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Endometrial cancer is the most common malignant neoplasm of the female repro-
ductive system. The number of diagnosed cases is increasing every year. In recent 
years, the triple-negative phenomenon (TNP) has been identified as one of the de-
terminants of shorter survival in endometrial cancer patients. The aim of the study 
was to compare the  PARP-1 protein expression in triple-negative (TNEC) and 
non-triple-negative (NTNEC) endometrial cancer patients and determine the re-
lationship between the  PARP-1 protein expression in endometrial cancer cells 
and patient’s overall survival depending on the adopted scale (H-SCORE < 75, 
H-SCORE < 50, Allred scale). 
The study involved 265 patients with histopathologically confirmed endometrial 
cancer. The patients were divided into 2 groups: patients with TNEC and patients 
with NTNEC. The study was conducted using a tissue microarray technique. Ex-
pression of PARP-1 protein was determined by immunohistochemistry.  
Protein expression evaluation was performed using virtual microscopy and the Im-
age Scope computer image analysis system. 
The following conclusions were reached: total and individual levels of nuclear or 
cytoplasmic PARP-1 expression varied with the presence or absence of TNP, and 
PARP-1 nuclear expression at the 2+ level had a significant effect on the increased 
risk of death (according to H-SCORE < 75).

Key words: endometrial cancer, PARP-1, triple-negative cancer.

Introduction 

Endometrial cancer is the  most common cancer 
of the female reproductive system in developed coun-
tries. According to a World Health Organization re-
port, the number of new cases of endometrial cancer 
was 417,376 in 2020, which is an increase of 90,117 
cases compared to 2018 [1]. Endometrial cancer is 
the sixth most common type of cancer found in wom-
en in the world.  Enzyme PARP-1 (poli ADP-ribose) 
polymerase is considered to be involved in the pro-

cesses of maintaining genome stability, chromatin re-
modeling, regulation of proliferation, differentiation, 
neoplastic transformation, and cell death [2]. Clinical 
trials are currently underway on the use of PARP-1 in-
hibitors in the treatment of endometrial cancer [3–6].

For the  first time, a  triple-negative phenomenon 
(TNP) was described for breast cancer. It is character-
ized by the lack of expression of PR, oestrogen recep-
tor, and human epidermal growth factor receptor 2 
(HER-2). The second cancer for which the TNP was 
described was endometrial cancer. It should be noted 
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that the  literature on triple-negative endometrial 
cancer is sparse [7–12]. There are different criteria 
for diagnosing triple-negative endometrial cancer 
[13–18]. In our study, we have compared TNP cri-
teria (H-SCORE < 75, H-SCORE < 50 and Allred 
scale) and its impact on survival [19]. Based on that 
study, we compare herein the PARP-1 protein expres-
sion in endometrial cancer for triple-negative (TNEC) 
and non-triple-negative (NTNEC) endometrial can-
cer patients and determine the relationship between 
the PARP-1 protein expression in endometrial cancer 
cells and patients’ overall survival (OS) depending on 
the adopted scale (H-SCORE < 75, H-SCORE < 50, 
Allred scale). 

Material and methods

Study group

The study included a group of 265 women with 
histopathologically confirmed diagnosis of  endome-
trial cancer. The patients were divided into 2 groups: 
patients with TNEC and patients with NTNEC, 
depending on the  score system used (H-SCORE  
< 75, H-SCORE < 50 or Allred scale). Histolog-
ical examinations of  patients who underwent sur-
gery in the  years 2004–2016 at the  Department 
of Gynaecology, Endocrinology, and Gynaecological 
Oncology at Pomeranian Medical University in Szc-
zecin, the  Department of  Perinatology, Obstetrics 
and Gynaecology at Pomeranian Medical University 
in Szczecin, and the  Gynaecological Department 
of the Ministry of Internal Affairs and Administration 
Hospital in Szczecin were performed at the Depart-
ment of  Pathomorphology at Pomeranian Medical 
University in Szczecin. At the end of the observation 
(9 October 2018), 53 patients did not survive and 
for 26 it was not possible to obtain information on 
the date of death. For prognosis assessment, the OS 
was defined as the time from surgery until the end 
of observation or until the patient’s death. The data 
were obtained from the death register by the Systems 
Management Department of  Ministry of  Digitiza-
tion of  the  Republic of  Poland. The study was ap-
proved by the Bioethics Committee of  the Pomera-
nian Medical University (no. KB-0012/01/01/2015 
of 07.01.2015). The clinical and morphological char-
acteristics of the study group are presented in Table I.  

