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Clinicopathological studies support a broad classification of endometrial carcinoma into two major types,
designated as type I and type II, which correlate with their biological behavior. More recently, molecular studies
have provided further insights into this classification scheme by elucidating the genetic events involved in the
development and progression of endometrial carcinoma. Microsatellite instability and mutations in the PTEN
gene have been widely associated with type I (endometrioid) endometrial carcinoma, while p53 mutations have
been identified in the majority of type II endometrial carcinoma, of which uterine serous carcinoma is the
prototype. Uterine clear cell carcinoma (UCC) is an uncommon variant of endometrial carcinoma, and
clinicopathological studies have produced conflicting results regarding its biological behavior with 5-year
survival ranging from 21 to 75%. The molecular characteristics of endometrioid and serous carcinoma have
been studied extensively; however, there have been few molecular genetic studies of the clear cell subtype. In
this study, we evaluated 16 UCCs (11 pure and 5 mixed) for mutations in the p53 gene, PTEN gene and for
microsatellite instability. Although we found that these alterations were uncommon in pure clear cell
carcinomas, all three were identified. In addition, two cases of mixed serous and clear cell carcinoma showed
an identical mutation of the p53 gene in the histologically distinct components and one case of mixed clear cell
and endometrioid carcinoma had identical mutations in the PTEN and p53 genes, and microsatellite instability
in both components. Our data suggest that UCC represent a heterogeneous group of tumors that arise via
different pathogenetic pathways. Additional molecular studies of pure clear cell carcinoma are required to
further elucidate the genetic pathways involved in its development and progression.
Modern Pathology (2004) 17, 530–537, advance online publication, 20 February 2004; doi:10.1038/modpathol.3800057

Keywords: uterine clear cell carcinoma; PTEN mutation; microsatellite instability; p53 mutation

Clear cell carcinoma of the endometrium has been
recognized as a distinct, but uncommon, histologic
variant accounting for only 1–5% of all endometrial
adenocarcinoma. The proposed dualistic model
of endometrial carcinoma pathogenesis, of which
uterine endometrioid carcinoma (UEC) and
uterine serous carcinoma (USC) are prototypic
examples, is based on clinicopathologic differences
between the two tumor subtypes1 and supported
by immunohistochemical and molecular genetic
studies.2–4 Type I tumors are thought to arise in
the setting of estrogenic stimulation and are

endometrioid in histology, while type II tumors
are unrelated to estrogen exposure, arising in a
background of atrophy and often serous in histology.
The most common genetic alterations in UEC
are PTEN mutations (30–50%)5 and microsatellite
instability (MI) (20%),6–8 while in USC mutations
of the p53 gene are found in approximately 90%
of cases.3,9,10

Recent immunohistochemical studies using p53,
Ki67, estrogen and progesterone receptors per-
formed on uterine clear cell carcinoma (UCC) have
suggested differences in the molecular events that
underlie the pathogenesis of this subtype.11 To date,
the molecular characteristics of UCC have not been
studied and the pathogenetic pathway of this tumor
type is unclear. In the current study, we analyzed a
series of UCC for PTEN and p53 gene mutations and
MI to determine its relationship, if any, to the two
most common histologic types of endometrial
carcinoma.
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Materials and methods

Clinical Specimens

A total of 16 cases of clear cell carcinoma of the
endometrium, including 11 pure UCC, two cases of
mixed UCC/ UEC, two cases of mixed UCC/ USC
and one case of malignant mesodermal mixed tumor
(MMMT) with a UCC component, were selected
from the surgical pathology files of the New York
Presbyterian Hospital-Cornell Medical Center from
1979 to 1999. Of the 16 cases, 14 were hysterectomy
specimens, nine of which also included previous
endometrial curettage specimens. Two cases (cases 1
and 3) were curettage specimens alone.

DNA Extraction

DNA was extracted from paraffin-embedded paired
normal and tumor tissue using microdissection. In
the mixed cases, each histologically distinct compo-
nent was separately microdissected. All cases were
microdissected to ensure greater than 85% tumor
cells.

