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Abstract

Endometrial cancer is related to estrogen stimulation not opposed by progesterone. We have 
examined expression of the pre-receptor regulatory enzymes aromatase, 17-hydroxysteroid 
dehydrogenases (17-HSDs), 20-hydroxysteroid dehydrogenases (20-HSDs), sulfatase and 
sulfotransferase, and estrogen (ERs) and progesterone (PRs) receptors in samples of 
endometrial cancer and adjacent normal endometrium. No significant gene up-regulation was 
seen, although aromatase, AKR1C3, a 17-HSD and 20-HSD, and AKR1C1, the major 
20-HSD, were up-regulated in 50% of samples. Significant down-regulation was seen for 
17-HSD types 1 and 7, sulfotransferase, ER, ER, PR-AB. Western blotting revealed 
higher levels of AKR1C3 and PR-B and lower levels of ER in cancerous endometrium, and 
immunohistochemistry confirmed expression of AKR1C3, PR-B and ER at the cellular 
level. Up-regulation of aromatase in concert with AKR1C3 can lead to increased levels of 
estradiol, which acts via ER. Up-regulation of AKR1C1 and AKR1C3 can result in lower 
levels of the protective progesterone, which acts mainly via PR-B.

Key words: pre-receptor regulation, hydroxysteroid-dehydrogenases, aromatase, sulfatase, 
sulfotransferase, ER, PR
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Introduction

Endometrial cancer (EC) is the most common gynaecological malignancy and the fourth-
most-common cancer in women in Western Europe and the USA (International Agency for 
Research on Cancer, 2005). Most EC cases are sporadic, with only 10% considered familiar 
(Ryan et al., 2005; Amant et al., 2005). The sporadic cases can be divided into two subgroups: 
type 1, estrogen-dependent endometrioid carcinomas (80%); and type 2, non-estrogen-
dependent EC with serous papillary or clear-cell morphology (20%) (Ryan et al. 2005; Amant 
et al., 2005). Type 1 EC cases occur in pre-menopausal women (21% in women younger than 
45 years) and post-menopausal women and are usually of low grade; they are frequently 
preceded by endometrial hyperplasia and commonly associated with abnormalities in DNA 
mismatch repair genes, k-Ras, PTEN and-catenin (Inoue, 2001; Lax, 2004; Schindler, 2004; 
Ryan et al., 2005). Type 2 EC occurs mainly in post-menopausal women, and they are usually 
high-grade tumours that develop de novo or through metaplasia and that are associated with 
abnormalities of p53 and HER2/neu (Inoue, 2001; Lax 2004; Ryan et al., 2005).

Type 1 ECs have been studied in the greatest detail. Clinicopathological findings have 
indicated that type 1 ECs arise through a series of precursor lesions, in the form of simple, 
complex and atypical hyperplasia, through unopposed and prolonged estrogen stimulation 
(Inoue, 2001 Sonoda, 2005). This exposure to estrogens (of endogenous or exogenous origin) 
that is not opposed by progesterone (P) or synthetic progestins increases the mitotic activity of 
endometrial cells and the number of DNA replication errors, leading to somatic mutations that 
can result in a malignant phenotype (Inoue, 2001; Sonoda, 2005). Increased local estradiol 
(E2) concentrations have been detected in cancerous endometrium (Berstein et al., 2003). In 
premenopausal women E2 can be formed in the ovaries as well as in peripheral sites; while in 
postmenopausal women E2 can only be produced in peripheral sites, such as adipose tissue, 
bone, the vascular endothelium, aortic smooth muscle cells, numerous sites in the brain 
(Simpson, 2003), and also in cancerous endometrium from inactive precursors of adrenal 
(dehydroepiandrosterone [DHEA], DHEA sulfate) or ovarian (androstenedione (A)) origin, or 
from circulating estrone (E1) sulfate (Fig. 1). In peripheral sites, E2 can be formed via the 
aromatase pathway from DHEA sulfate and DHEA via A or testosterone (T) by the action of 
sulfatase, 3-HSD, aromatase and the reductive -HSDs, or from E1-sulfate via the 
sulfatase pathway by the action of sulfatase and reductive 17-HSDs (Fig. 1). 