Immunohistochemical staining

The technique of  tissue microarray (TMA) made 
of  paraffin blocks containing material collected for 
routine histopathological examination from a  post-
operative preparation fixed in 10% formalin and 
embedded in paraffin was used in the  study. The 
expression of PARP-1 was determined by immuno-
histochemistry. The preparations were dewaxed in 

an incubator (temperature 60°C), then, to unmask 
the  antigen, the  preparations were heat treated at 
96°C, pH = 9. The sections cooled down to 65°C  
and then were incubated with peroxidase solution and 
then with the  tested antibody (monoclonal mouse 
anty-PARP-1, clone F-2, dilution 1:500; Santa Cruz 
Biotechnology) Visualization of the antigen-antibody 
reaction was done with detection system EnVision™ 
FLEX (Dako). Slides were stained with Mayer’s hae-
matoxylin, dehydrated, and covered with coverslips. 

Evaluation of protein expression

The percentage of  endometrial cancer cells  
expressing PARP-1 was calculated using virtual mi-
croscopy and the ImageScope computer image anal-
ysis system.  Material from 3 tissue cores taken from  
3 different places of the cancer was analysed for each 
patient. The total number of  cells analysed from 
the  material collected from one patient was equiv-
alent to the number of  cells from 3 different tissue 
cores. The level of nuclear and cytoplasmic PARP-1 
expression in terms of  weak (1+), moderate (2+), 
and strong (3+) reaction was analysed by the  sys-
tem. We looked for a relationship between the degree 
of PARP-1 nuclear expression at particular expression 
levels (1+, 2+, 3+) and the total nuclear expression 
of  PARP-1, depending on the  presence or absence 
of  TNP. Similar analysis was performed in relation 
to the  intensity of  PARP-1 cytoplasmic expression. 
The stages of computer image analysis are presented 
in Figure 1.

Statistical analyses

The normality of  the  distributions of  all vari-
ables was checked by the Kolmogorov-Smirnov test. 
These variables were described by means, standard 
deviations, and medians. The statistical differences 
between the 2 groups were checked with Student’s 
t-test or the Mann-Whitney U test. The results were 
described by the  probability (p). A  Cox regression 
model was used to estimate which factors increase 
the chance of survival. The results were described by 
the hazard ratio along with the 95% confidence in-
terval and the probability. The statistically significant 
differences in all the tests performed were those for 
which the probability was lower than 0.05.

Results

According to H-SCORE < 75, we found higher 
PARP-1 nuclear expression at the  level of   1+ in 
TNEC. There were no other significant differences 
in nuclear or cytoplasmic expression of  PARP-1 in 
TNEC and NTNEC. Cox regression analysis revealed 
that PARP-1 nuclear expression at the 2+ level had 
a  significant effect on the  increased risk of  death.  
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According to H-SCORE < 50, there was a lower per-
centage of  cells expressing PARP-1 nuclear expres-
sion in TNEC. The higher percentage of  cells with 
nuclear expression at the 1+ level and a reduced per-
centage at the  level of 3+ was found in TNEC. In 
TNEC there was also a higher percentage of cells with 
PARP-1 cytoplasmic expression at the 1+ level and 
a reduced percentage at the level of 3+. There were 
no other significant differences in nuclear or cytoplas-
mic expression of  PARP-1 in TNEC and NTNEC. 
Cox regression analysis did not show that PARP-1 
expression increases the risk of death. According to 
the Allred scale, TNEC showed a greater percentage 
of  cells with PARP-1 nuclear expression at the  1+ 
level and a decreased percentage at the level of 3+. 

