
http://ijs.sagepub.com

International Journal of Surgical Pathology 

DOI: 10.1177/106689690401200405 
 2004; 12; 319 Int J Surg Pathol

Sharon X. Liang, Setsuko K. Chambers, Liang Cheng, Shaopo Zhang, Yi Zhou and Wenxin Zheng 
 Molecular Features

Endometrial Glandular Dysplasia: A Putative Precursor Lesion of Uterine Papillary Serous Carcinoma. Part II:

http://ijs.sagepub.com/cgi/content/abstract/12/4/319
 The online version of this article can be found at:

 Published by:

http://www.sagepublications.com

 can be found at:International Journal of Surgical Pathology Additional services and information for 

 http://ijs.sagepub.com/cgi/alerts Email Alerts:

 http://ijs.sagepub.com/subscriptions Subscriptions:

 http://www.sagepub.com/journalsReprints.navReprints: 

 http://www.sagepub.com/journalsPermissions.navPermissions: 

 http://ijs.sagepub.com/cgi/content/refs/12/4/319
SAGE Journals Online and HighWire Press platforms):

 (this article cites 54 articles hosted on the Citations

 © 2004 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at UNIV ARIZONA LIBRARY on January 10, 2008 http://ijs.sagepub.comDownloaded from 

http://ijs.sagepub.com/cgi/alerts
http://ijs.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://ijs.sagepub.com/cgi/content/refs/12/4/319
http://ijs.sagepub.com


Endometrial Glandular Dysplasia: A Putative
Precursor Lesion of Uterine Papillary Serous

Carcinoma. Part II: Molecular Features1

Sharon X. Liang, MD, PhD,* Setsuko K. Chambers, MD,†

Liang Cheng, MD,‡ Shaopo Zhang, MD,‡ Yi Zhou, MD, PhD,†

and Wenxin Zheng, MD*†

319

International Journal of Surgical Pathology 12(4):319–331, 2004

1Part I of this study (Morphologic Features) was published in the July 2004 issue of this journal.
From the Departments of *Pathology and †Obstetrics and Gynecology; Yale University School of Medicine, New Haven, CT; and the

‡Department of Pathology, Indiana University School of Medicine, Indianapolis, IN.
Reprint requests: Wenxin Zheng, MD, Department of Pathology, Yale University School of Medicine, 20 York Street, EP 2-608, New

Haven, CT 06520-8070.

Endometrial glandular dysplasia (EmGD) may be a newly defined precursor lesion of
uterine papillary serous carcinoma (UPSC) by morphology. In this report, we studied
molecular changes present in EmGD by the loss of heterozygosity (LOH) approach
using laser capture microdissected tissue samples. Nineteen uteri showing at least 1
focus of EmGD by morphology were selected. These cases were 12 UPSC, 2 clear cell
carcinomas, 1 mixed uterine papillary serous and endometrioid carcinoma, 1 uterine
carcinosarcoma, 1 serous endometrial intraepithelial carcinoma (EIC), and 2 EmGD
involving endometrial polyps. Seven microsatellite polymorphic DNA markers (TP53
at 17p, D1S211, and D1S162 at 1p32, D17S1323 at 17q21, D17S1330 at 17q25,
D5S346 at 5q, and D2S123 at 2p) were utilized. A total of 123 laser-captured mi-
crodissection samples from 19 cases was studied with LOH method. The frequencies
and patterns of LOH were analyzed and compared among benign resting en-
dometrium (RE), EmGD, serous EIC, and UPSC. LOH was observed for at least 1 of
the 7 markers in all categories of lesions, EmGD, serous EIC, and UPSC. The fre-
quency of LOH for EmGD ranged from 4.2% to 31.3%; the range for serous EIC was
5.9% to 78.6%; and that for UPSC was 7.7% to 62.5%. The most frequent LOH in
the 3 above-cited categories of lesions was identified at 17p (TP53) and 1p (D1S162).
The frequency of LOH in EmGD with markers of TP53 and D1S162 was significantly
higher than in RE (p < 0.05). With markers of D1S211 and D2S123, LOH in EmGD
was higher than RE, approaching to a statistically significant level. Compared with
foci of serous EIC and UPSC, however, the rate of LOH in EmGD was significantly
lower only with TP53 locus (31.3% vs more than 60%, p < 0.05). The difference of
LOH frequency with other chromosomal markers between EmGD and serous
EIC/UPSC did not reach a statistically significant level. A significantly high concor-
dant LOH pattern was found between foci of EmGD and serous EIC/UPSC (p = 0.05).
We conclude that EmGD frequently shows LOH at multiple chromosomal loci, par-
ticularly at 17p and 1p. Significantly high concordant LOH frequency between EmGD
and paired serous EIC or UPSC strongly suggests that EmGD is a noncancerous pre-
cursor lesion of UPSC, probably also of serous EIC. The clinical significance of EmGD
needs further studies. Int J Surg Pathol 12(4):319–331, 2004
Key words: endometrial glandular dysplasia (EmGD), endometrial carcinoma, uter-
ine papillary serous carcinoma, serous EIC.
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Acronyms

EIC = endometrial intraepithelial carcinoma
EmGD = endometrial glandular dysplasia
LCM = laser capture microdissection
LOH = loss of heterozygosity
RE = resting endothelium
VEC = uterine endometrial carcinoma
UPSC = uterine papillary serous carcinoma
IHC = immunohistochemistry

Uterine papillary serous carcinoma (UPSC) is a
distinct and aggressive subtype of endometrial car-
cinoma [1,2]. It is recognized as such because of its
unique pathologic features, aggressive behavior,
and a strong association with p53 mutations, as
compared with uterine endometrioid carcinoma
(UEC). UPSC comprises approximately 10–15% of
all endometrial carcinoma but causes a dispropor-
tionate number of endometrial cancer deaths [3].
The factors predisposing to the development of
UPSC are not clear. However, several groups, in-
cluding ours, have found that early alterations of
p53 may play a major role in the carcinogenesis
[4–8]. 

