
 

 

Introduction 
 
Endometrial cancer, the most common gyneco-
logic malignancy [1, 2], has been divided into 
two major categories: type I and type II [3, 4]. 
Endometrial endometrioid adenocarcinoma 
(EEC), the prototype of the Type I carcinoma has 
a fairly good prognosis, while endometrial se-
rous carcinoma (ESC) or uterine papillary serous 
carcinoma, a prototype of Type II, bears a signifi-
cantly worse prognosis. The dismal outcome of 
ESC was mainly attributed to lack of diagnostic 
markers as well as inadequately defined car-
cinogenesis. 

Erythroid--E2-related factor 2 (Nrf2), is a signifi-
cant nuclear transcription factor maintaining 
intracellular redox homeostasis through regulat-
ing the transcription of a series of target genes 
[5-7]. The main biologic function of Nrf2 is anti-
oxidant insult [8-10]. It is known that activation 
of Nrf2 confers protection against many chronic 
diseases including cardiovascular diseases, 
lung inflammation, and diabetic nephropathy [5, 
6, 11-18]. Mechanistic studies of Nrf2 showed 
that it is generally maintained in a low basal 
level and constantly regulated at the protein 
level by a negative regulator named Keap1 
through ubiquitination and proteasomal machin-
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Abstract: Endometrial serous carcinoma (ESC) is the most aggressive subtype of endometrial cancer. Its aggressive 
behavior and poor clinical outcome may be partially attributed to lack of early diagnostic markers and unclear patho-
genesis. The transcription factor Erythroid--E2-related factor 2 (Nrf2) is a recently identified protein marker, which 
plays a role in carcinogenesis as well as responsible for poor prognosis of many human cancers. The aim of this study 
is to determine the Nrf2 expression in benign endometrium (n=28), endometrial cancers (n=122) as well as their 
precursor lesions (n=81) trying to see whether Nrf2 has any diagnostic usage and is potentially involved in endo-
metrial carcinogenesis. The level of Nrf2 was evaluated by immunohistochemical (IHC) and verified by using Western 
blots. Among the malignant cases, Nrf2 was positive in 28 (68%) of 50 ESCs, which was significantly more than in 3 
(6%) of 50 endometrioid carcinomas (p < 0.001) and 2 (13%) of 15 clear cell carcinomas (p = 0.001) and other his-
tologic types of endometrial cancers. Among endometrial precursor lesions, both serous endometrial glandular dys-
plasia (EmGD, 40%) and serous endometrial intraepithelial carcinoma (EIC, 44%) showed a significantly higher Nrf2 
expression than that in atypical endometrial hyperplasia or endometrial intraepithelial neoplasia (0%), clear cell 
EmGD (10%), and clear cell EIC (25%), respectively. We conclude that Nrf2 overexpression is closely associated with 
endometrial neoplasms with serous differentiation. Alteration of Nrf2 expression may represent one of the early mo-
lecular events in ESC carcinogenesis and overexpression of Nrf2 may used as a diagnostic marker in surgical pathol-
ogy.  
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ery [19]. Chemopreventive compounds are able 
to stabilize Nrf2 through inhibition of Nrf2 deg-
radation, thus enhancing the protein level of 
Nrf2 and activating the Nrf2-dependant antioxi-
dant response [20, 21]. However, the dark side 
of Nrf2 has recently been revealed [22, 23]. 
Mutations or change of Nrf2 expression levels 
have been identified in many cancers [24-27] 
including endometrial cancers [28]. Deregula-
tion of Nrf2 by its regulatory genes results in 
overexpression of its downstream genes that 
intensify the Nrf2-dependent protective mecha-
nism and provide cancer cells with a growth 
advantage [24-27] and chemoresistance to 
many chemotherapeutic drugs in common hu-
man cancers [23, 29-31]. Addionally, Nrf2 may 
play a role in initiation of cancer development. It 
was demonstrated that increased Nrf2 and 
GSTP1 were closely associated with the early 
hepatocarcinogenesis [32] and arsenic induced 
skin cancer [33]. Based on above understand-
ing, we suspected that, among the perplexing 
role in many human cancers, constitutive Nrf2 
activation or overexpression may be involved in 
the process of endometrial serous carcinogene-
sis. 
 