The 17-HSDs that are directly or indirectly involved in E2 formation can be divided 
into estrogenic and androgenic enzymes, according to their substrate specificities. Among the 
estrogenic enzymes, 17-HSDs types 1, 7 and 12 are the reductive enzymes, which can form 
the potent E2 (Kd, 10-10 M, for its corresponding receptors) from less potent E1; 17-HSD 
types 2, 4 and 8, catalyze the reverse reaction (Kuiper et al., 1997; Mindnich et al., 2004; 
Lukacik et al., 2006; Möller et al., 2006). Previous studies have shown that all of the 
estrogenic 17-HSDs are expressed in the human uterus and could thus be involved in E2 
formation. The kinetic parameters for the reductive estrogenic enzyme isoforms show that 
17-HSD type 1 converts E1 to E2 with a high catalytic efficiency (Puranen et al., 1997; 
Gangloff et al., 2001), and 17-HSD type 7 has a much lower efficiency (Törn et al., 2003); 
17-HSD type 12 has not yet been fully characterized and only a Km has been reported (Luu-
The et al., 2006). The kinetic parameters of some of the oxidative 17-HSDs show that 17-
HSD type 2 is the major oxidative 17-HSD, while 17-HSD types 4 and 8 have less 
important roles (Adamski et al., 1995; Lu et al., 2002; Ohno et al., 2008). 

In addition to the estrogenic 17-HSDs, the androgenic 17-HSDs can also promote 
E2 production via the aromatase pathway. There are two reductive androgenic 17-HSDs, 
17-HSD type 3 and AKR1C3 (also know as 17-HSD type 5), but only AKR1C3 is 



Page 4 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

4

expressed in human endometrium (Penning et al., 2000; Lanišnik Rižner et al, 2006). The 
kinetic parameters of AKR1C3 show a relatively low catalytic efficiency for T formation 
(Penning et al., 2006). Among the oxidative androgenic isoenzymes, 17-HSD type 2 has the 
major role in T inactivation (Lu et al., 2002). All 17-HSDs except for 17-HSD types 1 and 
2 catalyze in addition to oxidations/reductions of steroids also conversions of other substrates 
and have thus also other putative roles.

In addition to the 17-HSDs, other enzymes of the aromatase and sulfatase pathways 
can take part in the production of increased levels of E2. These enzymes are aromatase, a 
member of the CYP P450 superfamily, and sulfatase and sulfotransferase, members of their 
respective superfamilies (Sasano and Harada, 1998; Utsunomiya et al., 2004). Aromatase 
converts A and T to E1 and E2 , respectively, with nM Km values (Krekels et al., 1991; 
Zhang et al., 2002); sulfatase converts E1-sulfate with a M Km value, while sulfotransferase 
inactives E1 and E2 with nM Km values (Falany et al., 1995; Hernandez-Guzman et al., 
2001). All of these enzymes are expressed in human endometrium (Ito et al., 2007).

P counteracts the effects of estrogens by inducing differentiation of the endometrium, 
and a lack or absence of P or progestagens in an estrogen-stimulated endometrium results in 
the development of a variety of hyperplastic conditions, from simple, complex and severe 
hyperplasia, to carcinoma in situ (Sasaki et al., 2001; Schindler, 2004). The main sites of P 
synthesis are the ovaries and the adrenal gland. After menopause, when the ovaries cease to 
function, the levels of protective P drop, although some P may still be formed in the adrenal 
gland and at some other peripheral sites, including the endometrium, which has all of the 
necessary enzymes, including steroidogenic acute regulatory protein STAR, P450 side chain 
cleavage enzyme P450ssc and 3-HSD (Rhee et al., 2003). P can be metabolized by the 
action of 20-HSDs, 5-reductases, 5-reductases, 3-HSDs and 3-HSDs to form less 
potent derivatives that have lower affinities towards the progesterone receptors (PR-A, PR-B) 
(Fig. 2) (Pollow et al., 1975, Arici et al., 1999). 20-HSDs catalyze the reduction of P to 20-
hydroxyprogesterone (20-OHP), a weak progestagen, and the oxidation of 20-OHP to P. 
20-HSD activity has been reported for the aldo-keto isozymes AKR1C1 and AKR1C3, and
17-HSD types 1 and 2 (Penning et al., 2000). AKR1C1, AKR1C3 and 17-HSD type 1 are 
reductases and inactivate P, and 17-HSD type 2 acts as an oxidase and converts inactive 
20-OHP back to the active P. All of these enzymes are expressed in normal and diseased 
endometrium (Lanišnik Rižner et al., 2006).

