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Abstract

Purpose. Folate receptor alpha (FOLR1) is a membrane bound receptor involved in the transport of folate as well as other regulatory cellular
processes. The purpose of this study was to examine the expression of FOLR1 in uterine cancers and to identify changes in gene expression that
are associated with overexpression of FOLR1.

Experimental design. Fifty-eight frozen uterine cancer specimens were stained for FOLR1 using immunohistochemistry and results were
correlated with transcript expression noted on quantitative PCR. Total RNA from 16 cases of uterine serous carcinoma (USC) was analyzed for
gene expression using the Affymetrix HG-U133A and HG-U133B GeneChip set. USCs overexpressing FOLR1 were compared to cancers with an
absence of FOLR1 using binary comparison and template matching of data was used to identify genes that correlate with FOLR1 expression.
Selected targets from this analysis were evaluated by quantitative PCR as well as in an independent set of USC represented in quadruplicate on a
tissue microarray (TMA).

Results. Overexpression of FOLR1 was observed in 11/16 (69%) of USC and 0/10 normal endometrium cases using frozen tissue specimens.
Binary comparison between FOLR1 positive and negative cases identified 121 genes altered by 2-fold at p<0.01 of which 45 are well correlated
with FOLR1 expression pattern. Using quantitative PCR, both mesothelin (MSLN) and PTGS1 (COX1) were significantly increased in FOLR1
overexpressing tumors (p=0.014 and p=0.006 respectively). TMA confirmed that overexpression of FOLR1 and MSLN respectively occurred in
23/48 (48%) and 17/54 (32%) of pure USC.

Conclusion. Both FOLR1 and MSLN are cell surface targets that are co-expressed at high levels in USC and are appealing targets for biologic
therapy.
© 2007 Published by Elsevier Inc.
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Introduction

The folate receptor is a glycosol-phosphatidylinositol linked
membrane protein that facilitates transfer of folate into the cell.
Because folate provides the one-carbon units necessary for
methylation of DNA, proteins, and phospholipids, cellular
supply of folate can be important in the regulation of cellular
processes [1]. Although a principal physiologic function of the
folate receptor is to transport folate across the cellular membrane,
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it also may play a role in cellular proliferation, independent of its
role in folate uptake [2,3]. The association between FOLR1
overexpression and unregulated cellular proliferation has not
been elucidated in any significant detail. Multiple studies have
demonstrated increased FOLR1 expression in as many as 90% of
ovarian cancers, particularly those of papillary serous histology
[4–7]. However, there is limited information regarding the
expression of FOLR1 in uterine cancer.

In a previous microarray study, we reported that the FOLR1
transcript was overexpressed in a significant proportion of
endometrial adenocarcinomas [8]. Quantitative PCR indicated
that the levels of FOLR1 transcript among uterine serous
cancers (USC) were 60-fold greater than in normal endome-
trium. The purpose of the current investigation was to confirm
whether overexpression of FOLR1, at both the transcript and
protein level, occurs in USC and to determine which genes are
typically co-expressed with FOLR1.
Materials and methods

Frozen tissue specimens

Fresh frozen tissue samples were obtained from 58 patients (16 uterine
serous carcinomas, 13 endometrioid adenocarcinomas and 19 mixed mullerian
tumors (MMMT) undergoing surgery for uterine cancer at Duke University
Medical Center. Tissue specimens were evaluated by H&E to confirm that the
specimen to be analyzed contained greater than 50% cancer cells. During
preparation of the specimens for analysis, care was taken to macroscopically
dissect the cancers away from any adjacent myometrium. In addition, specimens
of normal endometrium were obtained from age-matched women undergoing
hysterectomy for benign indications. Normal endometrium was examined and
glandular epithelium and stoma was grossly dissected from 10 of the specimens.
All tissues were obtained after receiving consent described in a tissue banking
process approved by that Institutions’ Review Board (IRB) who granted
authorization to collect and study the tissue samples.