There were no other significant differences in nuclear 
or cytoplasmic expression of PARP-1 in TNEC and 
NTNEC. Cox regression analysis showed that PARP-1 
expression did not increase the risk of death. All re-
sults are shown in Tables II–V.

Discussion

Considering the fact that commonly used chemo-
therapeutic agents act in the mechanism of damaging 
the DNA of cancer cells as well as normal cells, it is 
important to look for other methods of  eliminating 
cancer cells. One way of  reducing the  side effects 
of  the  therapy is to administer a  chemotherapeutic 
drug to the  blood vessel responsible for nourishing 

Table I. Characteristics of the study group 

Parameters Characteristics N = 265 Percentage

Age at diagnosis ≤ 57 65 24.53

57–70 135 50.94

> 70 65 24.53

FIGO and WHO 
histological type

Endometrioid 
carcinoma

254 95.85

Mucinous carcinoma 0 0.00

Serous carcinoma 4 1.51

Clear-cell carcinoma 3 1.13

Neuroendocrine 
neoplasm

1 0.38

Mixed-cell 
adenocarcinoma

1 0.38

Undifferentiated 
carcinoma

2 0.75

Grading G1 144 54.34

G2 92 34.72

G3 29 10.94

FIGO clinical stage IA 155 58.49

IB 68 25.66

II 24 9.06

IIIA 15 5.66

IIIB 0 0.00

IIIC 1 1 0.38

IIIC 2 0 0.00

IVA 1 0.38

IVB 1 0.38

TNP H-SCORE < 75 H-SCORE < 50 Allred scale

n % n % n %

– 225 84.91 236 89.06 238 89.81

+ 40 15.09 29 10.94 27 10.19
FIGO – Federation of Gynaecology and Obstetrics, TNP – triple-negative phenomenon, WHO – World Health Organization
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the tumour tissue. Another promising line of research 
is the  use of  drugs that selectively suppress genes 
that are responsible for DNA reparation. It has been 
observed that cells are killed when 2 DNA damage 
repair pathways are blocked. Therefore, the research-
ers’ interest was attracted by the genes and proteins 
responsible for DNA reparation, including the BRCA 
1/2 genes and the PTEN or PARP-1 proteins. In this 
study, the expression of PARP-1 protein was analysed 
with regard to the TNP. It is noteworthy that no re-
ports of PARP-1 expression in TNP (+) endometrial 
cancer were published at the time of the studies de-

scribed in this paper. Bryant et al. found the  lethal 
effect of  the  use of  PARP-1 inhibitors on cell lines 
defective of  the  protein involved in DNA repair in 
the  mechanism of  homologous recombination [20]. 
Another team of  researchers found higher mortality 
of cells with a mutation in the PTEN gene after the use 
of  olaparib [21]. Moreover, it has been proven that 
administration of PARP-1 inhibitors leads to sensitiza-
tion of neoplastic cells to the action of chemotherapeu-
tic agents. According to Magan et al. Administration 
of PARP-1 inhibitors accelerates cell death in response 
to doxorubicin therapy [22]. It was observed that  

A

C

B

D

Fig. 1. Immunohistochemical staining for PARP-1 in endometrial cancer cells (stages of  computer image analysis).  
A) Slide before computer analysis; B) Marked area for computer analysis; C) Marking the areas excluded from computer 
analysis; D) Computer analysis of the selected area
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Table IV.  The relationship between PARP-1 nuclear expression and overall survival according to different score systems 
(Cox regression analysis)