The goals of the present study were to examine the pre-receptor regulation of estrogen 
and P action within cancerous endometrium, to correlate the expression of the pre-receptor 
regulatory enzymes with the expression of ERs and PRs, and to propose a hypothesis 
regarding the mechanisms of aberrant regulation of estrogen and P action. 
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Methods

Endometrial tissue
The 25 endometrial cancer specimens and adjacent normal endometrium were obtained from 
postmenopausal patients undergoing hysterectomies (Table 1). The study was approved by the 
National Medical Ethics Committee of the Republic of Slovenia. Expression analysis of 17-
HSD types 4, 8 and 12, and AKR1C3 was performed on the 25 samples, and for another 10 
genes on 16 samples of endometrial cancer.

RNA isolation
Total RNA was isolated from the tissue samples using Tri Reagent (Sigma), according to the 
manufacturer instructions. The quality of the RNA samples was determined using an Agilent 
2100 Bioanalyzer. The total RNA was reverse transcribed using random hexamer primers 
(Invitrogen), as described previously (Lanišnik Rižner et al., 2006).

Real-time PCR
The expression of 14 genes, and cyclophilin A as the house-keeping gene, was examined 
using real-time Taq Man PCR assays. The primers and fluorescent TaqMan MGB probes for 
the amplification of AKR1C1 and AKR1C3 were designed as described previously (Lanišnik 
Rižner et al., 2006). All of the primers and minor groove-binder probes (FAM or VIC® dye-
labelled) were obtained from Applied Biosystems. The RT-PCR samples were run in 
duplicate, and the relative quantifications of gene expression were performed using the 
standard curve method (for AKR1C1 and AKR1C3) or the comparative Ct method (other 
genes). Expression levels of all genes except AKR1C1, AKR1C3 and PR-AB were multiplied 
by 105 and logarithmically transformed.

Statistical evaluation
The differences in the expression levels of the selected genes in the cancerous endometrium, 
as compared to the adjacent normal endometrium, were analyzed using the Wilcoxon test. 
The statistical tests were two-tailed, and differences in p values of less than 0.05 were 
considered to be significant. The statistical calculations and tests were performed using the 
SPSS software (SPSS Inc, USA).

Western blotting
Protein fractions were isolated from samples of cancerous endometrium and the adjacent 
normal endometrium previously used for RNA isolation (following the Tri Reagent 
instructions). Protein aliquots of 70 g were separated by SDS PAGE on 12% gels. The 
proteins were transferred from gels to PVDF membranes and incubated with 5% non-fat milk 
in TTBS for 1 h. The membranes were then incubated overnight at 4 °C with primary mouse 
monoclonal antibodies: anti-AKR1C3 (1:1000, Sigma-Aldrich, USA) anti-PRB (1:500, Santa 
Cruz USA), anti-ER 1:200, DakoCytomation, Denmark or anti--actin (1:2500, Sigma-
Aldrich, USA) antibodies in TTBS with 1% non-fat milk powder. The next day, the 
membranes were incubated with the secondary antibodies (peroxidase-conjugated goat anti-
mouse IgG+IgM (H+L)) dilutions 1:3000; 1:10000 and 1: 3000, respectively (Jackson 
ImmunoResearch Laboratories Inc., USA) for 1 h. Following the washing steps, Supersignal 
West Pico Chemiluminiscence Substrate (Pierce Biotechnology) was used for the detection of 
the bound antibodies, according to the manufacturer instructions. Quantification of Western 
Blots was done with UVIband software (Uvitec, Cambridge, UK).
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Immunohistochemistry
The formalin-fixed, paraffin-embedded endometrium samples were de-waxed in xylene and 
rehydrated. The sections were incubated in H2O2 to block endogenous peroxidase. After 
antigen retrieval in sodium citrate buffer, the sections were incubated with monoclonal mouse 
antibodies: anti-AKR1C3 (1:500, Sigma-Aldrich, USA), anti-aromatase (1:20, AbD Serotec, 
Germany) and anti-ER1:20, DakoCytomation, Denmark). The peroxidase–antiperoxidase 
complex with substrate DAB was used to detect bound antibodies.
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Results and Discussion

