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ÖZET

AMAÇ: Bu çalışmada benign, pre-malign ve malign endometri-
al patolojiler tanısı konan kadınlarda prolidaz aktivitesi, toplam 
oksidan durumu (TOS) ve toplam antioksidan durumu (TAS) 
araştırıldı.

GEREÇ VE YÖNTEM: Anormal uterin kanama nedeniyle endo-
metriyal biyopsi yapılan doksan kadın histopatolojik bulguları-
na göre üç gruba ayrıldı: Benign endometrial patoloji (n=65), 
endometrial hiperplazi (n=12) ve endometrial kanser (n=13). Bu 
gruplar, serum ve endometriyal dokudaki oksidatif stres belir-
teçleri ve prolidaz aktivitesi açısından karşılaştırıldı.

BULGULAR: Benign endometrial patoloji grubu ile karşılaş-
tırıldığında, endometrium kanserli grup anlamlı olarak daha 
yüksek yaş, daha kısa boy ve menopoz insidansı ve jinekolo-
jik malignite açısından pozitif aile öyküsüne sahipti (p=0,001, 
p=0,023, p=0,001 ve p=0,001). Benign endometrial patoloji 
grubu ile karşılaştırıldığında, endometrium hiperplazisi ve en-
dometrium kanseri gruplarında doku prolidaz aktivitesi anlamlı 
olarak daha yüksekti (her ikisi için p=0,001). Ancak doku proli-
daz aktivitesi, endometriyal hiperplazi ve endometriyal kanser 
gruplarında istatistiksel olarak benzerdi (p=0,166). Tüm çalışma 
grupları istatistiksel olarak benzer serum prolidaz aktivitesi, se-
rum ve doku TOS, serum ve doku TAS, doku malondialdehit ve 
glutatyon değerlerine sahipti.

SONUÇ: Endometriyal dokudaki prolidaz aktivitesi, benign en-
dometrial lezyonlarla karşılaştırıldığında, pre-malign ve malign 
endometriyal lezyonlarda artmıştır. Endometriyal dokudaki 
prolidaz aktivitesinin değerlendirilmesi, histopatolojik özellikle-
rin endometriyal lezyonların ayırt edilmesi için yetersiz olması 
durumunda malign öncesi ve malign lezyonları ayırt etmeye 
yardımcı olabilir.

ANAHTAR KELİMELER: Biyopsi, Endometrium kanseri, Hiperp-
lazi, Oksidatif stres, Prolidaz aktivitesi 

ABSTRACT

OBJECTIVE: The present study aims to investigate the proli-
dase activity, total oxidant status (TOS) and total anti-oxidant 
status (TAS) in women who have been diagnosed with benign, 
pre-malignant and malignant endometrial pathologies.

MATERIAL AND METHODS: Ninety women who underwent 
endometrial biopsy due to abnormal uterine bleeding were 
divided into three groups according to their histopathologi-
cal findings: Benign endometrial pathology (n=65), endomet-
rial hyperplasia (n=12) and endometrial cancer (n=13). These 
groups were compared with respect to oxidative stress markers 
and prolidase activity in serum and endometrial tissue.

RESULTS: When compared to the benign endometrial patho-
logy group, the endometrium cancer group had significantly 
higher age, shorter height and higher incidences of menopa-
use and positive family history for gynecological malignancy 
(p=0.001, p=0.023, p=0.001 and p=0.001). When compared to 
the benign endometrial pathology group, tissue prolidase ac-
tivity was significantly higher in the endometrium hyperplasia 
and endometrium cancer groups (p=0.001 for both). However, 
tissue prolidase activity was statistically similar in the endomet-
rial hyperplasia and endometrial cancer groups (p=0.166). All 
study groups had statistically similar serum prolidase activity, 
serum and tissue TOS, serum and tissue TAS, tissue malondial-
dehyde and glutathione values.

CONCLUSIONS: Prolidase activity in endometrial tissue has 
enhanced in pre-malignant and malignant endometrial lesions 
when compared to benign endometrial lesions. The assess-
ment of prolidase activity in endometrial tissue might help to 
distinguish pre-malignant and malignant lesions in case histo-
pathological characteristics are insufficient for the differentiati-
on of endometrial lesions. 