Parameters H-score < 75 H-score < 50 Allred scale

HZ 95% CI p HZ 95% CI p HZ 95% CI p

All cells with positive 
expression

1 0.93 1.07 0.98 1.02 0.94 1.1 0.69 0.99 0.92 1.06 0.74

Cells with strong 
positive expression 3+

1.02 0.99 1.05 0.19 1.02 0.99 1.05 0.16 1.02 0.98 1.05 0.42

Cells with moderate 
positive expression 2+

0.94 0.88 1 0.04 0.94 0.89 1.01 0.08 0.93 0.87 1 0.06

Cells with weak 
positive expression 1+

0.98 0.91 1.05 0.49 0.97 0.89 1.06 0.51 1.01 0.91 1.12 0.82

Cells without 
expression 

1 0.93 1.07 0.98 0.98 0.91 1.07 0.69 1.01 0.94 1.09 0.74

HZ – hazard ratio

Table V.  The relationship between PARP-1 cytoplasmatic expression and overall survival according to different score 
systems (Cox regression analysis)

Parameters H-score < 75 H-score < 50 Allred scale

HZ 95% CI p HZ 95% CI p HZ 95% CI p

All cells with positive 
expression

0.97 0.92 1.03 0.36 0.98 0.94 1.02 0.23 0.97 0.91 1.03 0.29

Cells with strong 
positive expression 3+

0.98 0.96 1.01 0.25 1 0.94 1.06 0.95 0.97 0.92 1.01 0.16

Cells with moderate 
positive expression 2+

1 0.94 1.06 0.99 1 0.94 1.06 0.99 1 0.93 1.07 0.9

Cells with weak 
positive expression 1+

1.02 0.99 1.06 0.25 1.03 0.98 1.07 0.22 1.04 0.99 1.09 0.13

Cells without 
expression 

1.03 0.97 1.09 0.36 1.02 0.96 1.09 0.45 1.03 0.97 1.1 0.29

HZ – hazard ratio

after using PARP-1 inhibitors on cell lines, the percent-
age of cells responding to paclitaxel therapy increased 
[23]. Both doxorubicin and platinum derivatives are 
used in the treatment of advanced endometrial cancer. 
Other authors noted the influence of oestrogen levels 
on the  therapeutic effect of olaparib in cells lacking 
the PTEN protein. In mice deprived of appendages, 
the tumour volume was reduced by a factor of 6 fol-
lowing PARP-1 inhibitor testing. This relationship has 
not been observed in the case of normal oestrogen lev-
els [6]. According to our study, TNEC was character-
ized by a lower percentage of cells with positive nuclear 
expression of PARP-1 receptor. It should be empha-
sized that this relationship occurred only in the case 
of  TNP diagnosis according to H-SCORE criteria 
< 50. According to H-SCORE < 75 criteria, there 
was a higher PARP-1 nuclear expression at the level 
of  1+ in TNEC. It is noteworthy that according to 
H-SCORE < 50 criteria and the Allred scale there 
was a greater percentage of cells with PARP-1 nuclear 

expression at the 1+ level and a reduced percentage 
at the  level of 3+ in TNEC. A  similar relationship 
was observed in relation to the  cytoplasmic expres-
sion of PARP-1, but only in relation to the criterion 
according to H-SCORE < 50. This result shows that 
PARP-1 expression is variable. According to Ghabreau 
et al., in endometrial cancer, there was a correlation be-
tween the percentage of cells showing positive PARP-1 
expression and the histological degree of differentia-
tion. The higher grading was associated with a lower 
percentage of  PARP-1 expressing cells. The same 
authors found a linear relationship between PARP-1 
and PR expression. It should be noted that the cited 
study found no differences in the expression of PARP-1 
depending on the  histopathological type [5].  
The conclusions from the cited studies confirm the lower  
PARP-1 expression in TNP (+) endometrial cancers. 
According to Barret et al., over-expression of PARP-1 
was associated with shorter survival and faster relapse 
of the neoplastic disease [24]. This fact has not been 
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confirmed in this study. On the  other hand, it was 
found that the expression of the PARP-1 receptor at 
the 2+ level is a factor that increases the risk of death.