Alteration of the tumor suppressor gene p53 has
been described in approximately 10% to 15% of
early and 40% to 50% of advanced endometrial
carcinomas [4,5]. A particularly high-frequency
p53 alteration is present in UPSC and other high-
nuclear-grade endometrial cancers [5,7–11]. It has
been found that approximately 90% of UPSC and
serous EIC have p53 gene mutation by direct se-
quencing or single strand-conformational polymor-
phism (SSCP), as well as subsequent accumulation
of aberrant p53 protein by immunohistochemical
studies [5,11–14]. Poor prognosis of UPSC has also
been attributed to p53 mutation [15,16]. Therefore
p53 mutation may be a major participant in the de-
velopment and progression of UPSC. 

Loss of heterozygosity (LOH) on the short arm of
chromosome 1 has been found in solid tumors of
many organ systems, including breast, thyroid, cen-
tral nervous system, gastrointestinal, and gyneco-
logic tract [17]. Arlt et al [18] studied LOH in UPSC
by using multiple microsatellite markers and found
that chromosome 1p LOH was a common and spe-
cific feature for UPSC, with more than 63% of tu-
mors revealing loss of sequences from the 1p32-p33
region. Although UPSC shares clinical features of
ovarian papillary serous carcinoma (OPSC), the
LOH percentage is much higher in UPSC than in
OPSC (63.2% vs 26.6%) in this region [19]. These
results have led to speculation that a putative tumor

suppressor gene of UPSC might be located in this re-
gion [18]. 

Since there is striking similarity in histopathologic
appearance and poor clinical prognosis among
UPSC and serous carcinomas of the ovary and peri-
toneum, the latter 2 are highly associated with
BRCA-1 mutations, it is logical to wonder whether
UPSC is also a BRCA-1-related cancer. Caduff et al
[20] reported a comparative study of UPSC (n=8)
and OPSC (n=26), and their results showed that
both UPSC and OPSC have a significant allelic loss
on 17q at BRCA-1 locus (43% vs 64%). Subse-
quently, BRCA-1 gene mutations were reported in
women with peritoneal papillary serous carcinoma
[21]. More recently, cases with a germ line muta-
tion of the BRCA-1 gene were reported in a family
of 2 affected sisters who had advanced stage of
UPSC and OPSC [22]. These results suggest that
BRCA-1 mutation may play a role in UPSC devel-
opment, at least in a subset of patients. 

In addition to the above-cited molecular events
occurring in UPSC, other molecules have also been
studied. These include LOH analysis of PTEN, APC,
hMSH-1 and hMSH-2, microsatellite instability, and
others [23,24]. Although abnormalities related to
APC or hMSHs are more commonly seen in UEC,
similar changes do occur in UPSC as well
[13,25,26]. However, PTEN alteration seems never
been reported in UPSC [27]. 

To study the histopathogenesis of a tumor, mea-
surement of clonality is a well-accepted approach.
Currently, analyses of chromosomal abnormality
(microsatellite instability analysis), specific gene re-
arrangement, and patterns of oncogene activation
in tumor DNA by polymerase chain reaction (PCR)-
based techniques have been widely used for this
purpose [28]. Of those, microsatellite instability
analysis increasingly plays an important role, espe-
cially with use of paraffin-embedded tissues, be-
cause it is relatively easy to perform and abundant
DNA polymorphisms are often present in tumor tis-
sues. Microsatellite instability analysis with LOH as-
say has been used in discriminating multifocal from
metastatic disease. This is a clinical dilemma en-
countered quite often in gynecologic malignancies
[29–32], as well as malignancies in other organ sys-
tems [33–37]. 

Identification of precursor lesions of endometrial
carcinoma has been a major interest of pathologists
as well as of gynecologic oncologists because it has
significant clinical impact. Atypical endometrial hy-
perplasia and endometrial intraepithelial neoplasia
undoubtedly represent the precursor lesions of UEC
[27,38]. However, the precursor lesion of UPSC is
much less well characterized. To be considered a
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precursor of UPSC, it should have evidence not only
of coexistence and sequential morphologic progres-
sion from precursor to UPSC but also of similar
changes at a molecular level. Therefore, it is plausi-
ble to apply a multidisciplinary approach including
morphologic, clinical, and molecular studies to ad-
dress the issue. In the immediate previous issue
(Zheng et al, IJSP, 12:207–223), we defined endome-
trial glandular dysplasia (EmGD), a putative precur-
sor of UPSC, by using a morphologic pathologic ap-
proach. In this study we intend to investigate the
molecular changes in the lesions of EmGD by LOH
assays at multiple microsatellite loci in order to de-
termine whether EmGD is a neoplastic process and
whether EmGD fits as a precursor lesion of UPSC. 