KEYWORDS: Biopsy, Endometrium cancer, Hhyperplasia,  Oxi-
dative stress, Prolidase activity
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INTRODUCTION

Abnormal uterine bleeding is irregular uterine 
bleeding that occurs in the absence of recog-
nizable pelvic pathology, general medical dise-
ase, or pregnancy. It reflects a disruption in the 
normal cyclic pattern of ovulatory hormonal sti-
mulation to the endometrial lining. Endometri-
al sampling could be effectively used to deter-
mine the underlying endometrial pathology 
and rule out endometrium cancer (1, 2). In vivo 
and in vitro studies report that oxidative stress 
is enhanced in malignant cells when compared 
with normal cells (3, 4). Oxidative stress can di-
rectly induce genetic alterations including DNA 
chain rupture, base modifications, DNA-DNA 
cross-linking and DNA-protein cross-linking 
and trigger epigenetic alterations such as DNA 
methylation. Both genetic alterations and epi-
genetic changes participate significantly in the 
pathogenesis of cancer (5, 6). Antioxidant de-
fense systems such as glutathione can provide 
protection from the harmful effects of increa-
sed oxidative stress (7). Prolidase is a cytosolic 
exopeptidase which degrades iminodipeptides 
including C-terminal proline or hydroxyproline 
(8, 9). It has been shown that prolidase activity is 
maintained in plasma, erythrocytes, leukocytes, 
dermal fibroblasts, and in various organs, such 
as the kidneys, brain, heart, thymus, liver, and 
uterus (10). It is well known that prolidase acti-
vity plays an important role in collagen metabo-
lism, matrix remodeling, and cell growth (8, 9). 
Moreover, tissue collagen in the microenviron-
ment undergoes extensive degradation during 
carcinogenesis and a large quantity of peptides 
containing proline and hydroxyproline were re-
leased (11). That’s why; it would be prudent to 
expect significantly increased prolidase activity 
in various malignancies (12 - 15). The present 
study aims to investigate the prolidase activity, 
total oxidant status (TOS) and total anti-oxidant 
status (TAS) in women who have been diagno-
sed with benign, pre-malignant and malignant 
endometrial pathologies.

MATERIALS AND METHODS

A total of 117 women who were to undergo 
endometrial biopsy due to abnormal uterine 
bleeding were eligible. Ten patients who were 
taking drugs that might affect collagen turno-

ver (such as angiotensin converting enzyme 
inhibitors, angiotensin receptor blockers, al-
dosteron antagonists or statins), seven patients 
who had a concurrent or previous diagnosis of 
malignant disease, five patients with cardiac in-
sufficiency, three patients with renal dysfuncti-
on and two patients with hepatic dysfunction 
were excluded. Then, the remaining 90 patients 
were recruited into the study. 

Before endometrial biopsy was performed, ve-
nous blood samples of all participants were ob-
tained in the morning following an overnight 
fast before endometrial biopsy. After the blood 
samples were drawn into tubes and they were 
immediately centrifuged at 3000 rpm for 10 
min and stored at -80°C. The participants were 
allocated into three groups according to their 
endometrial biopsy findings. The first group 
included 65 patients with benign endometrial 
pathologies which were proliferative endomet-
rium (n=32), endometrial polyp (n=20) and sec-
retory endometrium (n=13). The second group 
consisted of 12 patients with endometrial hy-
perplasia and the third group included 13 pa-
tients with endometrium cancer. Data related 
with age, height, body weight, gravidity, parity, 
menopause, concurrent chronic diseases, pre-
vious oral contraceptive use and family history 
were acquired from the hospital records. Body 
mass index was calculated according to the fol-
lowing formula:
Body mass index (kg/m2) = Body weight (kg) / 
Height2 (m2)

Measurement of prolidase activity: Prolidase acti-
vity in serum and endometrial tissue was de-
termined by a photometric method based on 
the measurement of proline levels produced 
by prolidase (16-18). Serum and tissue Xaa-Pro 
dipeptidase or peptidase (PEPD) levels were 
studied with the kit provided by SunRed (Shan-
ghai Sunred Biological Technology). Absorban-
ce readings were made with a ChemWell brand 
(ChemWell Awareness Technology Inc. ELISA 
Reaer) reader. The results are given as ng/ml for 
serum samples and ng/g tissue for tissue samp-
les.

