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Abstract 
 
Background PAX8 is a nuclear transcription factor with limited expression in normal and neoplastic tissues, it has the 

potential to induce tumorigenesis and is expressed in a tissue during neoplastic transformation. PAX8 is 
a useful marker to distinguish gynecologic cancers from non-gynecologic malignancies. 

Objective To assess the immunohistochemichal expression of PAX8 in ovarian surface epithelial tumors. 

Methods This study included a total of 100 ovarian tissue paraffin blocks, 70 tissue paraffin blocks of ovarian 
tumors obtained from patients who underwent total abdominal hysterectomy and bilateral salpingo-
oophorectomy and 30 tissue paraffin blocks were the control group included normal ovarian tissue and 
fallopian tubes tissue. From each paraffin block, 2 sections were taken, one was stained with the routine 
hematoxylin and eosin stain and the other section was stained immunohistochemically for PAX8. 

Results PAX8 showed a high significant difference in its immunohistochemical expression between the control 
group and the case group with the highest expression in malignant ovarian surface epithelial tumors (P < 
0.001). Also, PAX8 showed a highly significance in the expression of PAX8 in relation to histopathological 
types (P < 0.001) except for the mucinous tumors, which showed statistically non-significance (P = 
0.641), also, a highly significant relation with the increment of tumor grade (r = 0.769, P < 0.001). PAX8 
showed a non-significant relation with increase of the age (r = 0.147, P= 0.225), with tumor stage (r = 
0.433, P = 0.057), with the presence of ascites (P = 0.446). 

Conclusion The highly significant differences in the immunohistochemical expression of PAX8 in the ovarian surface 
epithelial tumors tissues compared to the control groups reflect its important role in ovarian 
tumorigenesis. Besides PAX8 can be used as an important marker for discriminating ovarian non-
mucinous from mucinous tumors. Also, there is a possible role of PAX8 in the development and 
differentiation of ovarian malignant surface epithelial tumor. 
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Introduction 

varian cancer represents the 6th most 
commonly diagnosed cancer among 
women around the world, and each 

year it cause more deaths than any other 
cancer of the  female reproductive system (1). It 
is found to be the 2nd most common 
gynecological malignancy in the United States, 
and it is the leading cause of death in more 
than 13,000 each year in the United States. The 
risk that a woman can develops ovarian cancer 
is 1/71 (2,3). In Iraq, ovarian tumors rank the 6th 
commonest cancer among females and O 
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constituted 4.1% according to latest published 
Iraqi Cancer Board Registry in 2011 (4).  
Surface epithelial tumors represent about 90% 
of primary ovarian tumors, which can be found 
solid, cystic or mixture of both, they can be 
benign, borderline or malignant. These tumors 
represent 15% of all epithelial ovarian cancers, 
with the serous and mucinous types making up 
the vast majority of cases (5). The ovarian 
surface epithelium develops from the coelomic 
epithelium (mesothelium) that covering the 
embryonic gonad. This epithetlium is 
continuous with the coelomic epithelium that 
penetrates the underlying mesenchyme to 
form the Müllerian duct. This embryonic close 
proximity is reflected in the various directions 
of Müllerian differentiation, which manifested 
by the ovarian surface epithelium when it 
undergoes neoplasia, such as tubal-type 
epithelium in serous neoplasms, endometrial 
epithelium in endometrioid tumors, and 
endocervical epithelium in at least some 
mucinous neoplasms (6). 
PAX8 is a nuclear transcription factor with 
limited expression in normal and neoplastic 
tissues in a cell lineage-dependent manner (7). 
It is a member of the PAX gene family, 
consisting of nine well-described transcription 
factors (PAX1-9) (8). PAX8 is important in 
embryogenesis of the thyroid, Müllerian, and 
renal/upper urinary tracts, it's also regulates 
Wilms tumor suppressor gene (WT1) 
expression (9,10). In the pancreas, PAX proteins 
play a critical role in islet cell differentiation (11). 
PAX8, initially detected in ovarian tumors and 
is characteristic for the epithelial histotypes 
(serous, clear cell, and endometrioid). So, 
positive expression of PAX8 represents a strong 
argument for the confirmation of the origin of 
ovarian carcinoma arising from the fimbrial 
area of Fallopian tubes or from an 
endometriosis foci.  Moreover, PAX8 allows the 
differentiation between Müllerian and non-
Müllerian origin which could be derived from a 
primary tumor in pancreas, colon or mammary 
glands (12). While the PAX8 expression is useful 
in the diagnosis of ovarian cancers, it failed to 