Sequence Analysis of PTEN and p53 Genes

Extracted tumor DNA was analyzed for mutations
in the PTEN and p53 gene using exon-specific
polymerase chain reaction (PCR) amplification and
direct DNA sequencing. All cases were assayed for
intragenic mutations in exons 3, 4, 5, 7 and 8 of the
PTEN gene and in exons 5, 6, 7 and 8 of the p53
gene. A volume of 3–6 ml of PCR product was
purified by an enzymatic method, and submitted
for direct DNA sequence analysis using the Thermo-
Sequenase Kit (Amersham Life Science, Cleveland,
OH, USA) with the incorporation of 33P-labeled
dideoxynucleotides. The radiolabeled PCR products
were fractionated by electrophoresis on a denaturing
6% polyacrylamide gel and visualized by autoradio-
graphy. All cases with mutations were re-amplified
and re-sequenced to ensure reproducibility.

Microsatellite Instability Analysis

Microsatellite instability (MI) was analyzed in
paired normal and tumor tissue using eight micro-
satellite loci on four different chromosomes. Seven
anonymous dinucleotide microsatellite loci
(D2S119, D2S123, D2S147, D10S197, D13S175,
D18S58 and D18S69) and one mononucleotide
microsatellite locus (Bat 26) were analyzed. Radio-
labeled [32P]PCR products were visualized following
electrophoretic fractionation on 6% polyacryla-
mide/8M urea gels by autoradiography. The tumors
were determined to be MI-positive when an electro-
phoretic shift of the PCR product, compared with
that of normal tissue DNA, was detected in at least
two of the loci.

Immunohistochemical Expression of p53 Protein

p53 protein was detected immunohistochemically
using a mouse p53 monoclonal antibody (clone
1801, BioGenex, San Ramon, CA, USA) at a dilution
of 1:150 with a 50-min incubation at room tempera-
ture on a TechMate 500 automated stainer (Ventana,
Tucson, AZ, USA). The p53 staining was scored
based on the intensity of nuclear staining and
number of cells stained according to a subjective
grading system. The staining intensity was divided
into four categories 0¼negative, 1¼weakly: posi-
tive, 2¼moderately positive and 3¼ strongly posi-
tive. The quantity of cells stained was scored as:
0¼no staining, 1¼ 1–10%, 2¼ 11–50%, 3¼ 51–80%
and 4¼481% tumor nuclei stained. An immun-
oreactive score was rendered as a product of
the scores obtained for staining intensity and
quantity. A total score of 0 was considered negative,
1–3: weak, 4–7: moderate and 8–12: strong immuno-
reactivity.

Results

PTEN Sequence Analysis

Two of 16 UCC (cases 1 and 3) could not be
completely analyzed because there was insufficient
DNA available to accomplish PCR amplification of
the five exons. PTEN gene mutations (Table 1) were
identified in three of 14 (21%) UCC. Of the three
mutation-positive tumors, two were pure UCC and
one case (case 10) was mixed UCC/ UEC. Of the two
pure UCC with PTEN mutations, one (case 2)
demonstrated a missense mutation, which was a G
to A transition at codon 307, resulting in a glutamic
acid to lysine substitution that was not present in
matched normal DNA (Figure 1a). The other pure
UCC (case 4) showed a frame-shift mutation caused
by the deletion of one A at codon 322 in exon 8.
In the mixed UCC/ UEC (case 10), both morpho-
logic components had identical nonsense mutation
resulting from a C to T transition at codon 233
(Figure 1b).

