom etrial cells to distinguish 
betw een non-atypical/atypical endom etrial 
hyperplasia and endometrial carcinoma. Fig
ure 5 is a scatter plot that shows the separation 
of these groups based on empirical cutoffs in 
the percent of Ki-67 positive cells. As can be 
observed, all of the endometrial carcinomas 
and none of the non-atypical endom etrial 
hyperplasia had greater than 14% Ki-67 posi
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F igure 5. Scatter plot showing the separation of non- 
atypical and atypical endometrial hyperplasias and endo
metrial carcinomas based on the percent of Ki-67 positive 
cells. Empirical cutoffs of 14 and 19 percent will have 
identified correctly all non-atypical endometrial hyperpla
sias, 77 percent of the endometrial carcinomas and 55 
percent of the atypical endometrial hyperplasias.

tive cells. Thus this value would have distin
guished the carcinomas without error. How
ever, the separation betw een endom etrial 
carcinomas and atypical endometrial hyperpla
sias was not as perfect. Ten of the thirteen 
carcinomas (77%) had values above 19% while
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F igure 4. Bcl-2 protein expres- 
sion after im m unostaining with 
Bcl-2 mAb (600x). In normal endo
metrium, Bcl-2 expression peaks in 
mid-proliferative phase (A). There is 
low to negative Bcl-2 expression in 
atypical endometrial hyperplasia (B) 
and well-differentiated endometrial 
carcinoma (C), respectively.
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five of the nine atypical endometrial hyperpla
sias (55%) were below this value (one of the 
dots represents the overlap of two atypical 
hyperplasias, each with 22% of Ki-67 positive 
cells). Figure 6 is a scatter plot that shows the 
separation of these groups based on empirical 
cutoffs in the percent of apoptotic and Bcl-2 
positive cells. As can be observed, eleven of 
the thirteen endometrial carcinomas (85%) in 
our sample had more than 8% apoptotic cells, 
while six of nine atypical endometrial hyper
plasias (67%) and eighteen of nineteen non- 
atypical endometrial hyperplasias (95%) had 
less than 8% apoptic cells. Eleven of thirteen 
endometrial carcinomas (85%) had less than 
2.5% Bcl-2 positive cells. All o f the non- 
atypical endometrial hyperplasias and seven of 
the nine atypical endom etrial hyperplasias 
(78%) had more than 2.5% Bcl-2 positive cells. 
Thus the percent of Bcl-2 positive cells can 
also make this distinction. Note that 7 of our 
41 cases (17%) would be classified inconsis
tently when using these two parameters.

Discussion

Endometrial hyperplasia embraces a group 
of lesions with differing biologic potential, and 
may be a precursor of well d ifferentiated 
endometrial carcinoma. The carcinomas that 
arise in this context are relatively benign in 
behavior. The overlap in histologic changes 
that occurs during this process accounts for the 
difficulties encountered by surgical patholo
gists w hen evaluating endom etria l spec i
mens. Attempts to subclassify what indeed 
is a co n tin u in g  sp ec tru m  have re su lte d  
in controversies.

E ndom etrial hyperplasia is a disordered 
proliferation of endometrial glands resulting in 
glandular crowding and decreased intervening 
stroma. The term  atypical endometrial hyper
plasia was introduced to describe glandular 
proliferations with extreme glandular crowd
ing and very little intervening strom a and 
therefore, closely resembling carcinoma.19 A 
later definition proposed the restriction o f this

% Bel—2 positive cells
•  •  Adenocarcinoma 4  A  Atypical H y p e r p l a s i a  *  *  Hon-atypleal Hyporpiaala

F IG U R E  6 . Scatter plot showing the separation of non-atypical and atypical endometrial hyperplasias and endometrial 
carcinomas based on the percent of apoptotic and Bcl-2 positive cells. An empirical cutoff of 8  percent apoptotic cells 
will have identified correctly 95 percent of the non-atypical endometrial hyperplasias, 85 percent of the endometrial 
carcinomas and 67 percent of the atypical endometrial hyperplasias. A cutoff of 2.5 percent Bcl-2 positive cells will have 
identified correctly all non-atypical endometrial hyperplasias, 85 percent of endometrial carcinomas and 78 percent of 
the atypical endometrial hyperplasias.
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term to lesions with cytological atypia regard
less of the degree of glandular crowding.20 
O ther authors have required both extreme 
glandular crowding and atypia to designate 
atypical endometrial hyperplasia.21 The even 
more controversial term  of carcinoma in situ 
was introduced to describe lesions at the end 
of the spectrum of endometrial proliferation in 
which the cytological and the architectural fea
tures were consistent with carcinoma although 
there was no stromal invasion.20 The Interna
tional Society of Gynecological Pathologists 
(ISGP) subdivides endom etrial hyperplasia 
into two categories: non-atypical endometrial 
hyperplasia (without cytological atypia) and 
atypical endometrial hyperplasia (with cyto
logical atypia). Since it appears that the rate of 
progression to carcinoma is very low in non- 
atypical endometrial hyperplasia regardless of 
glandular complexity and crowding, we have 
used in our study the presence of cytological 
atypia to differentiate non-atypical from atypi
cal endometrial hyperplasia. Although many 
well differentiated endometrial carcinomas are 
diagnosed without difficulty, it might be very 
difficult to differentiate endom etrial carci
noma from atypical endometrial hyperplasia.22 
Stromal invasion excludes atypical endometrial 
hyperplasia, but this might be difficult to iden
tify in endometrial biopsies.

Cell kinetic parameters such as cell prolif-
23—25 i  i • 26eration, and more recently apoptosis, 

have been investigated in an attem pt to better 
understand the pathogenesis of these lesions. 
The results of m easurement of cell prolifera
tion have been controversial. We have investi
gated the potential use of these parameters to 
differentiate endom etrial hyperplasia from 
carcinoma. As others,26 we found that the rates 
of apoptosis and cell proliferation are lower in 
non-atypical and atypical endometrial hyper
plasia than in endometrial carcinoma. As could 
be expected from previous reports,27 we found 
that in benign endometrium, Bcl-2 expression 
peaks during the proliferative phase, when 
cell proliferation is high and apoptosis is low. 
In addition, we found that Bcl-2 expression 
is significantly lower in endom etrial carci
noma than in non-atypical or atypical endom e
trial hyperplasia.

In summary, our data suggests that cell pro
liferation, apoptosis and Bcl-2 expression may 
provide useful information when attempting to 
distinguish betw een endom etrial carcinoma 
and non-atypical o r atypical endom etria l 
hyperplasia. We realize a classification rule 
may perform better on the data used to create 
that rule than on other data. It is, therefore 
important that our observations be confirmed, 
and perhaps fine-tuned, in a prospective fash
ion by other investigators. W e postulate that 
determination of the percentages of apoptotic, 
Ki-67 and Bcl-2 positive cells may be a useful 
ancillary tool.
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