show any prognostic role in an analysis of 148 
serous ovarian carcinoma (13). 
The objectives of this study were to assess the 
immunohistochemichal expressions of 
transcription factor (PAX8) in ovarian surface 
epithelial tumors (including benign, borderline 
and malignant) and to study its relationship 
with the age of the patient, presence or 
absence of ascites, tumor histopathological 
type, tumor grade and tumor stage. 
 
Methods 
A retrospective study included a total of 100 
ovarian tissue paraffin blocks. Seventy tissue 
paraffin blocks were assigned as the case group 
included ovarian tumors obtained from patient 
who underwent total abdominal hysterectomy 
and bilateral salpingo-oophorectomy for 
malignant tumors, and ovarian cystectomy for 
benign tumors. These blocks were collected 
from Teaching laboratories of Medical City, Al-
Yarmook Teaching Hospital and private 
laboratories from January 2015 to April 2017. 
Thirty tissue paraffin blocks were assigned as 
the control group included normal ovarian 
tissue, inclusion cysts, corpus luteal cysts, 
follicular cysts, endometriosis (chocolate cyst), 
and fallopian tubes tissue, these blocks were 
collected from Medical City, Teaching 
laboratories from November 2016 to January 
2017. 
The clinico-pathological parameters including 
(age of patient, ascites, tumor type, and tumor 
grade and tumor stage) were obtained from 
patients' admission case sheets and pathology 
reports. 
From each paraffin block, 2 sections were 
taken, each of 5 µm thickness. One was stained 
with the routine Hematoxylin & Eosin (H&E) 
stain examined and the histopathological 
diagnosis, tumor histological type and grade 
according to FIGO system were revised by a 
pathologist (14). The other section was 
deparaffinized and rehydrated at room 
temperature, Antigen retrieval by Antigen 
retrieval citrate buffers pH 6.0 [DAKO, 
Denmark] was carried out by microwave 1x10 
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min then allowed to cool for 20 mins. Mouse 
monoclonal PAX8 antibody [PAX8R1] (ab53490) 
(Abcam, UK (dilution 5 µg/ml) applied to 
sections and were incubated for an overnight. 
Expose mouse and rabbit specific HRP/DAB 
detection IHC kit (ab80436) (Abcam, UK) 
reagents was used (15). Counterstaining of the 
sections by Mayer's Hematoxylin stain for 20-
30 seconds then followed by mounting of the 
sections by using Roti®-Mount Aqua (ROTH, 
Germany) followed by glass coverslip. Technical 
negative control was done by the omission of 
PAX8 antibody. 
 
Interpretation of immunohistochemistry 
staining and quality control for PAX8 
Immunohistochemically stained slides were 
reviewed and positive staining was based on 
the presence of nuclear expression, the 
staining expressions were scored with 
assessment of both staining percentage and 
staining intensity under the light microscopy as 
follow: 
A. The intensity: the intensity of positivity was 
scored as follows: 

0: no staining,  
1: weak,  
2: moderate,  
3: strong. 

B. The percentage: The extent of positivity was 
scored according to the percentage of cells 
showing positive staining as follows: 

• 0% is 0, negative 

• 1-25% is 1+ 

• 26-50% is 2+ 

• 51-75% is   3+ 

• 76-100% positive cells is 4+. 
These values [intensity and the percentage] 
then were multiplied, a final score with 
possible range of values from 0 to 12 was 
obtained. The scores = or > 1 were considered 
as positive (16).  
 