1. Estradiol production in cancerous endometrium

The aromatase pathway
We first examined the expression of enzymes involved in the aromatase pathway (Fig. 1). The 
data on aromatase expression are rather controversial: Bulun et al. (2005) have shown 
aromatase transcripts in endometriosis tissue, but not in endometrial tissue from disease-free 
women, while Jongen et al. (2005) detected significant aromatase activities in both benign 
and malignant endometrial tissue, and Watanabe et al. (1995) even reported on increased 
aromatase activity in neoplastic endometrium. Our data here showed no significant 
differences in expression levels between the cancerous and the adjacent normal endometrium, 
and they are in agreement with similar studies on aromatase expression in cancerous 
endometrium in comparison with normal endometrium (Pathirage, et al., 2006). However, in 
the present study, a pair-wise comparison revealed an increased mRNA ratio of 
tumour:normal tissue in seven of the 16 samples, with the expression in the cancerous 
endometrium in three samples being three-fold higher than that in the normal endometrium 
(Fig. 3). The expression of aromatase was also confirmed at the cellular level by 
imunohistochemical staining, showing a weak signal in glandular epithelial cells (Fig. 3). 

Next, we examined the expression of reductive 17-HSDs, and surprisingly we 
detected significantly lower expression levels of 17-HSD types 1 and 7 in the cancerous 
endometrium, 2.2-fold (p = 0.015) and 1.2-fold (p = 0.004), respectively there was no 
significant difference in the expression of 17-HSD type 12 (Fig. 4). These data thus suggest 
a decreased local production of E2. The expression of the oxidative 17-HSDs can also affect 
local E2 concentrations. Utsonomiya et al. (2003) detected the expression of 17-HSD type 2 
in only 50% of their endometrial cancer specimens at the protein level. In our specimens here, 
17-HSD type 2 was not expressed in one of 16 cancerous samples, and we did not detect 
significant differences in its expression levels in the cancerous compared to the normal 
endometrium. We also did not detect significant differences in the expression of 17-HSD 
types 4 and 8 (Fig. 4). The expression of 17-HSD types 8 and 12 has not yet been examined 
in human endometrium, and we are here the first to show their expression in cancerous 
endometrium.