In this study, we investigated the level of Nrf2 
protein expression in a large number of patho-
logical endometrial samples including benign 
endometrial, precancerous lesions, and differ-
ent type of human endometrial cancers to de-
termine whether Nrf2 is differentially expressed 
in the endometrial tissues and whether expres-
sion differences among the different types of 
endometrial samples including those precan-
cers could be exploited to facilitate our under-
standing of type II endometrial carcinogenesis 
and to serve as an additional diagnostic marker.   
 
Materials and methods 
 
Pathologic features of the cases studied  
 
All endometrial samples were retrospectively 
retrieved from the Department of Pathology at 
the University of Arizona from 1996 to 2009 
under the approval of the Institutional Review 
Board for human tissue usage. Among all the 
studied cases, no malignancies with a history of 
prior radiation or chemotherapy were included; 
while benign cases with personal cancer history 
or transplantation therapy were excluded. Case 
review was accomplished under the light mi-
croscopy using corresponding hematoxylin and 
eosin-stained slides to reconfirm the endo-

metrial histogical types (Olympus BX41). Carci-
nomas with more than 10% mixed histological 
component were ruled out. A total of 231 speci-
mens were studied which included benign endo-
metrium (n=28), atypical endometrial hyperpla-
sia or endometrial intraepithelial neoplasia 
(n=18), serous endometrial glandular dysplasia 
(EmGD) (n=20), serous endometrial intraepithe-
lial carcinoma (EIC) (n=25), clear cell EmGD 
(n=10), clear cell EIC (n=8), endometrioid carci-
noma (n=50), serous carcinoma (n=41), clear 
cell carcinoma (n=15), mucinous carcinoma 
(n=8), and other malignancies (n=8). Cancers 
grouped in the other category included those 
undifferentiated carcinoma (n=3), carcinosar-
coma (n=3), squamous cell carcinoma (n=2).   
 
Cases matched both atypical hyperplasia or EIN 
were included into the hyperplasia/EIN category 
[34-37]. EmGD was diagnosed as defined by 
Zheng et al [38, 39] and the diagnostic criteria 
for serous EIC were based on Ambros et al [40]. 
Clear cell EmGD and EIC were diagnosed ac-
cording to previously described morphologic 
criteria [41]. All malignant cases were diag-
nosed, graded and staged using criteria of the 
International Federation of Gynecology Oncology 
(FIGO) [42, 43].  
  
Tissue handling 
 
Tissue sections were all derived from hysterec-
tomy specimens. All uteri obtained were proc-
essed for 10% formalin fixation and paraffin 
embedding. Paraffin sections were cut at 5-um 
thickness and placed on Super Plus slides 
(Fisher Scientific, Pittsburgh, PA). For every 
case, one section was stained with H&E and 
examined microscopically to confirm the patho-
logic diagnosis. 
 
Nrf2 immunohistochemical (IHC) analysis 
 
A rabbit monoclonal antibody (EP1808Y) specifi-
cally reacted with human Nrf2 (IgG2) was pur-
chased from Abcam, Inc. (Cambridge, MA). The 
antibody and IHC has been successfully used in 
previous studies [28]. Sections of ESC (known 
to express Nrf2) served as positive controls 
[28]. The staining reaction was evaluated only 
in epithelial cells. For those cases containing 
multiple lesions (such as EmGD or EIC in cases 
of ESC), each of the foci was separately evalu-
ated. All IHC slides were reviewed independently 
by two investigators (N.C. and W.Z.). The per-
centage and intensity were arbitrarily divided 
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into 5 and 4 tiers, respectively (see Table 1). For 
the purpose of better description and statistical 
analysis, we created positive score index which 
represented a sum of total Nrf2 expression in 
each category. Majority Nrf2 expression was 
observed in cytoplasm, while only small percent-
age of cases showed nuclear staining. There-
fore, no data were analyzed for nuclear staining.  
 
Western blotting analysis of Nrf2 expression 
 
Twenty frozen endometrial tissues and endo-
metrial cancer cell lines (Ishkawa and SPEC-2) 
were homogenized and the samples were 
loaded in SDS gels and subjected to im-
munoblot analysis as previously reported [44]. 
Intensity of the signal was measured by densi-
tometry software (NIH Image 1.61). Relative 
expression of Nrf2 was normalized by the 
amount of the β-actin in every lane (calculated 
as the ratio of Nrf2 to β-actin). 
 