Measurement of total oxidant status (TOS): Total oxi-
dant status (TOS) levels in serum and endomet-
rial tissue was measured using the Erel method 
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(19). Absorbance readings were made with a 
ChemWell brand (ChemWell Awareness Tech-
nology Inc. ELISA Reaer) reader. Results are gi-
ven as μmol H2O2 equiv./L for serum and μmol 
H2O2 equiv./mg for tissue samples.

Measurement of total anti-oxidant status (TAS): To-
tal antioxidant status (TAS) levels  in serum and 
endometrial tissue was also measured using a 
novel automated measurement method deve-
loped by Erel (20). Serum and tissue TAS levels 
Rel Assay brand (Mega Medicine Industry and 
Trade Limited Company Gaziantep) worked 
with kits. Absorbance readings were made with 
a ChemWell brand (ChemWell Awareness Tech-
nology Inc. ELISA Reaer) reader. Results are gi-
ven as mmol trolox equiv/L for serum and µmol 
Trolox Equiv./g for tissue samples.

Measurement of Tissue Reduced Glutathione and Ma-
londialdehyde Levels: Reduced glutathione (GSH) 
and malondialdehyde (MDA) levels in endo-
metrium tissue samples were studied with kits 
from Cayman Chemical (1180 E. Ellsworth Rd. 
Ann Arbor, MI.USA). Absorbance readings were 
made with a ChemWell brand (ChemWell Awa-
reness Technology Inc. ELISA Reaer) reader. Re-
sults are given as nmol/g tissue for MDA levels 
and as  nmol/g tissue for GSH.  

Ethical Committe 

Afyonkarahisar Health Sciences University, whe-
re this prospective study was conducted betwe-
en January 2017 and June 2017, was approved 
by the ethics committee (10.09.2015/314). Writ-
ten informed consent was obtained from all 
participants in accordance with the principles 
of the Declaration of Helsinki.

Statistical Analysis

Collected data were analyzed by Statistical Pac-
kage for Social Sciences version 16.0 (SPSS IBM, 
Armonk, NY, USA). Continuous variables were 
expressed as mean ± standard deviation and 
categorical variables were denoted as numbers 
and percentages. The normality of data distri-
bution was assessed by Smirnov-Kolmogorov 
test. In order to avoid type 1 error in multiple 
comparisons, alpha levels were adjusted using 
the conservative Bonferroni method.   Two-tai-
led p values < 0.05 were accepted to be statisti-
cally significant.

RESULTS

Table 1 demonstrates the demographic and cli-
nical characteristics of the study groups. When 
compared to the patients with benign endo-
metrial pathologies, the women with endomet-
rium cancer were significantly older and shorter 
(p=0.001 and p=0.023 respectively). Menopau-
se and positive family history for gynecological 
malignancy were significantly more frequent 
in women with endometrium cancer than in 
women with benign endometrial pathologies 
(p=0.001 for both). All study groups were sta-
tistically similar with respect to body weight, 
BMI, parity, previous oral contraceptive use, hy-
pertension, diabetes mellitus and other chronic 
diseases (p>0.05 for all).
Table1: Demographic and Clinical Characteristics of the Study 
Groups 

Table 2 shows the laboratory findings of the 
study groups. All study groups had statistically 
similar serum prolidase activity, serum and tis-
sue TOS, serum and tissue TAS, tissue malondi-
aldehyde and glutathione values.
Table 2: Laboratory Findings of the Study Groups

 Benign endometrial 

pathology 

(p=65) 

Endometrial 

hyperplasia 

(n=12) 

Endometrium 

cancer 

(n=13) 

p 

Age (years) 

Height (cm) 

Body weight (kg) 

Body mass index (kg/m2) 