Materials and Methods

Case Selection and Sample Targets

Ninteen uteri were used for this study. Among
the 32 classic UPSC and 16 serous EIC uteri as de-
scribed in our accompanying paper on the morpho-
logic study [39], 8 UPSC and 1 serous EIC uteri had
adequate material for this molecular study. We re-
cruited an additional 4 UPSC, 2 clear cell carcino-
mas, and 1 mixed UPSC and UEC, 1 carcinosar-
coma, and 2 EmGD involving endometrial polyps
for this study. All 19 cases were from the Depart-
ment of Pathology at Yale University School of Med-

icine. The ages of these patients ranged from 50 to
83 years with an average of 68.3. The patients were
all postmenopausal. The 12 UPSC cases included 5
Stage 1A, 6 1B, and 1 stage 3C. Two clear cell carci-
nomas were 1 stage 1B and 1 stage 1C. One mixed
carcinoma contained 75% UPSC and 25% UEC and
was stage 1B. One carcinosarcoma had 30% serous
carcinoma component and was stage 3C. Two
EmGDs were found in endometrial polyps with no
subsequent hysterectomy obtained yet. These cases
are selected based on availability of tissue blocks
and presence of appropriate areas for laser capture
microdissection (LCM). Tumors were graded and
staged by using International Federation of Obste-
tricians and Gynecologists (FIGO) system [40]. The
patients’ characteristics are summarized in Table 1.
We also included 5 benign uteri from post-
menopausal women who underwent hysterectomy
because of nonendometrial cancer. Their ages
ranged from 59 to 81 years with an average of 63. 

The targeted areas included classic UPSC from the
main tumor mass, serous EIC, EmGD, and adjacent
resting endometrium (RE) within the uteri. If the
serous EIC appeared to be closely associated with
UPSC cases, we selected the lesions of serous EIC,
which were at least 2 mm away from the main
UPSC lesion within the same uterus. EmGD was se-
lected based on the morphologic criteria described
in the accompanying paper [39]. Multiple foci of
EmGD, serous EIC, and UPSC were microdissected
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Table 1. Clinical and Histologic Data of 19 Selected Cases

Case No. Age (yr) Histologic Dx Nuclear Grade Stage Clinical Presentation and Other Findings

01 80 UPSC 3 IB PMB
02 74 UPSC 3 IIIC Paraneoplastic syndrome
03 70 UPSC 3 IA Abnormal pap, breast ca, on tamoxifen
04 74 UPSC 3 IB PMB
05 50 CCC 3 IB PMB
06 67 UPSC 3 IB PMB
07 69 EmGD N/A N/A Stage 3 Ser OvCa
08 83 Mixed UPSC & UEC 3 IB PMB
09 60 UPSC 3 IB PMB
10 80 UPSC 3 IA PMB
11 60 CCC 3 IC PMB, abnormal pap
12 61 EmGD in EMP N/A N/A Stage 3 Ser OvCa
13 68 UPSC 3 IB PMB, breast ca & OvCa
14 60 UPSC 3 1A Abnormal pap
15 74 MMMT 3 IIIC PMB, breast ca
16 57 EmGD in EMP N/A N/A Abn pap, EMP
17 61 UPSC in EMP 3 IA PMB
18 73 UPSC 3 IA PMB
19 76 UPSC 3 IB PMB

EmGD: endometrial glandular dysplasia; UPSC: uterine papillary serous carcinoma; CCC: clear cell carcinoma; UEC: endometrioid ade-
nocarcinoma; MMMT: malignant mixed Müllerian tumor; EMP: endometrial polyp; PMB: postmenopausal bleeding; Ser OvCa: papillary
serous ovarian carcinoma; Abnormal (Abn) pap: abnormal pap smears of either histocytes or atypical glandular cells or adenocarcinoma
cells in the preoperative pap smears. 
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with laser capture method. Six foci of EmGDs and 7
foci of serous EICs were derived from 2 clear cell
carcinomas, 1 mixed serous and endometrioid car-
cinoma, and 1 carcinosarcoma. We did not include
areas of clear cell carcinoma and UEC for this study.
One sample of endometrial stroma from a non-
cancerous area from each uterus was included. For
2 cases of EmGD involving endometrial polyps, the
stromal cells were microdissected from non-EmGD
areas within the polyp. In total, 24 RE including 9
atrophic endometria, 10 weakly proliferative en-
dometria, and 5 proliferative endometria were stud-
ied. Nineteen were derived from endometrial can-
cer and EmGD cases, while the remaining 5 were
derived from noncancerous control uteri. The RE
from cancer cases were located at least 1 cm away
from either UPSC or serous EIC or other malignant
component. No samples of endometrial metaplasia
were examined.

All specimens were obtained under the approval
of the Human Investigation Committee. 

Laser-Capture Microdissection 

Histologic sections were prepared from routine
formalin-fixed, paraffin-embedded blocks and
stained with hematoxylin-eosin for histopathologic
review. Subsequent histologic sections containing
targeted area(s) from each embedded tissue block
were obtained and placed onto glass slides at 5-mi-
cron intervals and stained with methyl green fol-

lowing the standard protocol (Arcturus Engineering
Inc., Mountain View, California). Targeted endome-
trial epithelial cells, including EmGD, serous EIC,
invasive UPSC, and benign RE, were microdissected
from methyl-green-stained slides under direct light
microscopic visualization (BH2 Olympus, Tokyo,
Japan), by using PixCell IIe Laser Capture Microdis-
section System (Arcturus Engineering Inc., Moun-
tain View, California) as described elsewhere [41].
Approximately 300 to 500 cells were microdissected
from each interested area. One control sample (not
involved with any lesions) was obtained from the
normal stromal tissue from each uterus. Examples
of targeted areas before and after microdissection
are illustrated in Fig. 1. 

