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Prolidase activity and oxidative stress in patients with breast carcinoma. A prospective randomized case-con-
trolled study

INTRODUCTION: Oxidative stress plays an important role in the pathogenesis of malign diseases. Prolidase is a member
of the matrix metalloproteinase family, plays a major role in collagen metabolism, cell growth, and matrix remodeling.
Elevated serum prolidase activity have beendemonstrated in several types of carcinoma. The aim of this study is to inves-
tigate the serum prolidase activity, total oxidant status (TOS), total antioxidant status (TAS) and to evaluate their rela-
tionship with tumor stage, lymph node metastasis, and tumor size in patients with breast carcinoma.
METHODS: Thirty-five patients with breast carcinoma and forty healthy controls were enrolled to this study.Serum TAS,
TOS levels, and prolidase activities were measured and oxidative stress indices (OSI) were calculated.
RESULTS: TOS, OSI levels and prolidase activities were significantly higher in the patients with breast carcinoma com-
pared to the control group (P < 0.001, P < 0.001, P = 0.002, respectively).TAS levels were significantly lower in the
in the patients with breast carcinoma compared to the control group (P = 0.016).Positive correlations were found bet-
ween prolidase activity, TOS, OSI levels and tumor stage, lymph node metastasis, and tumor size. A negative correla-
tion was found between TAS levels and tumor size,hovewer there were no correlationsbetween tas levels and stage of the
tumor,as well as lymph node infiltration.
CONCLUSION: We conclude that elevatedserum prolidase activity and oxidative stress may be associated with breast car-
cinoma. Increased serum prolidase activity may be related to stage and prognosis of breast carcinoma.
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in terms of death due to cancer 1-3. Breast cancer occurs
with uncontrolled proliferation and deterioration of cells
and tissue structures. The most important factor deter-
mining the prognosis of the disease is early diagnosis4,5.
Various risk factors are involved in the neoplastic trans-
formation of breast cells. Some of these factors are being
over 40 years of age, breast cancer history of first deg-
ree relatives, breast disease history, early menarche, late
menopause, advanced age of childbirth, nulliparity 6. In
addition to these factors, oxidative stress also plays an
important role in the pathogenesis of breast cancer 7,8.
Oxidant and antioxidant systems are normally on balan-
ce in living species. The shift of equilibrium in favor of
the oxidant system is called oxidative stress condition 9,10.

Introduction

Breast cancer takes the first place among cancers in
women worldwide and ranks second after lung cancer
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Cellular damage can be seen in case of oxidative stress.
There are many different methods and markers for asses-
sing oxidative stress and antioxidant status 11. However,
the measurement of these markers separately is time con-
suming and expensive. Therefore, total oxidant status
(TOS) and total antioxidant status (TAS) are determi-
ned and oxidative stress index (OSI) is calculated in
recent years 12,13.
Prolidase is a peptidase that cleaves proline and
hydroxyproline from the carboxy terminal end of immu-
nodipeptides and immunotripeptides and catalyzes the most
important stage of extracellular matrix degradation 14,15.
Large amounts of proline and hydroxyproline is available
in collagenous tissue. Prolidase has important roles in col-
lagen cycle and matrix remodeling. It has been determi-
ned to be in leukocytes, plasma, dermal fibroblasts, kid-
ney, brain, heart, thymus, and uterus 16. Prolidase have
various important roles in embryonic development,
wound healing, inflammation, carcinogenesis, angiogene-
sis, physiological and pathological processes such as cell
migration and differentiation 17.
The aim of this study is to investigate the serum proli-
dase activity, TOS, TAS levels and to evaluate their rela-
tionship with tumor stage, lymph node metastasis, and
tumor size in patients with breast carcinoma.