Gravidity 

Parity 

Previous oral contraceptive use 

Menopause 

Hypertension 

Diabetes mellitus 

Other chronic diseases 

Family history for malignancy 

45.9±11.7 

163.1±5.4 

71.9±11.5 

28.25±5.54 

5.3±1.6 

2.6±1.2 

6 (9.2%) 

7 (10.7%) 

14 (21.5%) 

15 (23.1%) 

7 (10.8%) 

0 (0.0%) 

46.8±11.7 

161.1±4.5 

74.6±11.2 

30.75±4.16 

4.3±1.8 

3.2±1.3 

1 (8.3%) 

4 (33.3%) 

4 (33.3%) 

2 (16.7%) 

3 (25.0%) 

0 (0.0%) 

63.2±11.5 

159.1±2.7 

73.9±6.5 

30.0±4.1 

4.0±1.4 

3.2±0.9 

0 (0.0%) 

12 (92.3%) 

6 (46.2%) 

5 (38.5%) 

3 (23.1%) 

5 (38.5%) 

0.001†⸸ 

0. 23 

0.649 

0.217 

0.049 

0.147 

0.524 

0.001⸸ 

0.160 

0.398 

0.276 

0.001†⸸ 

†There was statistical significance between the benign endometrial pathology and endometrium cancer groups. 

⸸There was statistical significance between endometrial hyperplasia and endometrium cancer groups. 

 

 Benign 

endometrial 

pathology 

(p=65) 

Endometrial 

hyperplasia 

 

(n=12) 

Endometrium 

cancer 

 

(n=13) 

 

 

p 

Serum prolidase activity (U/l) 

Tissue prolidase activity (U/g) 

Serum total oxidant status (μmolH2O2 equiv./L) 

Tissue total oxidant status (μmolH2O2 equiv./mg) 

Serum total anti-oxidant status (mmol Trolox equiv./L) 

Tissue total anti-oxidant status(mmol Trolox equiv./mg) 

Tissue malondialdehyde (nmol/g) 

Tissue glutathione (nmol/mg) 

17.3±16.7 

142.5±29.2 

32.1±19.9 

173.2±108.3 

1.25±0.51 

4.48±4.16 

90.3±79.8 

198.0±162.6 

15.1±4.6 

276.1±50.4 

32.4±15.8 

141.1±40.1 

1.05±0.59 

3.69±3.64 

89.6±58.8 

152.5±111.9 

27.5±25.6 

287.2±24.2 

28.7±16.6 

129.0±82.0 

1.22±0.49 

3.86±3.33 

137.7±128.7 

206.0±153.2 

0.443 

0.001‡† 

0.825 

0.376 

0.462 

0.913 

0.190 

0.617 

†There was statistical significance between the benign endometrial pathology and endometrium cancer groups. 

‡There was statistical significance between the benign endometrial pathology and endometrial hyperplasia groups. 
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Tissue prolidase activity was significantly hig-
her in the endometrium hyperplasia and en-
dometrium cancer groups than the benign en-
dometrial pathology group (p=0.001 for both). 
However, tissue prolidase activity was statisti-
cally similar in the endometrial hyperplasia and 
endometrial cancer groups (p=0.166) (Figure 
1).

Figure 1: Tissue prolidase activity in the benign endometrial 
pathology, endometrial hyperplasia and endometrium cancer 
groups

DISCUSSION

As a soft tissue tumor invades the neighboring 
areas, natural barriers such as basement memb-
rane and interstitial tissue should undergo deg-
radation. Therefore, it has been hypothesized 
that these natural barriers are overcome by the 
proteolytic enzymes synthesized by the soft tis-
sue tumor. Metalloproteinases are one of the 
most important enzymes for the destruction 
of extracellular matrix proteins. As their name 
implies, these enzymes need calcium and zinc 
ions for their activity (21).