Statistical analysis 
 
Comparison of IHC Nrf2 expression in different 
status of the endometrium was assessed by Chi
-squares and Fisher's exact test when an ex-
pected cell value was 5 or less. Nrf2 immunore-
activity index between type I and type II endo-
metrial cancers including their putative precur-
sor lesions were calculated by paired-
comparisons t test by PROC MEANS in the SAS 
system. 
 
Results 
 
Nrf2 cytoplasmic expression in benign endo-
metrial tissue 
 
Most of the benign endometria showed a non-
detective level of Nrf2 expression. Only a few 
showed weak positive staining of Nrf2 in a small 
percentage of the cells. Of the 28 tested benign 
cases, 1 (4%) atrophic, 2 (7%) proliferative, and 
1 (4%) secretory endometria showed weak Nrf2 
staining in less than 25% of the cells. The Nrf2 
staining index overall was 30 or less for the 
staining extents and 20 or less for the intensity 
in the benign endometrial glandular cells. De-
tailed data are summarized in Table 1.  
 
Nrf2 cytoplasmic expression in endometrial 
cancer precursors 
 
A total of 81 precursor lesions studied, the ex-

tent of Nrf2 (score index) was the highest in 
serous EIC (204), followed by serous EmGD 
(190), clear cell EIC (114), clear cell EmGD 
(100), and AEH/EIN (33). The score index for 
the staining intensity among the above lesions 
showed a similar order with the highest in se-
rous EIC (164), followed by serous EmGD (125), 
clear cell EIC (100), clear cell EmGD (60), and 
AEH/EIN (50). Detailed data are summarized in 
Table 1. Representative pictures displaying Nrf2 
expression in endometrial precursor lesions are 
presented in Figures 1 and 2.  
 
Nrf2 cytoplasmic expression in endometrial 
cancers 
 
Among all 122 studied endometrial cancers, 
Nrf2 expression was the highest in cases of ESC 
with the extent and intensity score index of 279 
and 189, respectively. This was followed by 
other carcinoma category (113 and 125), clear 
cell carcinoma (96 and 81), endometrioid carci-
noma (62 and 44), and mucinous carcinoma 
(13 and 13).  
 
In cases of ESC, 37 (90%) of 41 had Nrf2 ex-
pression with 37% showing staining in more 
than 80% of the tumor cells and at least moder-
ate intensity in more than 80% of the cases. 
This was dramatically different from endo-
metrioid carcinomas, which only had 1 (2%) of 
50 with more than 80% cells and 5 (10%) cases 
with moderate intensity of Nrf2 expression. 
Overall there were 17 (44%) of 50 endometrioid 
carcinomas showed various levels of Nrf2 ex-
pression in cytoplasm. Based on FIGO grade, 
the distribution of FIGO grades in the 17 endo-
metrioid carcinomas with Nrf2 staining was as 
follows: grade 3 (n=7), grade 2 (n=9), and grade 
1 (n=1). The mucinous carcinoma showing Nrf2 
staining was a FIGO grade 2 tumor. Since there 
were not enough cases of type I endometrial 
cancer that showed any Nrf2 expression, the 
relationship between Nrf2 staining and tumor 
grade and the depth of myometrial invasion 
were not evaluable.  
 
The level of Nrf2 expression was intermediate in 
other carcinoma category. This was probably 
due to the mixture of cancers including undiffer-
entiated carcinomas and squamous cancers in 
this category. The level of Nrf2 expression in 
clear cell carcinomas was similar to those can-
cers in the other category, while the lowest ex-
pression was seen in mucinous carcinomas.  
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Nrf2 immunoreactivity was negative in stromal 
cells, myometrium and vascular endothelia 
among all cases studied. The summarized data 
are presented in Table 1. Representative im-
ages displaying Nrf2 expression patterns in en-
dometrial cancers are presented in Figure 3. 

 
Comparison of Nrf2 staining patterns in endo-
metrial cancers and their precursor lesions 
 
Nrf2 expression was mainly in cytoplasm and 
the level of expression was heterogeneous. If 
positivity for Nrf2 is defined as ≥50% staining, 

Table 1. Nrf2 cytoplasmic immunoreactivity in endometrial tissue 

  Case/ 
Foci 

Extent of Tissue Staining (Cytoplasmic) 

  Assessed 
Scores 

80-100% 
4 (%) 

50-79% 
3 (%) 

25-49% 
2 (%) 

<25% 
1 (%) 

0% 
0 (%) 