Materials and Methods

1. STUDY DESIGN 

This prospective randomized case-controlled study was
carried out in General Surgery Department of the
Dumlupinar University Faculty of Medicine between
October 2015 and January 2016. This study was in
accordance with the principles outlined in the
Declaration of Helsinki. Ethical committe approval was
received from the local Human Research Ethics
Committee (Number: 2015-KAEK-86/13-1). Written
informed consent was obtained from the all patients and
volunteers. The study population consisted of thirty five
patients (mean age ± standard deviation, SD;52.4 ± 13.4)
diagnosed as breast carcinoma and forty healthy volun-
teers (mean age± SD; 49.6 ± 11.7). The following pati-
ents were excluded from the study: Patients with coe-
xistent medical illness like chronic heart failure, uncon-
trolled hypertension, chronic renal failure, diabetes mel-
litus, autoimmun diseases, patients with continued use
of nonsteroidal antiinflammatory drugs, supplemental
vitamins or antioxidants capable of interfering with free
radical production. The following control subjects were
excluded from the study: The consumption of alcohol,
supplemental vitamins, antioxidants, non-steroid anti-
inflammatory drugs intake and smoking. Subjects were
also excluded if they had a history of breast carcinoma
in their first degree relatives. 

2. BLOOD SAMPLE COLLECTION AND LABO-
RATORY ANALYSES

2.1. Blood sample collection
The blood samples of breast cancer patients were col-
lected one day before the surgery. After overnight fas-
ting, venous blood samples were collected from ante-
cubital vein into an evacuated serum seperator clot acti-
vator tube (Vacuette® Z Serum Sep Clot Activator,
GreinerBio-One, Kremsmunster, Austria) between 9 and
10 a.m. All samples were drawn by the same expert phle-
botomists. All blood samples were centrifuged at 1500
× g for 10 min at 4 ºC within 1 h and serum aliquots
were stored at -80ºC until biochemical analysis of total
antioxidant status (TAS), total oxidant status (TOS), and
prolidase measurements. The investigator executing the
biochemical analyses was blinded to the randomization.

2.2. Measurement of serum TAS levels
Serum TAS levels were measured using a Beckman
Coulter AU680 instrument (Beckman Coulter, Miami,
FL, USA) with commercial reagents (Rel Assay
Diagnostic, Gaziantep, Turkey). The method was based
on novel automated measurement methods developed by
Erel18.In this method, free radical reactions were started
with the production of hydroxyl radical by Fenton reac-
tion, and the rate of the reaction was monitored by fol-
lowing the absorbance of colored dianisidyl radicals.
Antioxidants in the sample suppressed the color forma-
tion to a degree that is proportional to their concentra-
tions. Trolox, a vitamin E analog, was used as a cali-
brator. TAS levels were expressed as mmolTrolox equiv-
alent/L. 

2.3. Measurement of serum TOS levels

Serum TOS levels were measured using a Beckman
Coulter AU680 instrument (Beckman Coulter, Miami,
FL, USA) with commercial reagents (Rel Assay
Diagnostic, Gaziantep, Turkey). The method was based
on novel automated measurement methods developed by
Erel12. The method is based on the principle of the oxi-
dation of ferrous ion to ferric ion in the presence of
various oxidants in the sample and the measurement of
the ferric ion by xylenol orange. The color intensity is
related to the number of oxidant molecules present in
the sample. The assay was calibrated with hydrogen per-
oxide (H2O2). TOS levels were expressed as μmol H2O2
equivalent/L.

2.4. Calculation of oxidative stress index (OSI)

The percent ratio of TOS to TAS was accepted as the
OSI, an indicator of the degree of oxidative stress. To
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perform the OSI calculation, the unit of TAS, mmol
Trolox equivalent/L, was converted to µmol Trolox equi-
valent/L, and OSI was calculated as follows: OSI =
[(TOS, μmol H2O2 equivalent/L) / (TAS, μmol Trolox
equivalent/L) x 100]19. The results are expressed as arbi-
trary units (AU). 

2.5. Measurement of serum prolidase activities

Serum Xaa-prodipeptidase/prolidase(PEPD) activities
were measured using commercial enzyme-linked
immunosorbent assay (ELISA) kits (Cusabio Biotech Co.,
Ltd., Wuhan, Hubei Province, China; catalog number:
CSB-E16196h) on a microplate reader (BMG
LabtechSpectrostar Nano, GmbH, Ortenberg, Germany)
according to the manufacturer’s protocol. Prolidase activ-
ities were expressed as mU/mL.