Table 1 PTEN mutation analysis

Case PTEN Mutation

Exon (codon) Type

2 UCC Ex 8 (307) Missense: GAG – AAG (Glu–Lys)
4 UCC Ex 8 (322) Frameshift (A deletion)
10 UCC Ex 7 (233) Nonsense: CGA–TGA (Arg–stop)

UEC Ex 7 (233) Nonsense: CGA–TGA (Arg–stop)

UCC, uterine clear cell carcinoma; UEC, uterine endometrioid
carcinoma.
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Microsatellite Instability

Of 16 UCC, 14 were available for MI analysis; two
cases (cases 1 and 3) did not have paired normal
tissue (Table 2). All cases were informative at six or
more microsatellite loci. MI phenotype was identi-
fied in two of 14 (14%) cases, one pure UCC and the
other a mixed UCC/ UEC (Figures 2a and 2b). Both
cases showed shifts at seven of eight microsatellite
loci. Additionally, we found loss of heterozygosity
(LOH) in several microsatellite loci in four cases. In
one case of mixed UCC/USC, LOH was shown at
different loci in the two different components
(Figure 2c).

p53 Immunohistochemical Analysis

Strong nuclear expression of p53 protein in the
majority of tumor cells was identified in five cases:
one of 11 pure UCC, both mixed UCC/ USC cases,
one of two mixed UCC/ UEC cases (Figures 3a–d)
and the UCC/ MMMTcase (Table 3). Only one mixed
case had a low immunoreactive score: negative
immunoreactivity in the UCC component and weak
immunoreactivity in the UEC component. Six pure

UCC cases showed weak to moderate staining, and
four pure UCC cases were negative.

p53 Sequence Analysis

p53 gene mutations were identified in one of 11
(9%) pure UCC, two mixed UCC/ USC (Figure 4a), 1
mixed UCC/ UEC (Figure 4b) and one mixed UCC/
MMMT (Table 3). Both morphologic components of
each of the mixed carcinomas showed the same p53
mutation. Of five mutations, three (cases 9, 10, 14)
occurred at CpG dinucleotides ‘hot spots’ of the p53
gene. In the other two remaining cases, one (case 5)
showed a missense mutation (T to G transversion) at
codon 197, resulting in valine to glycine amino-acid
substitution and the other (case 6) was an in-frame
deletion of 16 bp with a 1 bp insertion from codon
290 to 295 of exon 8. One pure UCC (case 15)
showed a silent A to G transition at codon 213,
which was present in the matched normal tissue.
All cases with a mutation demonstrated moderate to
strong expression of p53 by immunohistochemical
staining. Only one case showing strong p53-immu-
noreactivity (case 1) did not contain a p53 mutation
in the exons examined.

Figure 1 PTEN sequence analysis. (a) PTEN exon 8 sequence analysis (antisense ) in case 2 shows a missense mutation (G to A transition)
resulting in glutamic acid (GAG) to lysine (AAG) substitution (arrow), not present in wild-type sequence as demonstrated by case 6. (b)
PTEN exon 7 sequence analysis (antisense) in case 10 shows a nonsense mutation (C to T transition) resulting in stop codon (TGA) in
both UCC and UEC components (arrow) as compared to the wild-type sequence in case 9.

Table 2 Microsatellite instability summary

Case D2S119 D2S123 D2S147 D10S197 D13S175 D18S58 D18S69 B26

2 UCC + + + + � + + +
5 UCC � � NA � � � LOH �
6 UCC � � � � � LOH � �

USC � � LOH � � � � �
10 UCC � + + + + + + +

UEC � + + + + + + +
15 UCC NA � NA � � LOH � �
16 UCC

UT NA � � � � � � �
OM NA � � � LOH � � �

LOH, loss of heterozygosity; NA, not analyzed; UT, uterus; OM, omental metastasis.
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Discussion

The biological behavior of UCC has generated
controversy in the literature.12–23 It is generally
considered an aggressive tumor type similar to
serous carcinoma of the endometrium. However,
recent studies have suggested that it has a better
survival than USC.16,21 The dualistic model of
endometrial carcinogenesis, initially proposed on
the basis of clinicopathologic differences between
endometrioid and serous subtypes of endometrial
adenocarcinoma,1 has received wide support from
immunohistochemical and molecular studies.2,3,9

Clear cell carcinoma, although classified along with
serous adenocarcinoma due to their clinicopatholo-
gic similarities, has not been studied using mole-
cular techniques. In an attempt to understand the
molecular underpinnings and to refine our under-
standing of this tumor subtype, we undertook a
molecular study of UCC and evaluated 11 cases of
pure and five cases of mixed clear cell carcinoma of
the endometrium for mutations in the p53 and PTEN
genes and MI.