Statistical analysis 
Numerical data were presented as mean ± 
standard error, unpaired t-test was used to 
compare means between two groups while 

analysis of variance (ANOVA) was used in case 
if number of groups was more than two. 
Categorical data were presented as number 
and percentage. the comparison of number 
between different groups was done using 
Fisher exact test and chi square test. Pearson 
correlation was done between different 
parameters and presented as r (correlation 
coefficient) and p value (level of significance). P 
value < 0.05 was considered significant. The 
software used was Microsoft excel 2016 and 
SPSS (statistical package for social sciences) 
version 23. 
 
Results  
Among the 70 cases of ovarian surface 
epithelial tumors; 13 cases (65%) of benign 
tumors showed positive expression for PAX8, 
borderline tumors, 25 cases (83.3%) showed 
positive expression for PAX8, and the 
malignant tumors, 17 cases (85%) showed 
positive expression for PAX8 marker, while out 
of 30 cases of control group, only 2 cases 
(6.7%) showed positive expression of PAX8. 
According to that, there is a highly significant 
difference in the expression of PAX8 between 
the control group and the case group with the 
highest expression seen in malignant ovarian 
surface epithelial tumors (P < 0.001) (Table 1). 
According to semiquantitive scoring system, 
the control group showed the lowest  
immunohistchemical expression of PAX8 
(Mean=0.1, SE= 0.07), while the ovarian surface 
epithelial tumors scoring showed higher 
results, in which malignant ovarian surface 
epithelial tumors showed the highest 
immunohistchemical expression of PAX8 
(Mean= 9.3, SE= 1.01) , the borderline tumors 
immunohistchemical expression of PAX8 was 
(Mean= 6.13, SE= 0.66) and the benign tumors 
showed the lowest immunohistchemical 
expression of PAX8 among the ovarian surface 
epithelial tumors (Mean= 4.5, SE= 0.94),  
according to that, there is a highly significant 
difference in the immunohistochemical 
expression of PAX8 according to the 
semiquantitive scoring between the control 
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group and the case group with the highest 
expression seen in the malignant ovarian 

surface epithelial tumors (P < 0.001) (Table 2). 

 
 

Table 1. Frequency of the positive and negative expression of PAX8 in case and control groups 
 

Marker Expression 
Control 
No. (%) 

Benign 
No. (%) 

Borderline 
No. (%) 

Malignant 
No. (%) 

P value 

PAX8 
Positive 2 (6.7) 13 (65.0) 25 (83.3) 17 (85.0) 

< 0.001** 
Negative 28 (93.3) 7 (35.0) 5 (16.7) 3 (15.0) 

**: high statistically significant 
 
 

Table 2. Scores of immunohistochemical expression of PAX8 in control and ovarian tumors 
 

Marker 
Control 

N=30 
Mean±SE 

Benign 
N=20 

Mean±SE 

Borderline 
N=30 

Mean±SE 

Malignant 
N=20 

Mean±SE 
P value 

PAX8 0.1±0.07 4.5±0.94 6.13±0.66 9.3±1.01 < 0.001** 
**: high statistically significant 

 
According to the semiquantitive scoring PAX8 
showed a high significant difference among 
benign, borderline and malignant ovarian 
surface epithelial tumors in relation to 
histopathological types (P < 0.001) except for 
the mucinous tumors which showed non- 
significant difference in the 
immunohistochemical expression of PAX8 
according to the semiquantitive scoring 
(P=0.641). Also, a highly statistically significant 
difference in the immunohistochemical 
expression of PAX8 according to the 
semiquantitive scoring among serous, 
mucinous and others histological subtypes in 
relation to histological classification of ovarian 
surface epithelial tumors in to benign, 
borderline and malignant (P < 0.001) (Table 3).  
Among the 70 cases of ovarian epithelial 
tumors collected during the study, papillary 
serous cystadeno-carcinoma and serous 
adenocarcinoma showed the highest 
immunohistochemical expression score of 
PAX8 (Mean= 11.6, SE= 0.4) (Figure 1), followed 
by other histopathological subtypes 