2.6. Statistical analysis

In this study, we firstly performed power analysis to
detect the adequate number of participants. According
to this we obtained a significance level (alpha) value of
0.05, a beta value of 0.20 and a power of 0.80. Based
on these results, a sample size of 35 patients at least was
necessary for each group.
Statistical analyses were performed using GraphPad Prism
version 6.05 (GraphPad Software, Inc., CA, USA). All
data sets were tested for normality using Shapiro Wilk
test. Normally distributed data were expressed as mean
± standard deviation (SD). Not normally distributed data
were expressed as median and interquartile range (IQRs).
Parametric or non-parametric statistical tests were used
according to the distribution of data. The comparisons
of examined variables between study groups were tested
using the two tailed student-t test for normally distri-
buted data and using the Mann–Whitney U test for not
normally distributed data. The correlation analyses were
performed using the Spearman’s correlation analysis,since
data were not normally distributed. A P value < 0.05
was considered statistically significant.

Results

The patient group consisted of thirty five patients who
were diagnosed as breast carcinoma and the control gro-
upconsisted of forty healthy volunteers. The mean age of
study population was 52.4 ± 13.4 in the patient group
and 49.6 ± 11.7 in the control group. Demographic and
clinical data of the patients are represented in Table I.
Comparisons of serum TAS, TOS, OSI levels and proli-
dase activities between patients with breast carcinoma and
control group are represented in Table II and comparison
graphs of study groups are represented in Fig. 1. There

was no difference between mean age of the study gro-
ups. Serum TOS, OSI levels and prolidase activities were
significantly higher in the patients with breast carcino-
ma compared to the control group (P < 0.001, P <
0.001, P = 0.002, respectively, Table II, Fig. 1). Serum
TAS were significantly lower in the in the patients with
breast carcinoma compared to the control group (P =
0.016, Table II, Fig. 1). 
The relationship between clinicopathological characteris-
tics of the tumor and oxidative, anti-oxidative parame-
ters of the patients with breast carcinoma are represen-
ted in Table III. Serum TOS, OSI levels and prolidase
activities showed significant positive correlation with size
of the tumor in the patients with breast carcinoma 
(r= 0.531, P=0.001; r= 0.483, P = 0.003; r = 0.714, P
<0.001, respectively, Fig. 2). Although there was not a
statistically significance, a negative correlation was obser-
ved between TAS levels and size of the tumor (r= -
0.300, P= 0.08, Table III, Fig. 2). A positive correlati-
on was found between serum TOS, OSI levels, prolida-
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Table I - Demographic and clinical data of the patients with breast
carcinoma.

Parameters n = 35

Age (years) (mean ± SD) 52.4 ± 13.4
Type of the breast carcinoma (n)
Invasive ductal carcinoma 26
Inflammatory carcinoma 1
Invasive lobular carcinoma 7
Invasive micropapillary carcinoma 1
Localization of the tumor (n)
Unilateral right 13
Unilateral left 21
Bilateral 1
Stage (TNM) (n)
1 9
2A 7
2B 6
3A 9
3B 4
Size of the tumor (cm) 2.5 (1.5 – 3.5)
Size of the tumor (T)(n)
Stage T1 10
Stage T2 17
Stage T3 8
The number of the lymph node involvement 1.0 (0.0 – 3.0)
Spread to the lymph nodes (N)(n)
Stage N0 15
Stage N1 13
Stage N2 5
Stage N3 2

Type of the surgical operation(n) 
Segmental resection 16
Modified radical mastectomy 19

Abbreviations: Data are presented as mean ± standard deviation (SD)
or median and interquartile ranges (IQRs) or number.
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Fig. 1: Representative comparison graphs of study groups. Differences between the patient and the control groups for serum total oxidant
status, total antioxidant status, oxidative stress indices levels, and prolidase activities. Normally distributed data are presented as mean ± SD
(standard deviation), not normally distributed data are presented as median and interquartile ranges (IQRs). Normally distributed data were
tested using the two-tailed Student-t test. Not normally distributed data were tested using the Mann–Whitney U-test. A P-value < 0.05
was considered statistically significant. TOS: Total oxidant status, TAS: Total antioxidant status, OSI: Oxidative stress index.