Prolidase acts primarily in the collagen turno-
ver and extracellular matrix remodeling by ge-
nerating proline from dipeptides for collagen 
synthesis and breaking down the collagen deg-
radation products. It has been suggested that 
prolidase activity may be a step-limiting factor 
in collagen biosynthesis (9). Jussila et al. obser-
ved that collagen synthesis was significantly 
enhanced and collagen maturation was signifi-
cantly accelerated in fibroblasts located within 
well-differentiated endometrial adenocarcino-
mas. Additionally, newly synthesized type 1 and 
type 3 procollagens were significantly increa-

sed in extracellular matrix found in endometrial 
adenocarcinomas. These findings were interp-
reted as an evidence for the local invasion of an 
endometrial tumor which triggers the degrada-
tion of extracellular matrix. Increased collagen 
synthesis was also attributed to the fibropro-
liferative response of the surrounding uterine 
tissues which attempt to limit the growth of an 
endometrial tumor (22).

In case of endometrium cancer, it could be ex-
pected that prolidase activity would be increa-
sed due to the enhancement in collagen synt-
hesis, collagen turnover or both. Accordingly, 
serum prolidase activity was found to be sig-
nificantly elevated in patients with stage 1 en-
dometrium cancer than healthy controls (23). 
However, this study failed to detect any signi-
ficant change in serum prolidase activity of en-
dometrium cancer patients when compared to 
patients with benign endometrial pathologies 
and endometrial hyperplasia. Such discrepancy 
may be due to the relatively small study cohort 
and variations in techniques adopted for the 
measurement of serum prolidase activity. On 
the other hand, the patients with endometrium 
cancer were found to have significantly incre-
ased prolidase activity within endometrium in 
this study. The concurrence of enhanced endo-
metrial prolidase activity and unaltered serum 
prolidase activity might suggest that the inc-
rease in prolidase activity has been confined 
to the endometrium and this increase was not 
sufficient enough to cause a significant change 
in peripheral circulation. 

Another explanation might be the regulation 
of prolidase activity by the interaction of ext-
racellular proteins in normal fibroblasts. That is, 
prolidase activity is mainly regulated by β1-in-
tegrin-dependent signaling pathway which al-
lows type 1 collagen to interact with β1-integrin 
receptor (13, 24). It has been shown that transc-
riptional activity of β1 integrin gene is signifi-
cantly reduced in endometrial adenocarcino-
ma while transcriptional activity of β1 integrin 
gene is significantly increased in endometrial 
hyperplasia. A decrease in β1 integrin expressi-
on may cause an augmentation in prolidase ac-
tivity (25, 26). Previously published studies have 
concluded that the activation in oxidative stress 
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mechanisms such as lipid peroxidation and the 
attenuation in anti-oxidant defense molecules 
such as glutathione are associated with carci-
nogenesis. The disruption in oxidant-antioxi-
dant balance system has also been specified in 
cervical, endometrial and ovarian cancers. It has 
been suggested that weakened activity of anti-
oxidant enzymes in gynecological tumors could 
be a result of the disturbance in oxidant-antioxi-
dant balance system whereas augmentation in 
lipid peroxidation seems to be a consequence 
of gynecological tumors rather than being the-
ir cause (27 - 30). On the contrary, the present 
study was unable to detect significantly altered 
TOS and TAS levels  in serum and endometrial 
tissue as well as significant changes in malon-
dialdehyde and glutathione concentrations of 
endometrial tissue. These contradictory results 
might be attributed to the characteristics of the 
study cohort such as relatively small cohort size, 
relatively small number of patients with endo-
metrial cancer and the existence of early stage 
endometrial cancer in recruited patients. The 
heterogeneity in the amounts of acquired en-
dometrial tissue specimens and the variations 
in the techniques utilized for the measurement 
of oxidant and anti-oxidant molecules might 
have also caused the inadequacy to detect sig-
nificant alterations in laboratory data. 

This study points out that prolidase activity 
in endometrial tissue has been enhanced in 
pre-malignant and malignant endometrial le-
sions when compared to benign endometrial 
lesions. The assessment of prolidase activity in 
endometrial tissue might help to distinguish 
pre-malignant and malignant lesions in case 
histopathological characteristics are insuffi-
cient for the differentiation of endometrial le-
sions. 

Relatively small study cohort, relatively small 
number of patients with endometrial and hy-
perplasia as well as lack of blinding for the bi-
ochemists limit the power of this study. Further 
research is required to clarify how prolidase ac-
tivity in serum and endometrial tissue is altered 
in benign, pre-malignant and malignant endo-
metrial lesions.
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