DNA Extraction and Detection of LOH

The microdissected tissues were placed in a 20-µL
aqueous solution containing 10 mM Tris-HCl, 1mM
EDTA, 1% Tween 20, and 0.1 mg/mL proteinase K
(pH 8.3) and incubated overnight at 37°C for DNA
extraction [42]. The solution was boiled for 10 min-
utes to inactivate the proteinase K and used directly
for subsequent LOH analysis as described elsewhere
[34,43]. Seven oligonucleotide primer pairs for the
microsatellite DNA markers selected in this study
were synthesized in Research Genetics (Huntsville,
AL). These included TP53, D1S211, D1S162,
D17S1323, D17S1330, D5S346, and D2S123. The
DNA sequence of each primer with corresponding
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Fig. 1. Examples of precise microdissection of endometrial glands from EmGD (top) and
serous EIC (bottom). The left panel is the image of H & E staining, the image in the mid-
dle is derived from prelaser-captured microdissection (LCM), and the right is post-LCM. 
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known gene and chromosomal location is listed in
Table 2. The TP53 and D17S1323 loci are intragenic
to p53 and BRCA-1 genes, respectively [7,20]. The
D1S211 and D1S162 loci were present in the short
arm of chromosome 1, which are highly associated
with UPSC although specific genes in these loci re-
main unknown [18]. The other loci (D17S1330,
D5S346, and D2S123) were also related to endome-
trial cancers, although high specificity with UPSC
has not been reported [20,44,45]. For each marker
analysis, polymerase chain reactions (PCR) were
performed in 10 µL of total volume. Each reaction
contained 0.2 mM deoxyribonucleoside triphos-
phates, 1 µM forward and reverse primers, 0.2 µL
32P-labeled deoxycytidine triphosphate (6,000
Ci/mM), 0.1 unit of Taq polymerase, and 1 µL DNA
extraction mixture. PCR amplification was carried
out for 35 cycles, with each cycle performed for 30
seconds at 95°C, 1 minute at 55°C, 1 minute at
72°C, and 10 minutes at 72°C at the final extension
step (Perkin-Elmer Cetus Thermal Cycler, The
Perkin-Elmer Corp., Foster City, CA). The amplified
PCR products were diluted 1:1 in denaturing load-
ing buffer containing 95% deionized formamide, 20
mM EDTA, 10 mM NaOH, 0.05% xylene cyanol FF,
and 0.05% bromophenol blue (Sigma Chemical
Co., St. Louis, MO), and were heated to 95°C for 5
minutes before application to 6.5% polyacrylamide
gels. Electrophoresis was performed at 1,600 V for
4–7 hours, followed by autoradiography with Ko-
dak X-OMAT-AR film (Eastman Kodak Co.,
Rochester, NY) for 8–16 hours. The PCR reactions
for each polymorphic DNA marker were repeated at
least twice, and the same results were obtained. 

Allelic Loss Patterns 
and Statistical Analyses

The LOH analysis for each matched case was
scored based on the presence or absence (complete
or nearly complete absence) of an allele in the study

group as compared with normal endometrial stro-
mal cell DNA control from the same individual
[34,43]. A more than 2-fold change in the relative
intensity of alleles in tumor as compared with nor-
mal DNA was considered as positive for LOH. When
the genetic material from a control focus was ho-
mozygous (showing a single band) for a polymor-
phic marker, the sample was considered noninfor-
mative (Ni). In contrast, samples were informative
if a sample contained heterozygous genetic material
for the defined polymorphic marker, and in such
circumstances, its DNA showed either no allelic
deletion (normal retention of heterozygosity, [NR])
or showed absence of 1 allele (LOH) [46]. The con-
cordant allelic loss pattern in EmGD, serous EIC,
and/or UPSC in a single case was considered to be
compatible with a monoclonal origin of the lesions.
In contrast, different patterns of allelic loss are com-
patible with independent origins of these lesions.
Nonevaluable samples (NE) were defined as sam-
ples with inadequate DNA for LOH analysis. Statis-
tical analysis was performed with use of the two-
tailed Fisher’s Exact Test and/or Chi-square test. A p
value < 0.05 was considered statistically significant. 

Results

We analyzed the frequency and the pattern of al-
lelic loss of multiple matched lesions from 19 cases
with serous EIC/UPSC or its putative precursor le-
sions with 7 polymorphic microsatellite markers on
chromosomes 1p32.1-32.2, 2p16, 5q22-23, 17p, and
17q (Table 2). From the 19 cases, a total of 123 mi-
crodissected foci was analyzed. Of those, there were
25 samples of endometrial stroma from benign areas,
18 RE, 35 EmGD, 18 serous EIC, and 19 UPSC. In ad-
dition, 5 RE from benign uteri were also dissected
and included in the RE group for analysis. Represen-
tative examples of LOH with multiple markers from
studied cases are illustrated in Figs. 2 and 3. 
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Table 2. Chromosomal Location, Probable Corresponding Genes, and Sequences 
of 7 Microsatellite Repeat Polymorphism Markers Used in LOH Analysis

Marker Location Gene Primer Sequence Reference

TP53 17p p53 TACAGGGATAGGTAGCCCGAG GGATTTGGGCTCTTTTGTAA Niederacher [7] 1998
D1S211 1p32.2 Unknown AGC TAC ATG GCA GGA TCA GA GGA TTC CTT GCT CTG GAA AG GDB*
D1S162 1p32.1 Unknown ATA AGG GGA ACA GGT CTG GG GGG GGA AGA AGT CCG AGT AG Arlt [18] 1996
D17S1323 17q21 BRCA-1 TAGGAGATGGATTATTGGTG AAGCAACTTTGCAATGAGTG Caduff [20] 1998
D17S1330 17q25 CTT-16 TGGCTAGTGGACAAAGTGGT GGGAACAAATAATGAACAAAA Caduff [20] 1998
D5S346 5q22-23 APC TACTCACTCTAGTGATAAATCGG TTCAGGGAATTGAGAGTTACAG Jass [44] 2003
D2S123 2p16 hMSH-2 AAACAGGATGCCTGCCTTTA GGACTTTCCACCTATGGGAC Peiro [45] 2002

GDB* website http://www-genome.wi.mit.edu.