[endometrioid adenocarcinoma (Figure 2), 
malignant brenner tumors, clear cell 
carcinoma, and transitional cell carcinoma] 
(Mean= 11.0, SE= 0.63), while in the mucinous 
cystadenocarcinoma was with ( Mean= 1.0, SE= 
1.0) (Table 3).  
PAX8 expression in borderline tumors was 
lower in serous tumors (Mean= 8.16, SE= 0.45) 
(Figure 3), mucinous (Mean= 0.43, SE= 0.3) and 
other histological subtypes (Mean= 6.5, SE= 
0.5) (Figure 4). Benign serous tumors PAX8 
expression was (Mean= 8.2, SE= 0.66) while 
benign mucinous cystadenoma and the other 
histological category showed the lowest 
expression of PAX8 (Table 3). 
Regarding other clinicopathological 
parameters, PAX8 showed a highly significant 
relation with the increment of tumor grade (r = 
0.769 and P < 0.001). PAX8 showed a non-
significant relation with increase of the age (r = 
0.147, P= 0.225), with tumor stage (r = 0.543, P 
= 0.013) (Table 4).  
There was no significant association found with 
the presence of ascites (P = 0.446) (Table 5). 
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Table 3. Score of the expression of PAX8 in relation to histopathological type of ovarian surface 
epithelial tumors 

 

Histopathology 
Benign 

Mean±SE 
Borderline 
Mean±SE 

Malignant 
Mean±SE 

P value 

Serous 8.2±0.66 8.16±0.45 11.6±0.4 < 0.001** 
Mucinous 0.25±0.25 0.43±0.3 1.0±1.0 0.641 NS 

Others 1.17±0.75 6.5±0.5 11.0±0.63 < 0.001** 

P value < 0.001** < 0.001** < 0.001**  

**: high statistically significant, NS: Non-statistically significant. Others = Endometrioid tumors, Brenner 

tumors, clear cell tumors, and transitional carcinoma 

 

 
Table 4. Relation of PAX8 expression with age, tumor grading, tumor staging 

 

Parameter 
PAX8 score 

r P 

Age (years) 0.147 0.225 NS 
Tumor grade (FIGO) 0.769 < 0.001** 
Tumor stage (FIGO) 0.433 0.057 NS 

**: high statistically significant, NS: Non-statistically significant. 

 
 

Table 5. Relation of PAX8 expression scores with presence of ascites 
 

Marker 

Ascites 

P value 
Positive 

N=33 
Mean±SE 

Negative 
N=37 

Mean±SE 

PAX8 score 7.0±0.82 6.19±0.69 0.446 NS 
NS: Non-statistically significant 

 
Discussion  
PAX8 plays an important role in the 
tumorigenic phenotype of ovarian cancer cells 
(8). Among the 70 cases of ovarian epithelial 
tumors; 13 cases (65%) of benign tumors 
showed positive expression for PAX8, 
borderline tumors, 25 cases (83.3%) showed 
positive expression for PAX8, and the 
malignant tumors, 17 cases (85%) showed 
positive expression for PAX8 marker. For the 
control group; out of 30 cases, only 2 cases 
(6.7%) showed positive expression of PAX8. 
According to the results of this study, there is a 

highly significant difference in the expression 
of PAX8 between the control group and the 
case group with the highest expression seen in 
malignant ovarian surface epithelial tumors (P 
< 0.001).  
The current study showed much lower level 
expression of PAX8 in control group than a 
study performed by Adler et al. which showed 
that PAX8 was expressed in 44% of the ovarian 
surface epithelial cells, while it was negative in 
56% of normal ovarian tissues and all stromal 
tissues (17). 
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Figure 1. Serous adenocarcinoma (FIGO grade III) tissue section showing positive brown nuclear 
expression of PAX8 monoclonal antibody of 95% of epithelial cells with strong intensity and 

score of 12 (arrows) (40×) 
 

 

 
 