Fig. 2: Representative correlation graphs of variables. Correlations between  size of the tumor and serum total oxidant status, total antio-
xidant status, oxidative stress indices levels, and prolidase activities in the patients with breast carcinoma.Data were tested using the Spearman’s
correlation analysis.A P-value < 0.05 was considered statistically significant.TOS: Total oxidant status, TAS: Total antioxidant status, OSI:
Oxidative stress index.

Fig. 3: Representative correlation graphs of variables. The relationships between the number of lymph node involvementand serum total
oxidant status, total antioxidant status, oxidative stress indices levels, and prolidase activities in the patients with breast carcinoma. Data
were tested using the Spearman’s correlation analysis. A P-value < 0.05 was considered statistically significant. TOS: Total oxidant status,
TAS: Total antioxidant status, OSI: Oxidative stress index.

Fig. 4: Representative correlation graphs of variables. The relationships between the stage of tumor according to TNM staging and serum
total oxidant status, total antioxidant status, oxidative stress indices levels, and prolidase activities in the patients with breast carcinoma.
Data were tested using the Spearman’s correlation analysis.A P-value < 0.05 was considered statistically significant.TOS: Total oxidant sta-
tus, TAS: Total antioxidant status, OSI: Oxidative stress index.
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se activities and the number of lymph node metastasis
(r= 0.816, P<0.001; r = 0.408, P = 0.02; r = 0.449, P
= 0.007, respectively, Fig. 3). Serum TAS levels were not
correlated with the number of lymph node metastasis
(r= -0.168, P= 0.334, Table III, Fig. 3).Serum TOS, OSI
levels and prolidase activities showed significant positive
correlation with stage of the tumor according to the
TNM staging in the patients with breast carcinoma (r=
0.942, P<0.001; r= 0.473, P= 0.004; r= 0.662, P <
0.001, respectively, Fig. 4). Serum TAS levels were not
correlated with stage of the tumor (r= -0.242, P= 0.161,
Table III, Fig. 4).

Discussion

In this study, we investigated the serum TAS, TOS levels,
and prolidase activity and also evaluated their relations-
hip with tumor stage, lymph node metastasis, and tumor
size in patients with breast carcinoma. The role of oxi-
dative stress in breast carcinoma was evident as increa-
sed levels of TOS, OSI and activity of prolidase, as well
as decreased levels of TAS in patients with breast carci-
noma. The relationships between clinicopathological cha-
racteristics of the tumor and oxidative, anti-oxidative
parameters of the patients with breast carcinoma were
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Table II - Comparisons of demographicdata and serum TAS, TOS, OSI levels and prolidase activities between patients with breast carcinoma
and control group.

Parameters Patient Group Control Group 95% CI Statistical Analysis
(n = 35) (n = 40) of Difference (P)

Age (years) 52.4 ± 13.4 49.6 ± 11.7 -2.98 to 8.58 0.337

TOS (μmol H2O2 Eq./L) 6.31 (5.14 – 8.07) 3.84 (3.01 – 4.73) -3.45 to -1.55 < 0.001*

TAS (mmol Trolox Eq./L) (#) 1.44 ± 0.27 1.57 ± 0.19 0.026 to 0.24 0.016*

OSI (Arbitrary Unit) 0.42 (0.37 – 0.59) 0.24 (0.18 – 0.33) -0.25 to -0.13 < 0.001*

Prolidase (mU/mL) 204.3 (186.0 – 215.0) 180.8 (171.2 – 198.7) -27.97 to -6.20 0.002*

Abbreviations: TAS: Total antioxidant status, TOS: Total oxidant status, OSI: Oxidative stress index, CI: Confidence intervale. Normally
distributed data are presented as mean ± SD, not normally distributed data are presented as median and interquartile ranges
(IQRs).Normally distributed data (#) were tested using the two-tailed Student-t test. Not normally distributed data were tested using
the Mann–Whitney U-test. *: P-value < 0.05 was considered statistically significant. 

Table III - The relationship between clinicopathological characteristics of the tumor and oxidative, anti-oxidative parameters of the patients
with breast carcinoma.