We also examined the expression of AKR1C3, the last enzyme of the aromatase 
pathway. As we have shown previously (Lanišnik Rižner et al., 2006), the median AKR1C3 
expression levels did not differ significantly between cancerous and adjacent normal 
endometrium, although the pair-wise comparison revealed an increased ratio of cancerous 
versus normal tissue in 7 samples, out of 16 tested (Lanišnik Rižner et al., 2006). Here, we 
examined AKR1C3 expression in a larger group of 25 patients with endometrial cancer, with 
higher mRNA levels seen in 12 samples of cancerous endometrium (Fig. 5). These results led 
us to investigate AKR1C3 expression also at the protein level (Fig. 5). We isolated the protein 
fractions of the same 16 samples of cancerous and adjacent normal endometrium that had 
previously been analyzed by real-time PCR, and we performed Western blotting with ECL 
detection. In eight of the 16 cases, we detected higher AKR1C3 levels, and in 3 cases lower 
levels, in the cancerous than the normal endometrium; in 2 cases there were no differences in 
expression, and in 3 samples we did not detect AKR1C3 (Fig. 5). Comparing the means, we 
saw a 2.5-fold up-regulation, which was not statistically significant. Expression of AKR1C3 
was confirmed also at the cellular level by immunohistochemistry: monoclonal anti-AKR1C3 
antibodies stained the glandular and luminal epithelial cells in cancerous endometrium in all 
of the 10 samples examined (Fig. 6). 
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Our data thus suggest that in some patients, the aromatase pathway via T has an 
important role in E2 production within cancerous endometrium. The increased expression of 
AKR1C3 can lead to increased levels of T, which can be converted to E2 by aromatase. Also, 
the aromatase pathway via A can have a certain role, as AKR1C3 can act also as an estrogenic
17-HSD and may be involved in E2 formation from E1. However, AKR1C3 has the highest 
catalytic efficiency when acting as a 20-HSD, which converts P into the less active 20-
OHP; therefore, AKR1C3 may have an even more important role in decreasing the 
concentrations of protective P.  

The sulfatase pathway
The data regarding the expression of sulfatase and sulfotransferase in endometrial cancer are 
also controversial. Utsunomiya et al. (2004) have shown increased sulfatase and decreased 
sulfotransferase immunoreactivities, suggesting increased availability of the biologically 
active estrogens, while Tanaka et al. (2003) have shown lower sulfatase activity in cancerous 
tissue than in normal endometrium. In the present study, there were no significant differences 
in the expression of sulfatase, while there was a significantly decreased (nine-fold; p = 0.041)
expression of sulfotransferase in the cancerous endometrium, thus leading to a six-fold 
increase in the sulfatase:sulfotransferase ratio that affects E1 and E2 production in the 
cancerous endometrium (Fig. 7). Our data thus suggest that the sulfatase pathway has an 
important role in E2 formation within the cancerous endometrium; however, sulfatase should 
also be acting in concert with the reductive 17-HSDs. 

2. Estradiol production in correlation with the expression of estrogen receptors 
Previously, significantly higher levels of ER than ER have been reported in the specimens 
of normal and diseased endometrium (Utsunomiya, et al., 2000; Sakaguchi et al., 2002). The 
ratio of ER:ER has differed across normal and cancerous tissues, with both decreases and 
increases seen in this ratio (Saegusa et al., 2000; Utsunomiya et al., 2000; Sakaguchi et al., 
2002). Our real-time PCR analysis showed both ER and ER to be significantly down-
regulated in cancerous endometrium (Fig. 8), thus agreeing with the study of Hu et al. (2005). 
However, in the present study, the ER/ER ratio did not change significantly. Decreased 
expression of ER has previously been seen in many estrogen-dependent tumours (Bardin et 
al., 2004). ER acts as a modulator of ER and has an antiproliferative and pro-apoptotic 
role (Lindberg et al., 2003). Since ER is considered to be a repressor of ER, its lower 
expression in the cancerous endometrium should lead to an enhanced E2 action through ER. 
We confirmed the expression of ER also at the protein and the cellular levels (in all samples 
examined) (Figs. 6 and 8), suggesting that E2 formed locally would act through ER.