Immunohistochemistry for FOLR1 using frozen specimens

Tissue specimenswere cut into 5 μm sections andmounted on untreated glass
slides prior to fixation. After being re-hydrated and washed in buffers, the slides
were incubated with the primary antibody (Mov 18/ZEL, Alexis Biochemicals)
(diluted 1:1000) at room temperature for 3 h. Antigen retrieval was not
performed. Following washing in buffers, the slides were incubated with 0.3%
Hydrogen peroxide in PBS for 40 min to block endogenous peroxidase activity.
The slides were incubated with biotinylated horse antimurine immunoglobulin
(Vector, Burlingame, CA, USA) and then with Vectastatin ABC Mix (Vector,
Burlingame, CA,USA) at room temperature for 30min. Additional washingwith
buffers was performed prior to the slides being counterstained with Methyl
Green. The slides then underwent a series of dehydration steps with 95% and
100% ethanol, and were then mounted with coverslips. Negative controls were
used with each run and consisted of the ES-2 cell line, normal endometrium, and
a PBS slide lacking MOV18 antibody. Positive controls included the SKOV-3
cell line, which had strong expression by Taqman analysis, and a set of 15 serous
ovarian cancer specimens that were identified as being positive for FOLR1
during optimization of the immunohistochemical assays. The intensity of FOLR1
staining was graded from 0 to 3 and the proportion of tumor cells staining at each
intensity level was also recorded. Cases in which at least 30% of the cells
demonstrated a staining intensity of 2–3 were considered positive.

Microarray analysis

The global gene expression for each of the 16 frozen USCs was assessed
using the Affymetrix HG-U133A and HG-U133B (45,000 gene transcripts
covering 28473 UniGene clusters) [9]. The global gene expression of these cases
has been previously reported as part of a larger set of uterine cancers undergoing
oligonucleotide microarray analysis [9]. This database was utilized to determine
FOLR1 transcript expression for the 16 cases of uterine cancer as well as facilitate
binary comparison and template matching according to FOLR1 expression.

Binary class comparison was used to compare global gene expression from
samples with positive folate binding protein staining versus those without
immunohistochemical staining. The analysis was performed using BRB Array
tools software (BRB Array tools ver. 3.0c, Richard Simon, Amy Peng,
Biometric research branch, NCI, NIH, http://linus.nci.nih.gov/BRB-ArrayTools.
html). Statistical calculations were performed on the logarithmic values of
signals. Differentially expressed genes were identified by parametric Student’s
t-tests on genes having at least 5% or more present calls.

For Template Matching, 29272 genes having at least 1 present call in the
serous samples were used for the analysis. Two templates were considered: one
was idealized for FOLR1 positive and negative cases as +1 and −1 respectively;
and the other was actual FOLR1 expression relative to normal endometria. The
genes were selected if the correlation coefficient between either of the templates
and gene expression pattern is >0.7 (or ≤0.7), t-test p<0.01, and the ratio is
2-fold for comparison between FOLR positive and negative cases. The
expression data were displayed relative to average normal endometria ex-
pression. The cluster was color-coded using red for up-regulation from normal
endometria and green for down-regulation.

Validation of gene expression

Quantitative PCR
The concentrations of select genes chosen for validation of gene expression

were determined using the standard curve method for normalization and the
results compared with average threshold PCR amplification cycle time (CT) of
normal endometrial samples. The relative gene expression (on logarithmic scale
to base 2) of selected genes in each histologic group was compared to normal
endometria. Gene expression assays for the analysis of samples were purchased
from Applied Biosystems, Foster City, CA.

Tissue microarray
Paraffin tissue samples used for tissue microarray were collected from

patients diagnosed with and treated for uterine malignancy between January 1st
1980 and July 31st 2003 at the Arthur James Cancer Hospital of the Ohio State
University (OSU). The creation of the uterine cancer tissue microarray and use
of this resource for the purposes of this study was performed following protocol
approval by the OSU Institutional Review Board. An endometrial cancer TMA
was constructed from the primary tumors harvested from the hysterectomy
specimens of 485 patients. The specimens used for the tissue microarray
represented various histologic types and stages of endometrial cancer. The
presence of tumor tissue on the arrayed samples was verified on a hematoxylin–
eosin-stained section and each case was represented in quadruplicate on the
TMA. Specimens for controls consisted of 50 secretory endometrium, 50
proliferative endometrium, 50 normal cervix, and 50 normal ovaries.