 © 2004 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at UNIV ARIZONA LIBRARY on January 10, 2008 http://ijs.sagepub.comDownloaded from 

http://ijs.sagepub.com


324 International Journal of Surgical Pathology Vol. 12 No. 4 October 2004

Fig. 2. Concordant LOH at TP53 in EmGD, serous EIC, and UPSC from case 4. Upper
panel shows histologic examples of resting endometrium (RE), EmGD, serous EIC, and
UPSC. Lower panel shows loss of lower allele in EmGD (lane 3), serous EIC (lane 4), and
UPSC (lane 5). Lane 1 and 2 represent endometrial stroma and RE, respectively. 

Fig. 3. Representative gels showing LOH from selected cases (numbers in parentheses)
with different microsatellite markers (headings of each gel). C means resting en-
dometrium control. Top left gel shows a concordant pattern of LOH from case 15 with
marker D1S211: Lane 1 = EmGD1, 2 = EmGD2, 3 = Serous EIC1, 4 = Serous EIC2, and
5 = UPSC1. Top right gel shows loss of an upper allele from case 13 with marker D1S162:
Lane 1 = EmGD1, 2 = EmGD2, 3 = Serous EIC2 (Serous EIC1 and UPSC samples were
run in a separate gel, not shown here). Lower left gel shows loss of an lower allele at
lane 1 (EmGD2) and normal retention at lane 2 (Serous EIC1) from case 11 with marker
D17S1323. Lower middle gel shows that EmGD1 from case 7 lost 1 lower allele with
marker D17S1330. Lower right gel shows an example of discordant LOH pattern from
case 3 with marker D2S123: Lane 1 = EmGD2, 2 = EmGD3, and 3 = UPSC1. 
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Samples of case 12 were either noninformative or
nonevaluable. No noninformative and nonevaluable
samples were included in the statistical analysis. 

Comparison of LOH Frequencies in
Resting Endometrium, EmGD, Serous EIC,
and UPSC

Tables 3 and 4 summarize the LOH identified in
all foci of RE, EmGD, serous EIC, and UPSC among
the 18 informative cases. Overall, the lesions of
EmGD, serous EIC, and UPSC had at least 1 LOH in
all the markers analyzed. This was in contrast to the
RE, which showed only 1 LOH in 1 (TP53) of the 7
microsatellite markers (p < 0.05). Endometrial stro-
mal cell controls of informative cases did not show
any LOH in the 7 markers (data not shown). In gen-
eral, within each case, the lesion foci of EmGD,
serous EIC, and UPSC contained more LOH than
the corresponding RE did. When we arranged the
frequency of LOH from top to bottom among the 7
markers, the top 4 markers (LOH frequency > 16%)
were almost always TP53 (17p), D1S162 (1p),
D1S211 (1p), and D2S123 (2p) in all endometrial
lesions analyzed (Table 4). The lowest LOH fre-
quency (< 10%) was found with markers of D5S346
(5q) and D17S1330 (17q). Individually, LOH fre-
quency in EmGD was 31.3% with TP53, 26.7%
with D1S162, 18.5% with D1S211, 9.5% with
D17S1323, 7.1% with D17S1330, 4.2% with
D5S346, and 16.7% with D2S123. The frequency of
LOH in matched serous EIC was 78.6% with TP53,
50% with D1S162, 33.3% with D1S211, 27.3%
with D17S1323, 12.5% with D17S1330, 5.9% with
D5S346, and 30.8% with D2S123. The LOH in cor-
responding UPSC areas was 62.5% with TP53,
47.4% with D1S162, 46.7% with D1S211, 28.6%
with D17S1323, 8.3% with D17S1330, 7.7% with
D5S346, and 23.1% with D2S123. In comparison
with serous EIC and/or UPSC, a significantly lower
LOH frequency was seen in EmGDs at locus of TP53
(p < 0.05) (Table 4). No significant statistical differ-
ence of LOH frequencies was observed among the 3
categories of lesions (p > 0.05) at the remaining
marker loci analyzed in this study (Table 4). 

LOH was identified in EmGD but not in either
serous EIC or UPSC foci in 2 cases (case 11 at
D17S1323 and case 10 at D5S346). In contrast, 6
cases (cases 3, 11, 14, and 17–19) showed LOH in at
least 1 genetic marker in either serous EIC or UPSC,
but not in its matched EmGD lesions. For example,
case 19 showed LOH in UPSC foci at both chromo-
some 1p loci (D1S211 and D1S162) that was not
recognized in corresponding EmGD lesions from the
same uterus. 

LOH Pattern Analysis in EmGD,
Serous EIC, and UPSC

LOH with marker TP53 was found in 10 of the 18
informative cases. Among the 10 cases, 8 showed
that LOH was present in at least 2 of the 3 lesions
(EmGD, serous EIC, and UPSC) in the same uterus.
An identical pattern of the LOH with TP53 was ob-
served at least in 1 set of the paired lesions (com-
pared EmGD with either serous EIC or with UPSC)
in 5 (62.5%) of the 8 cases (Cases 4, 10, 11, 14,
and 18). In case 4, loss of lower allele of TP53 was
found in 1 of the 4 EmGDs, 2 of the 3 serous EICs,
and all 2 UPSC foci (Table 3, Fig. 2). Discordant al-
lelic loss at TP53 locus was found in 3 (37.5%)
cases (cases 13, 17, and 19). In case 13, EmGD
showed loss of upper allele, while 1 serous EIC and
1 UPSC focus showed loss of upper allele (Table 3).
The opposite patterns of LOH were seen in cases 17
and 19 (Table 3). 