PTEN is a tumor suppressor gene located within
chromosomal region 10q23, initially identified on
the basis of LOH at chromosome 10q23 in a variety
of human tumors.24 This finding, along with the
observation that wild-type chromosome 10 sup-
presses the tumorigenicity of glioblastoma cells in

mice suggested the presence of a tumor suppressor
gene at this locus, subsequently identified and
cloned as the PTEN gene. PTEN mutations or
homozygous deletions have been identified in
multiple tumor types, including prostate, breast
and thyroid carcinoma.24 Tashiro et al5 evaluated
the presence of PTEN mutations in endometrial
carcinoma and found them to be present exclusively
in the endometrioid subtype. Clear cell carcinomas
were not evaluated in their study. Levine et al25

demonstrated PTEN mutations in complex atypical
hyperplasia and concluded that PTEN gene muta-
tions may be an early event in the pathogenesis of
endometrioid adenocarcinoma. It is rare to find
PTEN mutations in serous carcinoma2 and in one
recent study5 all six serous tumors lacked detectable
mutations in this gene. If clear cell carcinoma is
similar in its pathogenesis to serous carcinoma, that
is, type II, PTEN mutations would be expected to be
low in frequency in this subtype. Indeed, nearly
80% of the UCC did not exhibit a mutation in the
PTEN gene in our study. In the three cases with a
PTEN mutation, the patients were elderly and the
adjacent endometrium did not show evidence of
hyperplasia, clinical and pathologic findings more
often associated with a type II tumor. Two tumors
additionally showed MI. The sample size of the
tumors with PTENmutation is too small to draw any
significant conclusions, but do raise the possibility

Figure 2 Microsatellite analysis. (a) MI analysis of case 2 shows instability at Bat 26 but not at D13S175. (b) Microsatellite analysis of
case 10 shows instability at Bat 26 but not at D2S119 in both UCC and UEC components. (c) Microsatellite analysis of case 6 (mixed UCC,
USC) demonstrates LOH in the USC component at D2S147 and in the UCC component at D18S58.
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that a subset of UCC shares molecular pathways
of the typical type I endometrial carcinoma. It is
interesting to note that the tumor suppressor
function of the PTEN protein is postulated to
be derived from phosphatase catalytic domain
that is encoded on exon 5 of the gene, and
abnormalities in this region may be important for
loss of PTEN gene function. In the study by
Yaginuma et al,26 mutations in exon 5 were
noted in 36% of the endometrial carcinomas
studied with only one case with an abnormality

on exon 7; however, the histologic type was not
specified in their study. The two pure UCC cases
in our study showed a mutation involving exon
8 of the PTEN gene and in the single case of
mixed UCC/UEC, the mutation involved exon 7.
In this study, we chose to limit our analysis to
the five exons of the PTEN gene (exons 3,4,5,7
and 8) with the highest frequency of mutations.
In addition, we did not attempt to identify
homozygous and/or heterozygous deletions of the
PTEN gene.