Immunoperoxidase staining was performed on each formalin-fixed, paraffin-
embedded TMA cut at 4 μm and placed on positively charged slides. Slides were
placed in a 60 °C oven for 1 h, cooled, then deparaffinized and rehydrated using
xylene and graded ethanol solutions to water. All slides were quenched for 5 min
in a 3% hydrogen peroxide solution in methanol to block for endogenous
peroxidase. Antigen retrieval was performed by a steamer heat method in which
the specimens were placed in a citric acid solution (Target Retrieval Solution, pH
6.1; Dako Cytomation, Carpinteria, CA), for 30 min at 94 °C using a vegetable
steamer.

Multiple attempts weremade to use the variations of theMOV-18 assay (used
for initial staining of frozen tissue specimens) to evaluate FOLR1 expression in
the paraffin tissue specimens on TMAwithout success. This antibody was robust
in frozen tissue but is suboptimal in the staining of paraffin fixed tissue.
Subsequent staining of the endometrial cancer TMA using the Pu-17 antibody
(Endocyte Inc.) was successful in the staining of paraffin fixed tissues for FOLR1
expression. The Pu-17 antibody was diluted 1:50 and incubated for 60 min.
Immunohistochemical staining of MSLN was performed using (clone 5B2,
Novocastra Laboratories) at a 1:10 dilution. All paraffin tissue slides underwent
antigen retrieval in a vegetable steamer containing citrate buffer prior to being
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Fig. 1. Expression of FOLR1 in 58 frozen uterine cancer specimens (16 uterine
serous carcinomas (USC), 13 endometrioid carcinomas (E), and 19 malignant
mixed mullerian tumors [MMMT]) and 10 specimens of normal endometrium
using immunohistochemistry and quantitative PCR analysis. Expression of
PPLA and β-actin were analyzed using quantitative PCR analysis in each of
the cases and used as negative controls for assessment of FOLR1 transcript
expression.
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placed on a Dako Autostainer for immunohistochemical staining. Both FOLR1
and MSLN staining were graded using the following criteria: 0=no staining;
1=weak cytoplasmic staining, no membranous immunoreactivity; 2=moderate
cytoplasmic staining with weaker membranous immunoreactivity; 3=strong
cytoplasmic and membranous immunoreactivity. A case was considered as
negative on TMAonly if all four cores, representative of the case had no evidence
of staining. The overall intensity of staining was recorded as that for the core with
the strongest intensity when there was variation between cores for a given case.
The results were recorded as positive if at least 10% of the neoplastic cells
exhibited a staining grade of 2–3. Correlation between FOLR1 and either MSLN
or COX-1 expression was calculated using Cohen’s kappa coefficient.

Results

Immunohistochemistry and quantitative PCR revealed that
overexpression of both FOLR1 transcript and protein occurred
in 11/16 (69%) of uterine serous carcinomas 5/13 (38%)
endometrioid carcinomas and 7/19 (37%) malignant mixed
mullerian tumor. Staining was confined to the epithelial
components of the uterine tissues that were examined.
Correlations between transcript expression noted on quantita-
tive PCR and protein expression observed using immunohis-
tochemistry were noted for most of the individual cases.
Expression of FOLR1 among normal endometrial specimens
was minimal using quantitative PCR and was not observed in
any of the specimens using immunohistochemistry (Fig. 1).

In order to assess if a group of genes distinguishes USC
with increased FOLR1 expression from those with decreased
FOLR1 expression, we performed a binary comparison of the
expression data from these two groups. This analysis indicated
that 245 array features were differentially expressed between
cases with FOLR1 overexpression and those without (para-
metric Student’s t-test p-value at <0.005) and that 121 of the
245 array features were differentially expressed by at least
2-fold. The probability of finding at least 245 genes significant
by chance if there are no real differences between the classes
was 0.453, implying that the that the global expression pattern
between FOLR1 positive versus negative cases is not the
principal delineating feature of these tumors. The complete
data reflective of this analysis are also provided electronically
(http://go.cancer.gov/12345).

Because FOLR1 is expressed in a significant proportion of
uterine cancers, we used template matching in order to identify
genes that could be co-expressed with FOLR1. Template
matching revealed that 45 of 121 genes identified using binary
comparison (differentially expressed by at least 2-fold at
p<0.005) correlated with FOLR1 expression in these tumors
(r>0.7 or r≤0.7 at p<0.01). This list of 46 transcripts (FOLR1+
the other 45 transcripts that are co-expressed with FOLR1) is
shown in Fig. 2.