In addition to marker TP53, multiple samples of
concordant LOH were seen in cases 3, 4, and 10
with marker D1S162; cases 11, 14, 15, and 17 with
marker D1S211; and case 13 with markers D1S211,
D1S162 and D17S1323 (Table 3). In contrast, dis-
cordant allelic loss at D2S123 locus was present in
only 1 additional case (case 5), which showed loss
of lower allele in EmGD, but upper allele in
matched serous EIC foci. Therefore, 4 additional
cases (cases 3, 13, 15, and 17) with concordant LOH
and 1 case (case 5) with discordant LOH were found
in the markers other than TP53 when we compared
the patterns of LOH between EmGD and serous EIC
or UPSC (Table 3). Overall, the number of concor-
dant LOH (9 of 13, 69.2%) was significantly higher
than the number of discordant LOH (4 of 13,
30.8%) (p = 0.05). 

No LOH pattern analysis was performed with
markers D17S1330, D5S346, and D2S123 because
only a few sporadic LOH were detected. 

LOH Without Specific Patterns 

Among the 18 informative cases, 12 had more
than 1 focus of EmGD in the same uterus. Of the 12
cases, 3 showed more than 1 LOH in a single marker
locus analyzed (cases 3, 4, and 14). The cases 3 and
4 showed that 2 EmGDs had identical loss of lower
allele pattern at marker D1S162, while the 2
EmGDs in case 14 showed 1 loss of lower allele and
the other loss of upper allele at marker TP53. Of in-
terest, 1 atrophic endometrium showed a single
sporadic LOH at TP53 locus (case 13). 
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Table 3. Summary of Allelic Loss Patterns in All LCM-Dissected Areas from 19 Selected Cases 

Case No. LCM Areas TP53 D1S211 D1S162 D17S1323 D17S1330 D5S346 D2S123

01 AE NR NR NR NE NR NR NR
EmGD NR 1 NR NE NR NR 1

02 WPE Ni Ni NR NE NR NR Ni
Ser EIC Ni Ni NR NE NR NR Ni

03 WPE NR NR NR NE NR NR NR
EmGD1 NR NR NR NE NR NR NR
EmGD2 NR NR 1 NE NR NR 2
EmGD3 NR NR 1 NE NR NR NR
UPSC1 NR NR NR NE NR NR 1
UPSC2 NR 1 1 NE NR NR 1

04 AE NR NR NR NR NR NR NR
EmGD1 NR Ni 1 NE NR NR NR
EmGD2 NR Ni NR NE NR NR NR
EmGD3 NR NR NR NR NR NR NR
EmGD4 2 NR 1 1 NR NR NR
Ser EIC1 1 Ni 1 NE NR NR NR
Ser EIC2 2 1 NR NR NR NR 1
Ser EIC3 2 NR 2 1 NR NR NR
UPSC1 2 1 1 NR NR NR 1
UPSC2 2 NR 2 1 1 NR NR

05 PE NR NR Ni NE NR NR NR
EmGD NR NR Ni NE NR NR 2
Ser EIC1 1 NR Ni NE NR NR 2
Ser EIC2 1 NR Ni NE NR 2 1
Ser EIC3 1 NR Ni NE NR NR 1

06 WPE NR Ni NR NE Ni NR NR
UPSC NR Ni NR NE Ni NR NR

07 AE NR NR NR NE NR Ni NR
EmGD1 1 NR NR NE 1 Ni 1
EmGD2 NR NR 1 NE NR Ni NR

08 PE NR NR NR NE NR NR NR
EmGD NR NR NR NE NR NR NR
UPSC NR NR NR NE NR NR NR

09 WPE Ni Ni NR NE NR NR NR
EmGD Ni Ni NR NE NR NR NR
Ser EIC Ni Ni NR NE NR NR NR
UPSC Ni Ni NR NE NR NR NR

10 WPE NR Ni NR Ni Ni NR NR
EmGD1 NR Ni NR Ni Ni NR NR
EmGD2 NR Ni NR Ni Ni NR NR
EmGD3 2 Ni 1 Ni Ni 2 NR
UPSC1 2 Ni 1 Ni Ni NR NR
UPSC2 2 Ni NR Ni Ni NR NR

11 PE NR NR NR NR NR NR Ni
EmGD1 1 2 NR NR NR NR Ni
EmGD2 NR NR NR 2 NR NR Ni
Ser EIC1 1 2 NR NR 1 NR Ni
Ser EIC2 NR NR 1 NR NR NR Ni

12 WPE Ni NR Ni NE Ni NR Ni
EmGD1 Ni NR Ni NE Ni NR Ni
EmGD2 Ni NR Ni NE Ni NR Ni

13 AE 1 NR NR NR NR NR NR
EmGD1 NR 1 NR NR 1 NR NR
EmGD2 1 NR 1 NR NR NR NR
Ser EIC1 NR 1 NR 1 NR NR NR
Ser EIC2 2 NR 1 NR NR NR NR
UPSC1 NR NR 1 NR NR NR NR
UPSC2 2 1 NR 1 NR 1 2

14 WPE NR NR NR NR NR Ni NR
EmGD1 NR NR NR NR NR Ni NR
EmGD2 1 1 NR NR NR Ni NR
EmGD3 NR NR NR NR NR Ni NR
EmGD4 NR NR NR NR NR Ni NR
EmGD5 2 NR NR NR NR Ni NR
UPSC1 1 1 2 NR NR Ni NR
UPSC2 NR NR NR NR NR Ni NR

15 AE Ni NR NR NR Ni NR NR
EmGD1 Ni NR NR NR Ni NR NR
EmGD2 Ni 2 NR NR Ni NR NR
Ser EIC1 Ni 2 1 2 Ni NR NR
Ser EIC2 Ni NR NR NR Ni NR NR
UPSC1 Ni 2 1 NR Ni NR NR
UPSC2 Ni 2 NR 1 Ni NR NR

(continued)
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Summary of LOH in Foci of EmGD,
Serous EIC, and UPSC