Considering the above data, when assessing the re-
sponse to treatment with PARP-1 inhibitors, individ-
ual grades and the total expression of PARP-1 should 
be taken into account. This would allow the  selec-
tion of  a  group of  patients who can show the  best 
response to therapy with PARP-1 inhibitors. PARP-
1 expression did not affect the survival in the group 
of TNP (+) neoplasms. In this study, a digital im-
age analysis system was used to analyse the degree 
of  expression of  individual receptors or proteins.  
The only exception was the evaluation of HER-2 re-
ceptor expression, which was performed manually 
according to the applicable criteria [25]. Computer 
analysis of  the  microscopic image has been intro-
duced into clinical trials to optimize the results. Con-
siderable subjectivism was noticed in the assessment 
of receptor expression in relation to the same histo-
pathological preparation assessed by several pathol-
ogists. To eliminate the above-mentioned phenome-
non, programs for counting cells showing a positive 
response to the immunohistochemical staining were 
developed and algorithms were introduced into 
the programs, which also define the  individual lev-
els of protein and receptor expression. It should be 
mentioned that the  literature describes the  limita-
tions of the computer method of microscopic image 
analysis as well as the limitations of subjective assess-
ment by pathomorphologists [26]. The digital im-
age analysis system allows the degree of  expression 
of  each individual cell to be assessed. The software 
used in this dissertation allowed for the  assessment 
of both nuclear and cytoplasmic expression. Thanks 
to the  use of  this type of  software, it was possible 
to evaluate each preparation according to the  same 
criteria. Digital image analysis has already been used 
in endometrial cancer research [27–29]. Besides 
the evaluation of  the  receptor expression itself, it is 
possible to evaluate the surface area, optical density, 
or the shape of the cell nuclei. Over the years, many 
research teams have been researching the  variables 
relating to the morphology of cell nuclei in relation 
to endometrial cancer [28, 30]. Currently, research is 
carried out on computer image analysis, which can 
help in the  event of  doubts in the  histopathologi-
cal diagnosis, including in relation to the pathology 
of  the  endometrium [31]. In this study, the  TMA 
method was used. It allows us to reduce the costs and 
time of the analyses, because it allows us to evaluate 
many cases at the same time [32–34]. In a single so-
called multiple fragments from different histopatho-
logical slides can be placed in the “recipient block”. 
The literature describes the capacity of the so-called 
“recipient’s block” with up to 1000 samples taken 
(cylindrical fragments) from the  so-called “donor 

blocks” [35]. It should be emphasized that this meth-
od is particularly useful in examining a large number 
of cases with the use of various antibodies [36]. Due 
to the collection of individual tissue fragments, it is 
not suitable for presenting the final histopathological 
results in individual cases. The heterogeneity of  tu-
mours is a  significant limitation for the  application 
of the TMA method in single cases. The consistency 
of the results at the level of 95% in the case of anal-
yses of  large numbers of  samples in experimental 
studies is acceptable; however, in the case of an in-
dividual diagnosis, it is insufficient. The usefulness 
of the TMA method for the determination of HER-
2 expression has been demonstrated in studies [37]. 
The TMA method is used more and more often, and 
the number of studies with its participation is grow-
ing. The literature provides examples of  combining 
the TMA method with digital image analysis [38]. 
The TMA method is used in relation to endometrial 
cancer [39, 40]. Most of the previous studies on en-
dometrial cancer showing TNP (+) used the TMA 
technique [7–9, 11]. 

Conclusions

Total and individual levels of nuclear or cytoplas-
mic PARP-1 expression varied with the presence or 
absence of TNP. 

PARP-1 nuclear expression at the  2+ level had 
a significant effect on the increased risk of death (ac-
cording to H-SCORE < 75).

The authors declare no conflict of interest. 
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