Using quantitative PCR, both mesothelin (MSLN) and
PTGS1 (COX1) were significantly increased in FOLR1 over-
expressing tumors (p=0.014 and p=0.006 respectively).
Overexpression of mesothelin correlated with FOLR1 over-
expression (r=0.74) while correlation of overexpression was
marginal between COX1 and FOLR1 (r=0.55) using the pilot
set of frozen USC (Fig. 3).

A tissue microarray (TMA) was used to further validate
FOLR1 and MSLN expression in uterine cancers (Figs. 4 and 5
respectively). Differences in the total numbers of cases evaluated
for FOLR1 and MSLN reflect differences in the transfer of
histologic material from the TMA block to the slide. Of the 485
cases represented on the TMA, 475 cases were available for
FOLR1 staining and 413 cases were available for MSLN
staining. Immunohistochemical staining revealed overexpres-
sion of FOLR1 in 68/411 (16%) uterine cancers represented on
the tissue microarray and varied by histology: 23/48 (48%) pure
serous; 7/25 (28%) mixed epithelial; 2/7 (28%) clear cell; and 4/
25 (16%) MMMT. Overexpression in endometrioid carcinomas
was noted in 33/308 (18%) cases and appeared to be less often
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Fig. 2. A binary comparison of 16 frozen USC (5 FOLR− and 11 FOLR1+) revealed 121 genes that are differentially expressed by at least 2-fold at p<0.005.
Template matching analysis of these data provided a list of 45 other transcripts that are co-expressed with FOLR1. Expressions are mean centered with a distance
metric: 1-correlation. The heat map was color-coded using red for up-regulation from normal endometria and green for down-regulation. The data clusters according
to FOLR immunohistochemical staining status of the 16 frozen specimens (green for negative and red for positive) noted at the top of the heatmap.
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observed in G3 tumors (G1, 15/144 [11%]; G2, 15/107 [14%];
and G3 3/57 [5%]) (Table 1). Immunohistochemical staining of
mesothelin revealed overexpression in approximately 20% of
the uterine cancers: 17/54 (32%) pure serous; 5/26 (20%) mixed
epithelial; 1/7 (14%) clear cell; 6/28 (22%) MMMT; and
endometrioid 66/360 (18%). Mesothelin expression appeared to
be independent of grade in the subset of endometrioid
endometrial carcinomas) (Table 2). Correlation of FOLR1
expression with MSLN expression on the TMA revealed
agreement 73% of the time (p=0.02).
Expression of FOLR1 was also correlated with COX-1
staining, which was reported previously [10]. In 80% of cases,
FOLR1 overexpression was accompanied by COX-1 over-
expression (p=0.0001).

Discussion

Overexpression of FOLR1 in uterine cancers has been
demonstrated previously using a variety of antibodies has
been reported previously, but the scope of prior studies, but



Fig. 3. Quantitative PCR (Taq-Man) expression analysis of 3 selected genes differentially expressed between 16 frozen cases of USC with positive FOLR1 staining
(n=5) versus those with cases with negative staining (n=11). The y-axis is the geometric average of Gene/β-actin expression ratios of FOLR1 positive and negative
samples.
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the scope of prior studies has been limited by the small
number of cases examined. Compiling the results from 4 of
these studies, overexpression of FOLR1 was observed in a
total of 31/46 cases of endometrial adenocarcinoma [11–14].
The relationship between FOLR1 overexpression and USC
was not reported in any of the previous studies, so it is unclear
whether this is a notable feature of USC.

Similar to previous reports, we found that FOLR1 staining of
endometrial cancers was confined to epithelial component of the
tumor and staining was not seen in stromal elements. In addition,
FOLR1 overexpression was not observed in the sarcomatous
Fig. 4. Tissue microarray analysis of FOLR1 with one of the unstained TMA slides s
The top panel demonstrates an example of uterine serous carcinoma and the bottom
components of the malignant mixed mullerian tumors. In our
current analysis, we observed that FOLR1 is overexpressed at
the transcript and protein level in a significant proportion (11/18,
69%) of USC compared to normal endometrium (0/10). Further
validation of overexpression using TMA revealed that FOLR1
was overexpressed in 23/48 (48%) pure USC compared to 7/25
(28%) of mixed epithelial carcinomas with serous components.