3. Progesterone metabolism in correlation with expression of progesterone receptors
We have examined the expression of the human 20-HSDs, the reductive AKR1C1, AKR1C3 
and 17-HSD type 1, and the oxidative 17-HSD type 2. There were no significant 
differences in the expression of the major reductive enzymes AKR1C1 and AKR1C3, which 
convert potent P to less active 20-OHP, in both cancerous endometrium and adjacent normal 
endometrium (Fig. 5). There was also no significant difference in expression of the oxidative 
enzyme. The reductive 17-HSD type 1, which has the lower catalytic efficiency for P 
inactivation, was significantly down-regulated (Fig. 4). Previously we reported higher levels 
of AKR1C1 and AKR1C3 mRNA in 9 and 7 samples of cancerous endometrium, out of 16
examined, respectively (Lanišnik Rižner et al., 2006), and now we have re-examined 
AKR1C3 expression in a larger group of 25 patients with endometrial cancer (Fig. 5). There 
were still no significant differences detected between the median expression levels, although 
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higher levels of AKR1C3 were seen in 12 endometrial cancer samples out of 25. Up-
regulation of AKR1C1 and AKR1C3, which was observed in the same specimens, would lead 
to decreased levels of protective progesterone in these patients. 

We also examined the expression of the progesterone receptors PR-AB, with real-time 
PCR revealing significantly lower levels of PR-AB (Fig. 5), while further Western blotting 
showed significantly higher levels of PR-B protein in samples of endometrial cancer, as 
compared to normal endometrium (Fig. 5), suggesting that the lower levels of PR-AB arises 
as a result of down-regulation of PR-A. Expression of PR-B was confirmed also at the cellular 
level by immunohistochemical staining, where epithelial glandular cells were positive in all 8 
cases examined (Fig. 6). The major role of PR-A in the endometrium is to oppose estrogen 
action by preventing ER transactivation and estrogen-induced endometrial proliferation, 
partly by limiting PR-B effects (Ryan et al., 2005). In contrast, PR-B acts as an endometrial 
estrogen agonist (Ryan et al., 2005). Aberrant ratios of these PR isoforms have been reported 
in endometrial hyperplasia, complex atypical hyperplasia, and endometrial cancer (Arnett-
Mansfield et al., 2001; Ryan et al., 2005), and dominant expression of PR-B has been reported 
in all metastatic lesions of uterine endometrial cancers (Fujimoto, et al. 2000), in agreement 
with our data here. Shabani et al. (2007) examined the expression of PR-A and PR-B in 293 
endometrial cancer cases by immunohistochemistry, and reported an association between the 
lack of PR-A expression and poor differentiation in endometrial cancer patients. Also, a 
functional polymorphism in the promoter of PR that results in increased transcription of PR-
B, an altered PR-A/PR-B ratio, and is associated with increased risk of EC, shows the 
important role of PR-B in EC development (De Vivo, 2002). Our data thus suggest that the 
lower levels of protective P act mainly via PR-B.

4. Proposed mechanisms of disturbed estrogen and progesterone metabolism and action 
in cancerous endometrium
In some endometrial cancer patients, it appears that up-regulation of AKR1C3 (in 12 out of 25
specimens) in concert with up-regulation of aromatase (in seven out of 16) might be 
responsible for an increased local E2 production. Also, an increased ratio of 
sulfatase:sulfotransferase (six-fold) might result in higher E2 levels. However, sulfatase 
should act in concert with the reductive 17-HSD, and the reductive estrogenic 17-HSD, 
which would be up-regulated in cancerous endometrium, has not yet been identified (Fournier 
and Poirier, 2008). This may be the role of AKR1C3, which also acts as an estrogenic 17-
HSD. The E2 formed in the cancerous endometrium would then exert its action through ER, 
an action that can be further enhanced by the down-regulation of ER (2.6-fold down-
regulated). However, estrogens may also be metabolized to genotoxic, mutagenic metabolites 
that can initiate carcinogenesis (Bolton and Thatcher, 2008). Both E1 and E2 can be 
hydroxylated by different cytochrome P450 enzymes (CYP1A1, CYP1A2, CYP1B1) to form 
catechols, and further oxidised to estrogen o-quinones, which can form DNA adducts or cause 
oxidative damage to DNA (Bolton and Thatcher, 2008). 