LOH was observed for at least 1 of the 7 polymor-
phic DNA markers in all categories of lesions:
EmGD, serous EIC, and UPSC, in this study (Table
4). The frequency of LOH for EmGD for the 7 mark-
ers ranged from 4.2% to 31.3%; the range for

serous EIC was 5.9% to 78.6%; and that for UPSC
was 7.7% to 62.5%. The most frequent LOH in the
3 above-cited categories of lesions was identified at
17p (TP53) and 1p (D1S162). The frequency of LOH
in EmGD with markers of TP53 and D1S162 was
significantly higher than in RE (p < 0.05). With
markers of D1S211 and D2S123, LOH in EmGD was
higher than in RE, approaching a statistically signif-
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Table 3. Summary of Allelic Loss Patterns in All LCM-Dissected Areas from 19 Selected Cases (continued)

Case No. LCM Areas TP53 D1S211 D1S162 D17S1323 D17S1330 D5S346 D2S123

16 PE NR Ni Ni NR NR NR NR
EmGD1 NR Ni Ni NR NR NR NR
EmGD2 NR Ni Ni NR NR NR NR

17 WPE NR NR NR NR NR Ni NR
EmGD1 2 NR 1 NR NR Ni NR
EmGD2 NR NR NR NR NR Ni NR
Ser EIC 1 NR 1 NR NR Ni NR
UPSC1 1 NR NR 2 NR Ni NR
UPSC2 1 NR 1 2 NR Ni NR

18 AE NR NR Ni NR NR NR NR
EmGD1 NR NR Ni NR NR NR NR
EmGD2 2 NR Ni NR NR NR NR
Ser EIC1 NR NR Ni NR NR NR NR
Ser EIC2 1 NR Ni NR 1 NR NR
Ser EIC3 2 NR Ni NR NR NR NR

19 WPE1 NR NR NR NR Ni NR Ni
EmGD1 2 NR NR NR Ni NR Ni
EmGD2 NR NR NR NR Ni NR Ni
UPSC1 1 NR 2 NR Ni NR Ni
UPSC2 1 1 NR NR Ni NR Ni

AE: atrophic endometrium; WPE: weakly proliferative endometrium; PE: proliferative endometrium; EmGD: endometrial glandular
dysplasia; Ser EIC: serous endometrial intraepithelial carcinoma; UPSC: uterine papillary serous carcinoma. 1: loss of upper allele; 2: loss
of lower allele; NR: normal retention of heterozygosity; Ni: noninformative; NE: not evaluable.

Table 4. Frequencies of LOH in Foci of Resting Endometrium, EmGD, 
Serous EIC, and UPSC in 18 Informative Cases

Endometrium TP53 D1S211 D1S162 D17S1323† D17S1330 D5S346 D2S123

RE (n=23*) # IC 20 18 20 21 18 19 18
# LOH 1 0 0 0 0 0 0
% LOH 5.0 0 0 0 0 0 0

EmGD (n=35) # IC 32 27 30 30 28 24 24
# LOH 10 5 8 2 2 1 4
% LOH 31.3 18.5 26.7 9.5 7.1 4.2 16.7
p1 value 0.024 0.053 0.012 0.366 0.246 0.142 0.069

Ser EIC (n=18) # IC 14 15 12 17 16 17 13
# LOH 11 5 6 3 2 1 4
% LOH 78.6 33.3 50 27.3 12.5 5.9 30.8
p2 value 0.003 0.280 0.147 0.189 0.552 0.802 0.302

UPSC (n=19) # IC 16 15 19 15 12 13 13
# LOH 10 7 9 2 1 1 3
% LOH 62.5 46.7 47.4 28.6 8.3 7.7 23.1
p2 value 0.038 0.053 0.138 0.416 0.896 0.651 0.603

RE: resting endometrium; EmGD: endometrial glandular dysplasia; Ser EIC: serous endometrial intraepithelial carcinoma; UPSC: uter-
ine papillary serous carcinoma.

*The RE included 18 informative cases and 5 benign uteri without dysplasia or cancer. †The total areas available for analysis with
marker D17S1323 is less than the other markers because many of the DNA samples were not sufficient for analysis. We obtained a total
of 10 RE, 26 EmGDs, 12 serous EICs, and 14 UPSCs for D17S1323 analysis. 

Number of informative cases (IC) or positive LOH areas in targeted endometrium for each marker are listed as # IC and # LOH re-
spectively. Percentage of positive LOH (% LOH) is determined by number of positive LOH areas out of total number of informative ar-
eas. The p value is determined by Fisher’s and Chi-squared test. The p1 value was derived from the comparison between EmGD and RE,
while p2 was from the comparisons of either serous EIC or UPSC with EmGD.
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icant level (p = 0.053 and 0.069, respectively).
Compared with foci of serous EIC and UPSC, how-
ever, the rate of LOH in EmGD was significantly
lower only with TP53 locus (31.3% vs more than
60%, p < 0.05). The difference of LOH frequency
with other chromosomal markers between EmGD
and serous EIC/UPSC did not reach a statistically
significant level. A significantly high concordant
LOH pattern was found between foci of EmGD and
serous EIC/UPSC (p = 0.05). 

Discussion

The dualistic model of endometrial carcinogene-
sis proposes 2 pathways that differ in regard to epi-
demiologic risk factors: histopathologic features and
molecular alterations [27]. The “classic” pathway,
typically for UEC, is proposed for those indolent tu-
mors developed in an estrogen-rich environment,
while the alternative pathway, typically for UPSC, is
designed to interpret those aggressive tumors that
are not particularly associated with estrogen stimu-
lation. The recent morphologic recognition of
EmGD in postmenopausal women has further sup-
ported the current concept of dualistic pathways in
endometrial carcinogenesis. 