The function of FOLR in USC remains to be elucidated.
Previous reports involving papillary serous cancers of the ovary
have noted an indirect relationship between expression of FOLR
and Caveolin-1 (CAV-1) (a putative tumor suppressor gene)
hown along with representative cases positive and negative for MSLN staining.
panel represents an endometrioid carcinoma.



Fig. 5. Tissue microarray analysis of mesothelin with one of the unstained TMA slides shown along with representative cases positive and negative for MSLN staining.
The top panel demonstrates an example of uterine serous carcinoma and the bottom panel represents an endometrioid carcinoma.

Table 1
Immunohistochemical staining of an endometrial cancer tissue microarray for
FOLR1 (using Pu-17)

Histologic subtypes Total no. No. FOLR1+ % FOLR1+

Endometrioid G1 144 15 10.42
Endometrioid G2 107 15 14.02
Endometrioid G3 57 3 5.26
Mixed epithelial 25 7 28.00
MMMT 25 4 16.00
Serous 48 23 47.92
Clear cell 7 2 20.00
Total cases 413 69 16.70
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[15,16]. Likewise microarray data from our group involving an
analysis of uterine carcinomas [9] has suggested that CAV-1
expression may be increased in papillary serous and high grade
endometrioid endometrial carcinomas. However, correlation of
CAV and FOLR1 expression was not evaluated in this prior
study. In the current analysis, co-expression of CAV-1 with
FOLR1 was not observed using template matching. This
suggests that if CAV-1 expression is low in some USC it may
not be an event that is inherently related to FOLR1 expression as
in vivo studies of ovarian papillary serous carcinomas [15] have
indicated.

The overexpression of FOLR1 in cancerous tissues compared
to minimal expression in their normal tissue counterparts has
prompted development of receptor-targeted molecular therapies.
High affinity binding of folic acid conjugates to FOLR1
facilitates delivery of molecular therapies at low concentrations
[17]. In addition, FOLR1 that is present in normal tissues is
usually localized to the apical surfaces of the epithelium, which
leads to a low toxicity profile associated with systemic therapy
[17,18]. Although folate conjugates can localize to the apical
surfaces of proximal renal tubules, they remain contained within
lysosomes following endocytosis and are transported across the
nephron to the basolateral side of the epithelium. In contrast,
cytosolic release of folate conjugates primarily occurs in
neoplastic cells [19]. These alternate methods of processing
folate between cancer cells and normal cells may serve to
minimize the potential for renal toxicity while maintaining ef-
fective cytotoxicity against neoplastic tumors. Recent data from
a Phase I trial involving a folate acid conjugate has not revealed
evidence of renal toxicity [20].

FOLR1 staining has been reported to be increased in the
majority of ovarian cancers, particularly those of papillary
serous histology [10]. Levels of FOLR1 in these neoplastic
tissues can be increased as high as 80–90 fold compared to
normal ovarian epithelium [6]. Immunogenic FOLR1 peptides
that elicit Cytotoxic T Lymphocyte (CTL) response have been
developed for the use in ovarian carcinoma [13,21–23] and
could potentially be used in the adjuvant treatment of USC that
overexpress this gene and protein. Anecdotally, we observed that
the intensity of staining was less intense among USC compared
to the papillary serous cancers of the ovary used as positive
controls. Use of antiestrogens may enhance the effects of
adjuvant therapies targeting FOLR1 because of the temporarily



Table 2
Immunohistochemical staining of an endometrial cancer tissue microarray for
MSLN

Histologic subtypes Total no. No. MSLN+ % MSLN+

Endometrioid G1 182 36 19.78
Endometrioid G2 114 21 18.42
Endometrioid G3 64 9 14.06
Mixed Epithelial 26 5 19.23
MMMT 28 6 22.22
Serous 54 17 31.48
Clear cell 7 1 14.29
Total cases 475 95 19.96
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elevated levels of FOLR1 that can result from this complemen-
tary therapy [24].

Using binary comparison analysis, we found that the global
gene expression pattern between FOLR1 positive versus
negative cases is not the principal delineating feature of these
USC. In an effort to identify genes co-expressed with FOLR1
that may be potential molecular markers associated with USC,
we performed template matching using the gene expression data
representative of this subset of uterine cancers. In this analysis,
we found that overexpression of MSLN was more often
associated with USC that displayed FOLR1 overexpression. In
an analysis of 150 carcinomas from various anatomic sights,
Frierson et al. [25] noted increased expression of mesothelin in
13/22 (64%) of endometrioid endometrial adenocarcinomas.
Although this study did not include USC, MSLN overexpres-
sion was noted in all 38 serous carcinomas of the ovary that
were evaluated [25]. Our study showed overexpression of
MSLN in 17/54 (32%) pure USC and 66/360 (18%)
endometrioid endometrial carcinomas represented on the TMA.