Size of the tumor (cm) Lymph node involvement (n) Stage (TNM Staging)
R P r P R P

TOS (μmol H2O2 Eq./L) 0.531 0.001* 0.816 < 0.001* 0.942 < 0.001*

TAS (mmol Trolox Eq./L) -0.300 0.08 -0.168 0.334 -0.242 0.161

OSI (Arbitrary Unit) 0.483 0.003* 0.408 0.02* 0.473 0.004*

Prolidase (mU/mL) 0.714 < 0.001* 0.449 0.007* 0.662 < 0.001*

Abbreviations: TAS: Total antioxidant status, TOS: Total oxidant status, OSI: Oxidative stress index. Data were tested using the Spearman’s
correlation analysis. 
*: P value less than 0.05 was considered statistically significant. To analyse between oxidative parameters and stage of the tumor, stage
1 was numbered as 1, stage 2A was numbered as 2, stage 2B was numbered as 2.5, stage 3A was numbered as 3, stage 3B was num-
bered as 3.5. READ-O
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evident as positive correlation between serumTOS, OSI
levels and prolidase activities and size of the tumor, the
number of lymph node metastasis, stage of the tumor.
Oxidative stress is defined as a decrease in antioxidant
capacity or increase in oxidant status. However, there are
additional effects of various oxidants and antioxidants in
oxidative stress 20. Free radicals can lead to cellular dama-
ge, chromosome breakage, and ultimately the develop-
ment of cancer by initiating lipid peroxidation process
and the DNA damage in cases where excessive produc-
tion of reactive oxygen species (ROS) or inadequate
antioxidant defense conditions21. What does ıt mean?
Although plasma levels of oxidants and antioxidants can
be measured separately,  the results can not fully reflect
oxidative stress 22. TAS, TOS and OSI are biomarkers
which indicate oxidative stress and reflect the balance
between oxidation and antioxidation 18. Thus, we inves-
tigated the level of oxidative stress by measuring the
serum TAS, TOS, and OSI levels in breast cancer pati-
ents and healthy controls. Serum TOS and OSI levels
were increased in patients with breast carcinoma, whe-
reas serum TAS levels were decreased in patients with
breast carcinoma. In previous studies, increased levels of
oxidative stress have been demonstrated in cancer pati-
ents 23,24. Feng et al.24 reported increased level of oxida-
tive stress in breast cancer patients by measuring TAS,
TOS and OSI values. In addition, they have investiga-
ted the relationship between breast cancer stage and levels
of these parameters as similar to this study. In our study,
in addition to the association between oxidative stress
levels and tumor stage, the association between oxidati-
ve stress levels and tumor size,lymph node metastasis
were also examined. Unlike from the study by Feng et
al. 24 serum prolidase activities were studied in our study.
Changes in prolidase activities were similar to changes
in the level of oxidative stress. These results add a dif-
ference to this study.
Antioxidants are such compounds that retard, inhibit
or block the oxidative damage by suppressing oxidati-
ve stress and eliminating free radicals 25. Natural antio-
xidant defense consists of enzymatic and non-enzyma-
tic endogenous antioxidants produced by our own body.
The occurrence of the natural antioxidant defense defi-
ciency contributes to carcinogenesis. Antioxidant the-
rapy has been the subject of research in patients with
inadequate antioxidant status 26. Exogenous antioxidants
have been shown to reduce the activity of ROS 27.
Thus, exogenous antioxidant treatment is one of the
treatment options that can be applied in patients with
elevated oxidative stress and cancer. In a previous
study,it has been suggested that the clinical stage of
breast cancer is associated with oxidative stress in agree-
ment with this study 28.
Prolidase is an enzyme that plays an important role in
collagen metabolism, cell growth and matrix remode-
ling 29. It helps to re-synthesize proline and hydroxyp-
roline by releasing the collagen. Extracellular collage-