Index 

Benign 28             
    Atrophic 10 0 (0) 0 (0) 1 (10) 1 (10) 8 (80) 30 
    Proliferative 10 0 (0) 0 (0) 0 (0) 2 (20) 8 (80) 20 
    Secretory 8 0 (0) 0 (0) 0 (0) 1 (13) 7 (87) 13 
Precursor lesion 81             
    AEH or EIN 18 0 (0) 0 (0) 0 (0) 6 (33) 12 (67) 33 
    Serous EmGD 20 6 (30) 2 (10) 3 (15) 2 (10) 7 (35) 190 
    Serous EIC 25 8 (32) 3 (12) 2 (88) 6 (24) 6 (24) 204 
    CC EmGD 10 1 (10) 1 (10) 1 (10) 1 (10) 6 (60) 100 
    CC EIC 8 0 (0) 2 (25) 1 (13) 1 (12) 4 (50) 114 
Invasive Camcer 122             
    Endometrioid 50 1 (2) 2 (4) 7 (14) 7 (14) 33 (66) 62 
    Serous 41 15 (37) 13 (32) 7 (16) 2 (5) 4 (10) 279 
    Clear Cell 15 1 (7) 1 (7) 2 (13) 3 (20) 8 (53) 95 
    Mucinous 8 0 (0) 0 (0) 0 (0) 1 (13) 7 (87) 13 
    Others 8 0 (0) 2 (25) 1 (13) 1 (12) 4 (50) 113 
    Intensity of the Immunereactivity (cytoplasmic) 

  Assessed 
Scores 

Strong 
3 (%) 

Moderate 
2 (%) 

Weak 
1 (%) 

Absent 
0 (%) 

Index 

Benign   28           
    Atrophic   10 0 (0) 0 (0) 2 (20) 8 (80) 20 
    Proliferative   10 0 (0) 0 (0) 2 (20) 8 (80) 20 
    Secretory    8 0 (0) 0 (0) 1 (13) 7 (87) 13 
Precursor lesion   81           
    AEH or EIN   18 0 (0) 3 (17) 3 (16) 12 (67) 50 
    Serous EmGD   20 3 (15) 6 (30) 4 (20) 7 (35) 125 
    Serous EIC   25 4 (16) 10 (40) 5 (20) 6 (24) 164 
    CC EmGD   10 0 (0) 2 (20) 2 (20) 6 (60) 60 
    CC EIC    8 1 (13) 2 (25) 3 (37) 2 (25) 126 
Invasive Cancer  122           
    Endometrioid   50 0 (0) 5 (10) 12 (24) 33 (66) 44 
    Serous   41 8 (19) 25 (61) 4 (10) 4 (10) 189 
    Clear Cell   15 1 (7) 3 (20) 3 (20) 8 (53) 81 
    Mucinous    8 0 (0) 0 (0) 1 (13) 7 (87) 13 
    Others    8 2 (25) 2 (25) 0 (0) 4 (50) 125 
Note:  Serous EmGD is equivalent to serous type endometrial dysplasia grade 1 and 2;  Serous EIC is considered as grade 3 dys-
plastic glands; Clear cell (CC) EmGD covers grade 1 and grade 2 CC carcinoma precursor lesions; while CC EIC is the grade 3 pre-
cursor lesion of CC carcinoma.  The positive score index represents the sum of either staining extent or intensity times the number 
of positive cases in each category. 
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irrespective of intensity of staining, the results 
can be summarized as follows: Of all endo-
metrial cancer precursors, Nrf2 staining was 
positive in none of AEH or EIN cases, 40% se-

rous EmGDs, 44% serous EICs, 20% clear cell 
EmGDs, and 25% clear cell EICs. Among all en-
dometrial cancers, we observed that Nrf2 was 
positive in 6% EECs, 68% ESCs, 14% CCCs, 

Figure 1. Nrf2 immunostaining in endometrial precancerous lesions. Negative Nrf2 immunostaining was seen in a 
case of atypical endometrial hyperplasia (right upper panel). In contrast, intense diffuse Nrf2 immunoreactivity was 
observed in serous EmGD glands (left side of the right lower panel). Stromal cells were negative. (original magnifica-
tions: 200x). 

Figure 2.  Nrf2 staining in endometrial serous carcinoma and its precursor lesions. Nrf2 was strongly and focally posi-
tive in cytoplasm of serous EmGD (left). Strong and diffuse positive staining was seen in both serous EIC (mid) and 
endometrial serous carcinoma (right). (original magnifications: 200x). 
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none of mucinous carcinomas, and 25% of 
other endometrial cancers. The data are sum-
marized in Figures 4 and 5 and corresponding 
statistical comparison results are listed in Table 
2.  
 