Although overexpression of MSLN has not previously been
observed in USC, increased MSLN has been noted in meso-
theliomas, as well as carcinomas of the pancreas, stomach, lung,
esophagus, cervix, endometrium, and ovary, [26,27]. Mesothe-
lin is a glycosyl-phosphatidylinositol-linked cell surface antigen
that is expressed by mesothelial cells lining the abdominal,
pelvic, and pleural cavities. Recently investigators have
hypothesized that metastasis of ovarian cancer cells may be
facilitated through binding of CA-125 coated ovarian cancer
cells to MSLN in the peritoneal epithelium [28]. The potential
interaction between MSLN and FOLR1 in USC tumor cells is
unknown.

Microarray experiments have suggested that there are global
differences in gene expression between serous carcinomas of
uterine versus ovarian origin [29]. However, there still may be
similarities in expression of certain genes that account for the
aggressive clinical behavior associated with serous tumors that
arise in both organs. Overexpression of MSLN (which occurs in
approximately 75% of ovarian serous carcinomas) was found to
be increased in 32% of USC evaluated using TMA. It is
unknown whether MSLN could contribute to an “ovarian like”
pattern of peritoneal metastasis cancer that characterizes some
USC. Our TMA contained too few cases of stage IV USC to
definitively investigate this hypothesis. However, there were no
obvious differences in the degree of overexpression between
those USC patients with stage IV disease (3/13, 23%) and those
patients with all other stages of disease (16/45, 35%).

The significance of mesothelin overexpression in specific
human cancers has led to the development of mesothelin as a
potential therapeutic target. Hassan et al. [30] have used a form
of Pseudomonas exotoxin bound to monoclonal immunoglo-
bulin that recognizes mesothelin to induce complete regression
of mesothelin positive human cancer xenographs in mice. More
recently, a recombinant antimesothelin immunotoxin has been
developed and shown to be cytotoxic to mesothelin expressing
human ovarian and cervical tumors of varying histologic
subtypes [31]. Mesothelin is currently being investigated as a
mediator in adenovirus vectors for ovarian cancer gene therapy
[32].

Our data also showed that COX-1 expression was increased
in USC characterized by FOLR1 overexpression. Both COX-1
and COX-2 are associated with production of prostaglandins
[33], which have been implicated in both and angiogenesis and
carcinogenesis [34]. However, the association of COX-1
overexpression with increased FOLR1 has not explored in
detail. Dore et al. [35] demonstrated that COX-1 is expressed in
ovarian surface epithelium as well as ovarian adenocarcinomas
including papillary serous cases. Likewise, COX-1 was
investigated in 60 non-endometrioid endometrial cancers
represented on a tissue microarray composed of 336 endome-
trial cancers and specimens of normal endometrium from 105
patients. In this analysis, COX-1 expression was observed in
approximately 25% of both normal endometrium and non-
endometrioid endometrial cancer while COX-2 expression was
found on approximately 60% of non-endometrioid tumors (a 2-
fold increase in frequency compared to normal endometrium
cases) [10]. These data would suggest that although COX-1
expression is associated with tumors having increased FOLR1,
the expression of COX-1 in normal endometrium precludes it
from being an ideal target for chemoprevention of USC. COX-1
is constitutively expressed in many tissues and may be
necessary for normal physiologic processes [36].

Although less than 10% of endometrial cancers are USC,
almost 50% of endometrial cancer recurrences and deaths are
attributable to these virulent tumors [37]. In view of the poor
efficacy of current treatment modalities, identification of novel
therapeutic approaches is a high priority. Vaccine and molecular
therapies targeting either FOLR1 or MSLN are currently being
tested in Phase I trials in other types of solid tumors [38,39]. The
findings of the present study that FOLR1 and MSLN are
overexpressed in 48% and 43% of USC suggests that these
cancers should be included in future clinical trials targeting
FOLR1 and MSLN.
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