Figure 2. Endometrioid adenocarcinoma (FIGO grade I) tissue section showing positive brown 
nuclear expression of PAX8 monoclonal antibody of 85% of epithelial cells with moderate 

intensity and score of 8 (arrows) (40×) 
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Figure 3. Borderline serous tumor tissue section showing positive brown nuclear expression of 
PAX8 monoclonal antibody of 45% of epithelial cells with moderate intensity and score of 4 

(arrows) (40×) 
 

 

 
 

Figure 4. Borderline endometrioid tissue section showing positive brown nuclear expression of 
PAX8 monoclonal antibody of 55% of epithelial cells with moderate intensity and score of 6 

(arrows) (40×) 
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This may be attributed to that in Adler et al. (17) 
study, PAX8 expression was evaluated in 27 
histologically normal ovaries that contained 
ovarian surface epithelial cells present on the 
surface while in current study not all the 30 
sections contained epithelial surface cells, so 
the variation in the level may be attributed to 
types of cases included in the study, 
geographical factor, difference in clone of 
marker used, and immonohistochemical 
technique. Parallel to our study results, normal 
ovarian surface epithelium was uniformly 
negative in the Bowen et al. (18) study analysis, 
which also demonstrate that PAX8 is expressed 
in the epithelial ovarian cancer cell line 
(OVCAR-3) and this support the hypothesis that 
PAX8 plays equivalent role in the development 
of epithelial ovarian cancer. In contrast to our 
study normal ovarian surface epithelium was 
positive in 62% of Turkish study by Ozcan et al. 
(20), which showed that PAX8 are constantly 
expressed in normal or non-neoplastic tissue of 
mullerian origin and parallel to this study 
results, Ozcan et al. (19) demonstrated that 
strong and diffuse staining of PAX8 was found 
in most cases of the primary ovarian epithelial 
tumors except for the mucinous type. The 
differences attributed to differences in sample 
size in which Ozcan et al study involved very 
large number samples, multiple organs were 
involved, difference in clone of marker used, 
and immonohistochemical technique. 
In the current study among the 70 cases 
collected, papillary serous cystadenocarcinoma 
and serous adenocarcinoma showed positive 
expression of PAX8 with the highest 
immunohistochemical expression level for 
PAX8. Mucinous tumors showed the lowest 
immunohistochemical expression levels of 
PAX8 among the ovarian surface epithelial 
tumors. A highly significant association of PAX8 
expression in relation to histopathological 
types (P < 0.001) except for the mucinous 
tumors which showed statistically non- 
significance (P = 0.641). 
An American study performed by Nonaka et al. 
found that PAX8 serves as an important marker 
for discriminating ovarian nonmucinous surface 
epithelial carcinomas, in which PAX8 reaction 
was found in 87.1% ovarian surface epithelial 