Overall, ESCs including their precursor lesions 
showed a significant different staining pattern 

for Nrf2 compared with type I cancers and their 
precursor lesions (p < 0.001). Both ESC and 
CCC are classified into type II cancers, however, 
ESC showed a significantly higher frequency of 
Nrf2 expression (68%) than CCC (13%) (p = 
0.001). Although CCCs showed a higher Nrf2 
friequency (13%) than EECs (6%), the difference 
was not statistically different (p = 0.325). When 

Figure 3. Nrf2 staining in endometrial cancers. Nrf2 was focally positive in an endometrioid carcinoma (upper panel), 
while diffuse cytoplasmic and focal nuclear staining was seen in an endometrial serous carcinoma (lower panel). 
(original magnifications: 200x). 

 
Figure 4. Nrf2 expression in 
endometrial cancers. The 
graph was generated when 
≥50% positively stained 
cells irrespective of intensity 
of staining was defined as 
positive.  
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comparison was carried out inside those serous 
subgroups, Nrf2 expression was significantly 
higher in ESCs than that in lesions of serous 
EmGD (p = 0.035) and serous EIC (p = 0.052). 
However, there were no significant differences 
for serous EIC when compared with serous 
EmGD. For all clear cell lesions, no statistical 
differences were found among EmGD, EIC and 
CCC. Among all EIC lesions, the difference of 
Nrf2 expression approached a statistical signifi-
cance between serous and clear cell EICs (p = 

0.05). Within the cate-
gory of EmGD, there were 
no significant differences 
of Nrf2 expression be-
tween serous EmGD and 
clear cell EmGDs (p = 
0.119). Compared with 
both serous and clear 
cell EIC, AEH or EIN 
showed less Nrf2 posi-
tive cases (p < 0.001) 
than the former but no 
difference than the later. 
The similar findings were 
observed in the corre-
sponding type II precan-
cerous lesions. The 
above data are summa-
rized in Table 3. 
 
Western blot detecting 
Nrf2 protein expression 
in neoplastic endometrial 
tissues/cells 
 
We also used western 
blots to measure the re-
activity of Nrf2 antibody 
with Nrf2 protein pro-
duced by endometrial 
cancer cell lines and neo-
plastic endometrial tis-
sues. Nrf2 antibodies 
reacted with a protein at 
about 110 kD, the ex-
pected molecular weight 
for Nrf2 (Figure 6). Nrf2 
was highly expressed in 
SPEC-2 cells, an endo-
metrial carcinoma cell 
line derived from tumor 
tissue of ESC. In contrast, 
marginal expression of 
Nrf2 was detected in 

Ishikawa cells, which was derived from a well 
differentiated EEC. Among the endometrial tis-
sues tested, the highest level of Nrf2 was seen 
in cases of ESC and serous EIC. The level of 
Nrf2 expression in a case of EmGD was compa-
rable to a case of endometrioid carcinoma. No 
Nrf2 was detected in cases of mucinous carci-
noma or AEH/EIN or benign proliferative endo-
metrium. The cases with highly expressed Nrf2 
detected by western blot also showed high level 
of expression in IHC slides, while the lower or 

Figure 5. Nrf2 expression in endometrial intraepithelial neoplastic lesions. The 
graph was generated when ≥50% positively stained cells irrespective of intensity 
of staining was defined as positive.  

Figure 6. Western blotting of Nrf2 expression in endometrial specimens. Nrf2 pro-
tein was shown as a 110 kD band on western blot. Actin used as a load control. 
Bar graph (low panel) represented a ratio of Nrf2 and actin. Lane 1, SPEC 2 cells 
(derived from an endometrial serous carcinoma and known to express a high level 
Nrf2) served as a positive control; Lane 2, Ishikawa cells (derived from a well dif-
ferentiated endometrioid carcinoma); Lanes 3 and 4: endometrial serous carcino-
mas; Lane 5, serous EIC; Lane 6, serous EmGD; Lane 7, endometrioid carcinoma; 
Lane 8, mucinous carcinoma; Lane 9, Atypical endometrial hyperplasia; and Lane 
10, benign proliferative endometrium. 
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none expression cases were negative on IHC 
slides. Therefore, the results of IHC and western 
blot were correlated to each other.  
  