In this study, we attempted to identify molecular
changes of EmGD as part of our efforts to examine
whether EmGD shows features compatible with a
precursor of UPSC. We studied the level of LOH in
matched tissues samples of benign RE, EmGD, serous
EIC, and UPSC. We selected 7 polymorphic markers
in chromosome regions of 1p, 2p, 5q, 17p, and 17q.
These chromosomal regions are frequently altered in
endometrial cancers, particularly in UPSC according
to previous studies [13,14,17,18,20,23–26]. LCM
was employed to ensure tissue purity in excess of
95%, optimizing the likelihood of successful analy-
sis in routinely formalin-fixed, paraffin embedded
tissues. All EmGD foci showed at least 1 LOH in all
7 markers, and approximately one third of EmGD
showed LOH at TP53 locus, which was significantly
higher than matched benign RE samples. This ob-
servation suggests that morphologically identified
EmGD is not just simply a morphologic entity but
represents a lesion that has undergone neoplastic
transformation. 

The frequency of LOH in EmGD tended to be high
in chromosomal regions of 17p and 1p, but the rate
of LOH in other chromosomal regions (2p, 5q, and
17q) was apparently low. As shown previously, al-
terations of chromosomal regions of 17p and 1p are
more commonly associated with UPSC, while alter-
ations of 2p and 5q are more commonly associated
with UEC. The findings suggest that molecular

changes of EmGD are more compatible to UPSC tu-
morigenesis. The most frequent regions of LOH in
EmGD was identified at 17p (31.3%) and 1p
(22.8% for combined D1S211 and D1S162), which
was also the most frequent regions of LOH identi-
fied in serous EIC (78.6% and 40.7%) and UPSC
(62.5% and 47.1%, respectively). This is consistent
with previous findings of frequent LOH on chromo-
some 17p and 1p in serous EIC and UPSC
[13,17,18,20,47]. The findings suggest that alter-
ations of these chromosomal arms may be impor-
tant for the initiation and progression of UPSC. The
tumor suppressor gene p53 is known to be located
in chromosome 17p [48]. It is also well demon-
strated that p53 gene alteration is commonly seen
in serous EIC and UPSC [12–14]. LOH at TP53 is
conceptually different from p53 gene mutation.
However, the high TP53 LOH rate in combination
with high rate of p53 overexpression by immuno-
histochemistry (IHC) [39] further suggests that al-
teration of p53 gene is likely present in EmGD, al-
though a definitive gene mutation analysis is
needed to confirm the statement. 

The hypothetical multistep model of carcinogen-
esis as applied to many organ systems has led to
explosive studies of precursor lesions. Morpho-
logic recognition of precursors as well as their mol-
ecular changes by LOH studies at multiple chro-
mosomal loci have been reported in many organ
systems. These include prostate intraepithelial
neoplasia [34], testicular intraepithelial neoplasia
[49], breast duct carcinoma in situ [36], pancreatic
intraepithelial neoplasia [50], and cervical intraep-
ithelial neoplasia [51], and others. A significant
number of LOH at multiple chromosomal loci in
lesions of EmGD has also been demonstrated in
this study. Strikingly similar, but significantly less
in frequency, LOH patterns at multiple chromoso-
mal loci were present in EmGD lesions compared
with serous EIC and/or UPSC, strongly suggesting
that a monoclonal expansion of a neoplastic cell in
EmGD may be at least partially responsible for sub-
sequent development of UPSC or possibly through
serous EIC. If the multistep model of carcinogene-
sis is applied to UPSC development, EmGD may
most likely be an earliest morphologically identifi-
able entity representing a putative precursor lesion
of UPSC.

The extent of genetic alteration and heterogene-
ity was remarkably similar in serous EIC and UPSC,
which is consistent with previous observations us-
ing these and other methods [13,14,17,18]. We ob-
served very similar LOH in all the chromosomal loci
in the matched cases with foci of serous EIC and
UPSC (Table 3), suggesting that they are closely
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linked genetically. The overall frequency of numeric
chromosomal anomalies in serous EIC and UPSC
was also strikingly similar (more than 60% at TP53
and 50% vs 47.4% at D1S162, etc., Table 4), sug-
gesting a similar underlying pathogenesis for these
2 lesions. In agreement with our morphologic study
in our accompanying paper [39], the molecular
findings further support that serous EIC may repre-
sent an early form of UPSC instead of a true nonin-
vasive precursor lesion of UPSC [12,52]. 

Recently a few cases of UPSC with alteration of
BRCA-1 gene, particularly with germline muta-
tions, have been reported [22,53]. Up to 18%
LOH for BRCA-1 at 17q21 regions was seen in
sporadic endometrial cancer [7]. LOH at 17q21 re-
gion (D17S1323) was detected in 9.5% EmGD, in
27% serous EIC, and in 29% UPSC foci in this
study. It is known that many endometrial cancers,
mainly UECs, have defective DNA mismatch re-
pair genes [54], namely, hMSH-2. In the current
study, we unexpectedly found that LOH at 2p16
region (D2S123, including hMSH-2 gene) was
17% in EmGD, 31% in serous EIC, and 23% in
UPSC. However, the significance of these chromo-
somal regions in the development of UPSC re-
mains to be clarified. Larger studies with BRCA-1
mutation analysis and studies particularly de-
signed for multiple DNA mismatch repair genes in
UPSC and its precursor lesions may provide better
clues in terms of the roles of these genes in the de-
velopment of UPSC. 

In summary, it seems likely, from our morpho-
logic [55] and molecular studies, that EmGD rep-
resents a precursor of UPSC, although the clinical
significance of EmGD remains unclear. It is hoped
that further systematic retrospective as well as
prospective studies with associated clinical follow-
up information may permit the extension and
modification of the concept we proposed in these
EmGD studies and that the future advances may
lead to improved pathologic diagnosis and clinical
management. 
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