In some endometrial cancer patients, up-regulation of AKR1C1 (in 9 cases out of 16) 
and AKR1C3 (in 12 cases out of 25) can lead to decreased levels of protective P. The action 
of P may be further disturbed by down-regulation of PR-AB and up-regulation of PR-B, 
which can result in lower levels of PR-A and a changed ratio of PR-B/PR-A. Our data suggest 
that levels of PR-A may be insufficient to oppose estrogen action, by preventing ER
transactivation and endometrial proliferation.
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Figure Legends

Figure 1. Local production of estradiol.
Estradiol formation in human endometrium, showing the aromatase pathway from DHEA 
sulfate and DHEA via androstenedione and testosterone, and the sulfatase pathway from 
estrone sulfate. DHEA, dehydroepiandrosterone; 17-HSDs, 17-hydroxysteroid 
dehydrogenases.

Figure 2. Metabolism of progesterone 
Metabolism of progesterone by 20-hydroxysteroid dehydrogenases (20-HSDs), 5-
reductase, 3- and 3-hydroxysteroid dehydrogenases (3- and 3-HSDs), with the 
formation of derivatives with lower affinities towards PRs.

Figure 3. Expression of aromatase
A) Relative expression levels (normalized to cyclophilin A) in paired samples of endometrial 
cancer and normal endometrium. B) Immunohistochemical staining in cancerous 
endometrium (a) and control staining without the primary antibodies (b).

Figure 4. Expression of reductive and oxidative 17-HSDs 
Relative expression levels (to cyclophilin A) in paired samples of endometrial cancer and 
normal endometrium of 17-HSD types 1 (A), 7 (B), 12 (C), 2(D), 4 (E) and 8 (F). 

Figure 5. Expression of AKR1C3, AKR1C1, PR-A/B and PR-B
Relative expression levels (to cyclophilin A) of AKR1C1 (A), AKR1C3 (B), and PR-AB (C) 
genes in normal endometrium and endometrial cancer. AKR1C3 (D) and PR-B (E) expression 
at the protein level. Mean protein levels of AKR1C3 and PR-B normalized to -actin ± 
standard error of means (S.E.M) are shown.

Figure 6. Expression of AKR1C3, ERandPR-B at the cellular level
Immunohistochemical staining of AKR1C3, ER and PR-B in four specimens (8, 19, 22 and 
23) of cancerous endometrium, and control staining without the primary antibodies.

Figure 7. Expression of sulfatase and sulfotransferase
Relative expression levels (to cyclophilin A) in paired samples of endometrial cancer and 
normal endometrium of sulfatase (A), and sulfotransferase (B). 

Figure 8. Expression of ER, ER
Relative expression levels (to cyclophilin A) of ER(A) and ER (B) genes in normal 
endometrium (normal) and endometrial cancer (cancer). C) ERexpression at the protein 
level. Mean protein levels of ER normalized to -actin ± standard error of mean (S.E.M) is 
shown.
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Table 1: Patients details for the cancer group.

Mean age 62.4 ± 13.7 years, G1-G3: grading according to histological differentiation, S: 
serous adenocarcinoma, CC: clear cell adenocarcinoma, *atypical hyperplasia. **The 
specimen numbers are arbitrary, for the convenience of the study.

Number Sample** Age Diagnosis

1 5 37 G2/3

2 7 50 G1

3 8 83 G2/3

4 10 53 G1

5 11 60 G1

6 13 54 G2/S

7 18 79 G1

8 19 74 G1/2*

9 20 76 G2/3

10 21 53 G2

11 22 36 G1/2*

12 23 45 G1/2*

13 24 69 G2/3*

14 25 54 G3/CC*

15 26 72 G1/2

16 27 62 S*

17 30 54 G1

18 32 52 G1

19 33 77 G3

20 34 57 G1

21 35 61 G2

22 38 78 G2/3

23 40 71 G1

24 42 81 G1

25 44 73 G1

Table 1
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Figure 1

http://ees.elsevier.com/mce/download.aspx?id=27008&guid=dda48461-93d3-4b71-ba59-21daf3dfe045&scheme=1
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Figure 2

http://ees.elsevier.com/mce/download.aspx?id=27012&guid=fa29ad9f-8160-437f-92ad-daf908c2b496&scheme=1
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