Discussion 
 
In the last 2 decades, there have been great 
progress in the study of carcinogenesis of type I 

endometrial cancer [45]. However, studies on 
type II carcinogenesis have been remarkably 
limited until recently. Type II endometrial cancer 
represents only about 15% of the endometrial 
cancers but accounts for approximately 80% of 
endometrial cancer-related deaths [46]. In con-
trast, type I cancers constitute up to 85% of all 
endometrial cancers which are typically with a 

Table2.  Nrf2 nuclear immunoreactivity in neoplastic endometrium 
  Case/Foci Assessed Positive 

Precursor Lesion 81  

           AEH/EIN 18 0 (0%) 
           Serous EmGD 20 3 (15%) 
           Serous EIC 25 6 (24%) 
           Clear cell EmGD 10 2 (20%) 
           Clear cell EIC 8 1 (13%) 
      

Invasive Carcinoma 122   
           Endometrioid 50 3 (6%) 
           Serous 41 9 (22%) 
           Clear cell 15 1 (7%) 
           Mucinous 8 0 (0%) 
           Others 8 1 (13%) 
Note:  Serous EmGD is equivalent to serous type endometrial dysplasia grade 1 and 2;  Serous EIC is considered as 
grade 3 dysplastic glands; Clear cell EmGD covers grade 1 and grade 2 clear cell carcinoma precursor lesions; while 
clear cell EIC is the grade 3 precursor lesion of clear cell carcinoma. 

 

Table 3.  Statistical comparison of endometrial neoplastic lesions 

Parameter a vs. Perameter b Positive rates 
(Parameter a) 

Positive rates 
(Parameter b) 

P (X2-test) 

Endometrioid Ca vs. ESC 3/50 (6%) 28/41 (68.3%) <0.001 
ESC vs. CCC 28/41 (68.3%) 2/15 (13.3%) 0.001 
Endometrioid Ca vs. CCC 3/50 (6%) 2/15 (13.3%) 0.325 
Serous EmGD vs. ESC 8/20 (40%) 28/41 (68.3%) 0.035 
Serous EIC vs. ESC 11/25 (44%) 28/41 (68.3%) 0.052 
Serous EmGD vs. serous EIC 8/20 (40%) 11/25 (44%) 0.787 
Serous EIC vs. clear cell EIC 11/25 (44%) 2/8 (25%) 0.05 
serous EmGD vs. clear cell EmGD 8/20 (40%) 2/20 (10%) 0.119 
AEH vs. selous EIC 0/18 (0%) 11/25 (44%) < 0.001 
AEH vs. clear cell EIC 0/18 (0%) 2/8 (25%) 0.278 
AEH vs. serous EmGD 0/18 (0%) 8/20 (40%) 0.003 
AEH vs. clear cell EmGD 0/18 (0%) 2/20 (10%) 0.419 
AEH: atypical endometrial hyperplasia; EmGD: endometrial glandular dysplasia; Endometrioid Ca: endometrioid car-
cinoma; ESC: endometrial serous carcinoma; CCC: clear cell carcinoma; EIC: endometrial intraepithelial carcinoma. 
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good prognosis. Therefore, the development of 
molecular markers specific for the different his-
tologic types would provide useful adjuncts to 
the morphologic assessment of endometrial 
lesions and thus facilitate patient care. Mean-
while, it is clinically important if the molecular 
markers actually play a role in carcinogenesis 
so that an effective therapeutic intervention 
may be administered.  
 
In this report, we examined the expression of 
Nrf2 in a large number of endometrial tissue 
samples. We found that Nrf2 is an excellent 
cytoplasmic marker by immunohistochemistry 
to differentiate ESC from other endometrial can-
cers. Nrf2 was expressed in a significantly 
higher proportion of ESC (68%), as compared 
with endometrioid carcinomas (6%) (p < 0.001), 
clear cell carcinoma (13%) (p = 0.001), and 
other endometrial cancers (Tables 1 and 2). 
Mucinous carcinoma showed negative staining 
in 7 of the 8 cases tested. Non-neoplastic endo-
metrial tissues were mostly negative. Therefore, 
assimilation of entire data indicates that Nrf2 
expression pattern appears to be completely 
different between ESC and other endometrial 
cancers. Nrf2 seems to be a highly sensitive 
and specific cytoplasmic marker for the serous 
type of endometrial cancers. Positive staining, 
particularly in more than 50% of the neoplastic 
cells with at least moderate staining intensity, 
may lead us toward the diagnosis of an endo-
metrial serous neoplasm, which has a serious 
impact in clinic [47, 48].  
 