Figure 3 p53 immunohistochemical staining in a case of mixed UEC/ UCC. (a) Focus of endometrioid adenocarcinoma with (b) weak
immunohistochemical expression of p53 contrasts with the (c) clear cell component showing (d) strong nuclear expression of p53
protein.
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Microsatellites are highly repetitive segments of
DNA consisting of 2–5 nucleotides located primarily
in the noncoding regions of the genome. MI was first
described in hereditary nonpolyposis colon can-
cer,27 where in the presence of mutations in the DNA
mismatch repair genes, the tumor DNA exhibits
novel microsatellite alleles. Previous studies have
demonstrated MI positivity in 17–25% of UEC.6–8 It
is rare to find MI in USC.28 Risinger et al29 analyzed

seven type II (serous or clear cell) for MI and were
unable to demonstrate the MI phenotype in any of
the tumors. In contrast, MI was identified in six
endometrioid endometrial adenocarcinoma in the
same study. Similarly, all 34 serous endometrial
adenocarcinoma evaluated for MI by Tashiro et al28

were found to be negative. The current study shows
MI positivity in two cases (14%) of UCC analyzed.
One case was a pure UCC and the other a mixed

Table 3 p53 immunohistochemical staining and mutation analysis

Case Histology p53 immunostaining p53 mutation analysis

Quantity Intensity Score Overall rating Exon (Codon) Type: nucleotide (aa) change

1 UCC 4 3 12 Strong WT
2 UCC 2 2 4 Moderate WT
3 UCC 2 2 4 Moderate WT
4 UCC 1 3 3 Weak WT
5 UCC 3 2 6 Moderate Ex 6 (197) MS: GTG–GGG (Val–Gly)
6 UCC 3 3 6 Moderate Ex 8 (290–295) F: 16 bp Del/1 bp In

USC 4 3 12 Strong Ex 8 (290–295) F: 16 bp Del/1 bp In
7 UCC 0 0 0 Negative WT
8 UCC 2 1 2 Weak WT
9 UCC 4 3 12 Strong Ex 8 (273) MS: CGT–TGT (Arg–Cys)

USC 4 3 12 Strong Ex 8 (273) MS: CGT–TGT (Arg–Cys)
10 UCC 3 3 9 Strong Ex 8 (270) MS:CGC–TGC (Arg–Cys)

UEC 3 2 6 Moderate Ex 8 (270) MS:CGC–TGC (Arg–Cys)

11 UCC 0 0 0 Negative WT
12 UCC 0 0 0 Negative WT

UEC 1 1 1 Weak WT
13 UCC 1 1 1 Weak WT
14 UCC 3 3 9 Strong Ex 7 (248) MS: CGG–TGG (Arg–Trp)

MCA 4 3 12 Strong Ex 7 (248) MS: CGG–TGG (Arg–Trp)
MSA 4 3 12 Strong Ex 7 (248) MS: CGG–TGG (Arg–Trp)

15 UCC 0 0 0 Negative Polymorphism: CGA–CGG (Arg–Arg)
16 UCC 0 0 0 Negative WT

UCC, clear cell carcinoma; USC, serous carcinoma; UEC, endometrioid carcinoma; MCA, carcinomatous component of MMMT; MSA,
sarcomatous component of MMMT; WT, wild type; MS, missense; F, frameshift; Del, deletion; In, insertion.

Table 4 Clinical and molecular genetic summary

Case Age (years) Adjacent endometrium Clinical stage MI PTEN mutation p53 mutation

1 UCC 83 NA NA NA NA �
2 UCC 70 Weakly PE 1A + + �
3 UCC 68 NA NA NA NA �
4 UCC 67 Atrophic 3A � + �
5 UCC 80 Atrophic 1B � � +
6 UCC 77 EIC/tumor 2B � � +

USC � � +
7 UCC 68 Atrophic 3A � � �
8 UCC 56 Atrophic 1B � � �
9 UCC 70 EIC/atrophic 1A � � +

USC � � +
10 UCC 54 Atrophic 1B + + +

UEC + + +
11 UCC 74 Atrophic 2B � � �
12 UCC 33 CAH 3A � � �

UEC � � �
13 UCC 68 Atrophic 2B � � �
14 UCC 84 EIC/atrophic 3A � � +

MCA � � +
MSA � � +

15 UCC 74 Weakly PE 2B � � �
16 UCC 80 Atrophic 3A � � �
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UCC/UEC. In addition, both the tumors with MI
showed PTEN mutations: one missense and one
nonsense mutation. There is no known morphologic
precursor of UCC and therefore the relationship of
PTEN mutation to MI in the single pure case of UCC
is unclear.