nases initiate collagen destruction but the last step is
catalyzed by intracellular prolidase 30. It has also been
suggested that prolidase is the speed-limiting step in
the regulation of collagen biosynthesis 31. Collagen is
one of extracellular matrix components and is the main
barrier against the invasion of neoplastic cells. Tumor
cells secrete proteolytic enzymes and thus exceed beyond
the basal membrane and extracellular matrix 32. Due to
catalyzation by prolidase is the last step of intracellu-
lar collagen destruction, it is thought that prolidase is
related to cancer development. Prolidase enzyme acti-
vity was investigated in several chronic diseases such as
non-ulcer dyspepsia and chronic liver disease 33. In
addition, an increase in serum prolidase activity was
demonstrated in several types of cancer such as lung,
bladder, gastric, ovarian, and endometrial cancer 34-37.
In a previous study by Cechowska et al. 38,increased
serum prolidase activity has been demonstrated in bre-
ast cancer tissue consistent with our study38. Unlike to
the study by Cechowska et al.38, the relationships bet-
ween serum prolidase activity and tumor stage, tumor
size, and lymph node infiltration were investigated in
our study. 
In this study,  while serum prolidase activities and TOS,
OSI levels were significantly increased,serum TAS levels
were significantly decreased in breast cancer patients.
Serum prolidase activities and TOS, OSI levels positi-
vely correlated with tumor stage, lymph node metasta-
sis, and tumor size. To our knowledge our work is one
of the few studies in the literature investigating the
relationship of serum prolidase activity and oxidative
stress levels with tumor stage, size, and lymph node
metastasis.

Conclusion

In summary, an increase in collagen turnover in breast
cancer patients is an expected condition. An increase in
serum prolidase activity was observed in breast cancer
patients due to increased collagen turnover. It has been
observed that increased serum prolidase activity is asso-
ciated with increased oxidative stress. Additionally a sig-
nificant decrease was observed in the antioxidant status.
We conclude that elevated serum prolidase activity and
oxidative stress may be associated with breast carcinoma
and increased serum prolidase activity may be related to
stage and prognosis of breast carcinoma. We suggest that
treatments which can reduce or suppress prolidase acti-
vity, may contribute to the breast cancer therapy. In addi-
tion, antioxidant treatment may be effective in protecti-
on from cancer and also in the treatment of cancer.
Treatments that reduce or supress prolidase activity would
be the subject of research in cancer patients in the futu-
re. Major limitation of this study is relatively small sam-
ple size. Further prospective studies with large cohort are
needed to clarify our hypothesis. 
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Riassunto

Lo stress ossidativo gioca un ruolo importante nella pato-
genesi delle malattie neoplastiche. La prolidasi è un costi-
tuente della matrice metalloproteinasica, gioca un ruolo
maggiore nel metabolismo del collagene, nell’accrescimento
cellulare e nel rimodellamento strutturale. Una elevata atti-
vità prolidasica è stata dimostrata in molti casi di carci-
nomi. Lo scopo del presente studio è quello di indagare
sull’attività sierica della prolidasi, dello stato ossidativo
(TOS) ed antiossidativo (TAS) totale, e di valutare il
loro rapporto con lo stadio del tumore, delle metastasi
linfonodali  e della massa neoplastica in pazienti con car-
cinoma mammario.
Per lo studio sono state arruolate 35 pazienti con carci-
noma della mammella e 40 soggetti di controllo. Sono
stati rilevati i livelli di TAS, TOS e dell’attività prolida-
sica, calcolando gli indici di stress ossidativo (OSI).
Come risultato i livelli di TOS, di OSI e dell’attività
prolidasica sono risultati significativamente più elevati
nelle pazienti con carcinoma mammario rispetto al grup-
po di controllo (rispettivamente (P < 0.001, P < 0.001,
P = 0.002). I livelli di TAS sono risultati significativa-
mente inferiori nelle pazienti con carcinoma mammario
rispetto al gruppo di controllo (P = 0,016). Sono stati
rilevate correlazioni positive tra attività prolidasica, ed i
livelli di TOS e di OSI con lo stadio tumorale, le metas-
tasi linfoniodali e le dimensioni del tumore. Negativa è
risultata la correlazione tra i livelli di TAS e le dimen-
sioni del tunore, ma nessuna correlazione tra i livelli di
TAS e lo stadio del tumore, come pure con l’infiltrazione
linfonodale.
Si conclude che l’elevata attività prolidasica del siero e
lo stress ossidativo possono associarsi col carcinoma mam-
mario. L’accresciuta attività prolidasica può essere messa
in relazione con lo stadio e la prognosi del carcinoma
mammario.
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