Furthermore, Nrf2 protein expression was dra-
matically different among the endometrial pre-
cursor lesions. EmGD including both serous and 
clear cell types are recognized precancers of 
ESC and CCC, respectively [38, 39, 49, 50]. Se-
rous EIC, although develops earlier than ESC, is 
considered an early form of ESC due to its high 
association of extrauterine disease [47, 51, 52]. 
AEH and/or EIN are well recognized type I pre-
cancer [50]. Nrf2 was negative in such lesions 
(Table 2), whereas it was positive in a substan-
tial number of precursor lesions of type II can-
cer, which illustrated an interesting contrast. 
The expression rates of Nrf2 were dramatically 
increased in both serous EmGD (40%) and EIC 
(44%) as compared with lesions of AEH/EIN 
(0%) or corresponding clear cell precursors 
(10% and 25%, respectively) (Table 2). In our 
opinion, the congruence in the expression rates 
between serous EmGD and serous EIC suggests 

that endometrial neoplasia with serous differen-
tiation is not only different from those with en-
dometrioid as previously known [45] but also 
different from those with clear cell differentia-
tion. Moreover, the high level of Nrf2 expression 
in serous EmGD is a solid line of evidence link-
ing this precancer to the full-blown ESC.  
 
More evidence has indicated a positive role of 
Nrf2 in carcinogenesis and chemoresistance. 
The first evidence came from the finding that 
Nrf2 was elevated during hepatocarcinogenesis 
[32]. Its elevation was then found in many can-
cers including lung, ovary, and breast when the 
Nrf2 negative regulator Keap1 lost function [23-
27, 30, 31]. Using genetic manipulation, 
Zhang’s group and others have demonstrated a 
strong positive correlation between Nrf2 levels 
and resistance to chemotherapeutic drugs such 
as cisplatin in both endometrial and ovarian 
cancer cells [23, 31]. Furthermore, we have 
recently shown that reduced levels of Nrf2 
(either directly or via manipulation of its nega-
tive regulator) significantly sensitized SPEC-2 
cells and its xenografts to chemotherapeutic 
drugs [28]. Collectively, these findings may ex-
plain why Nrf2 is associated with tumor progres-
sion and the aggressiveness of ESC. Further 
studies are required to investigate how the level 
of Nrf2 is regulated in ESC and its precancers. 
 
It is interesting to note that Nrf2 expression in 
CCC and its precursors was closer to that in 
EEC, rather than that in ESC. There is, thus far, 
no molecular study on endometrial cancer that 
included a sufficient number of clear cell carci-
noma has been published. In various studies, a 
small number of CCCs were analyzed, mostly 
together with ESC. Thus, it has been speculated 
that CCC is similar to ESC. However, evidence 
supporting that they have different molecular 
pathogenesis pathways does exist. Compared to 
ESC, alterations of p53, PTEN, K-Ras, and EGFR 
were significantly different in CCC [53, 54]. 
Therefore, it is not clear if pathogenesis of CCC 
is similar to ESC. Significantly different Nrf2 
expression between CCC and ESC and their pre-
cursors is supportive of a different pathogenetic 
mechanism in these type II endometrial can-
cers.  
 
In summary, our results in this study indicate 
that expression of Nrf2 is closely associated 
with endometrial serous cancer, while it seems 
not related to type I endometrial cancer. Impor-
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tantly, strong and diffuse Nrf2 cytoplasmic ex-
pression is highly sensitive for ESC including its 
early and pre-cancers. As a result, Nrf2 may 
serve as a useful diagnostic marker in the as-
sessment of endometrial cancers and their pre-
cursor lesions, particularly when the amount of 
available tissue material is limited and morphol-
ogy is ambiguous. Alteration of Nrf2 expression 
may represent one of the early molecular events 
in the neoplastic transformation of endometrial 
serous cancers. Furthermore, overexpression of 
Nrf2 may be partially responsible to the aggres-
sive biological behavior and dismal clinical out-
come of ESC due to its known effect of in-
creased resistance to chemotherapeutic drugs. 
The findings may also provide an opportunity for 
therapeutic intervention against chemoresis-
tance via applications of either Nrf2 inhibitors or 
gene knockdown approaches for ESC.  
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