Recent studies have demonstrated a significantly
higher incidence of p53 gene mutation in USC
compared to UEC.3,9,10 The presence of a mutation
is generally associated with strong and diffuse

immunohistochemical expression of the p53 pro-
tein. We found strong expression of p53 protein in
30% of the tumors, the majority being mixed type.
Our results are in agreement with those of Lax
et al,11 who found strong expression of p53 protein
in only 25% of UCC. Mutations in the p53 gene were
confirmed in four of the five cases with strong
immunohistochemical expression of p53 protein in
this study. Interestingly, p53 mutations were identi-
fied in only one (9%) of the pure UCC. This finding,
although limited by the small sample size, suggests
that the molecular pathways for UCC probably do
not involve p53 gene mutations with the same
frequency observed in USC (greater than 90%).
More cases of pure UCC need to be evaluated to
ascertain the true frequency of p53 mutations in
these tumors. The presence of identical mutations in
the UCC and non-UCC components of the mixed
tumors supports a monoclonal origin of the two
components and suggests that the morphological
divergence occurred after neoplastic transformation.
We considered the possibility of crosscontamination
during the microdissection procedure as a possible
reason for the presence of identical mutations in the
clear cell and the non-clear cell components of the
mixed tumors. In case 6, although identical muta-
tions in the p53 gene were identified (Table 3) in the
two components, different LOH patterns were noted
(Table 2). The UCC component showed LOH at the
locus D18S58, while the serous component had
LOH at locus D2S147. This clearly demonstrates the
integrity of the microdissection technique in our
study. Furthermore, it provides additional support
for the monoclonal origin of the two components and
suggests that the subsequent morphologic diver-
gence is associated with underlying genetic changes.

In the nine cases of pure UCC, only three cases
(33%) showed mutations in the genes tested or any
evidence of MI. These results suggest that in the
pure phenotype, there is genetic heterogeneity.
Sampling is always an issue and can account for
some of the genetic variability observed in our cases.
However, the difference in the prevalence of muta-
tions in the pure and the mixed type is notable (33
vs 80%), although the numbers are not large enough
to permit a statistical analysis. A review of the
histologic and clinical features of the three pure
cases that showed mutations did not reveal any
significant difference from those pure tumors that
lacked any detectable mutations (Table 4). It would
be interesting to see similar studies with molecular
analysis and clinical follow-up to determine if the
presence of these mutations has any prognostic
significance.

In conclusion, we have studied 16 cases of UCC of
the endometrium for mutations in PTEN gene, p53
gene and the presence of MI. Our results demon-
strate that the majority of pure UCC do not show
mutations in the two genes studied in this report. In
tumors with a mixed histologic appearance, our data
support a monoclonal origin for the clear cell and

Figure 4 p53 exon 8 sequence analysis. (a) p53 exon 8 sequence
analysis (antisense) in case 6 (mixed UCC/USC) demonstrates a
frameshift mutation (16bp deletion and 1bp insertion) from
codon 290 to 295 in both components; case 2 demonstrates wild-
type exon 8 sequence for comparison. (b) p53 exon 8 sequence
analysis (antisense) in case 10 (mixed UCC/UEC) demonstrates a
missense mutation (C to T transition), resulting in arginine (CGC)
to cysteine (TGC) substitution in both components.
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the non-clear cell components. This study, although
small, raises some important questions regarding the
pathogenesis of UCC and the need to separate pure
from mixed clear cell carcinomas in future clinico-
pathologic studies. As more studies on the mole-
cular mechanisms underlying this tumor are
revealed, we may be able to better understand the
pathogenesis of this tumor. The absence of muta-
tions in the PTEN gene and the p53 gene in the
majority of pure UCC should prompt a search for
additional genetic changes in this variant of en-
dometrial carcinoma, in order to further our under-
standing of its pathogenesis and biological behavior.
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