carcinomas, the commonest was serous 
papillary carcinomas, followed by 
endometrioid carcinomas, clear cell 
carcinomas, and mucinous carcinomas (10). The 
results of the immunohistochemistry stains of 
this study was 85%, which is parallel to Nonaka 
et al. (10) study, in which 87.1% of ovarian 
carcinomas positive for PAX8. Most of the 
tumors in the current study were of serous 
type, followed by ovarian non-mucinous 
tumors subtypes, which was parallel to Nonaka 
et al. (10) study. Serous malignant tumors 
showed highest expression levels of PAX8 
followed by endometrioid carcinoma and clear 
cell carcinoma. The current study was parallel 
to Nonaka et al. (10) study, in which the 
mucinous carcinoma type showed the lower 
expression levels of PAX8. In Ozcan et al. (19) 
study PAX8 showed strong and diffuse staining 
in most cases of all histologic subtypes, except 
in mucinous tumors, this study agrees with the 
current one (19). 
The current study showed a non-significant 
relation between the expression of PAX8 and 
increase of the age (r = 0.147 and P = 0.225). 
Due to the limited number of articles that 
consider the relation of PAX8 and age 
parameters we reviewed its relation in other 
organs, in which we found that the results of 
the current study go parallel to the Austrian 
study performed by Brunner et al. on the 
immunoexpression of PAX8 in endometrial 
cancer and its relation to high grade carcinoma, 
which found that no significant correlation was 
observed between PAX8 and patient age (21). 
Also parallel to other American study 
performed by Long et al. on PAX8 expression in 
well-differentiated pancreatic endocrine 
tumors, and its correlation with 
clinicopathologic features showed that PAX8 
expression was not correlated with patient age 
(11).  
Regarding the relation of PAX8 expression 
semiquantitive scoring and tumor grade in the 
current study, there is high significant relation 
between the expression of PAX8 and increase 
of tumor grade (r =0.769 and P < 0.001). Ozcan 
et al. mentioned that PAX8 was much more 
pronounced for high-grade carcinomas (99%) 
than for cystadenomas/borderline tumors 
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(96%), however they noted that the PAX8 
expression is independent of tumor grade, at 
least for serous tumors (19). Laury et al. 
mentioned that in the ovary about 92% of 
endometrioid carcinomas were positive for 
PAX8, and the higher the tumor grade, the 
more diffuse and stronger PAX8, however, they 
mentioned that there was no obvious relation 
with tumor grade in mullerian carcinomas as 
the majority of tumors of various subtypes 
were positive for PAX8 regardless tumor grade 

(9). While a positive correlation was observed 
between PAX8 and histologic grade in both 
Brunner et al. (20) (P=0.02) and Mhawech-
Fauceglia et al. (21) (P=0.002) in endometrial 
carcinoma.  
Regarding the relation of PAX8 
immunohistochemical expression and tumor 
stage, there was no significant relation 
between the PAX8 expression and increase of 
tumor stage (r = 0.433 and P = 0.057). The 
results of this study go parallel with the results 
of an American study performed by Mhawech-
Fauceglia et al., which found that though PAX8 
was expressed in 61% cases of 148 serous with 
late stage ovarian carcinoma, there was no 
association between PAX8 and tumor stage (22). 
Also, was parallel to the Malaysian study 
performed by Rhodes et al. (23), which noticed 
that the expression of PAX8 in the ovarian 
serous and endometrioid subtypes was not 
associated with stage and they regard this to 
the small number of cases, and the majority 
being with late stage. 
Regarding the relation of PAX8 expression and 
presence of ascites, among the 70 cases of 
ovarian surface epithelial tumors, there were 
33 cases present with ascites and PAX8 
expression score of (Mean = 7.0, SE = 0.82). 
According to that, there is non- significant 
relation between the expression of PAX8 and 
presence of ascites with P = 0.446. One study 
performed by Ayantunde and Parsons 
mentioned that ascites is an independent 
prognostic factor at presentation, and > 1/3 of 
women with ovarian cancer will develop ascites 
during their disease course, and this is not 
limited to a specific histological subtype (24). 
Also, the American study performed by 
Mhawech-Fauceglia et al. found that there was 

no correlation between PAX8 expression level 
and tumor stage, and it failed to predict a value 
in disease outcome (21). This support that there 
is no correlation between PAX8 expression 
levels and the presence of ascites. 
In conclusion, the current study shows a highly 
significant differences in the 
immunohistochemical expression of PAX8 in 
ovarian surface epithelial tumors tissues 
compared to control groups, which in turn 
reflects the important role of PAX8 in ovarian 
carcinoma development. Also, PAX8 
immunohistochemical expression was highest 
in ovarian epithelial tumors of serous type and 
lowest in the mucinous type, so that it can be 
used as an important marker for discriminating 
ovarian non-mucinous from mucinous tumors. 
The significant relation of PAX8 expression with 
higher tumor grade, may refer to the possible 
role of PAX8 in the development and 
differentiation of ovarian malignant surface 
epithelial tumor, which in turn suggests that 
PAX8 may promote the progression of ovarian 
cancer, through activation of the anti-apoptotic 
genes which promote increased cell 
proliferation through upregulation of 
epithelial-mesenchymal transition (EMT). 
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