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Abstract 

Background and Objective: Prolyl endopeptidase (PEP) (EC 3.4.21.26) is a serine peptidase 
involved in differentiation, development and proliferation processes of several tissues. Recent 
studies have demonstrated the increased expression and activity of this cytosolic enzyme in 
colorectal cancer (CRC). However, there are no available data about the impact of this peptidase 
in the biological aggressiveness of this tumor in patient survival. 
Methods: The activity of PEP in tissue (n=80) and plasma (n=40) of patients with CRC was 
prospectively analyzed by fluorimetric methods. Results were correlated with the most important 
classic pathological data related to aggressiveness, with 5-year survival rates and other clinical 
variables. 
Results: 1) PEP is more active in early phases of CRC; 2) Lower levels of the enzyme in tumors 
were located in the rectum and this decrease could be related with preoperative 
chemo-radiotherapy; 3) PEP activity in tissue was higher in patients with better overall and 
disease-free survival (log-rank p<0.01, Cox analysis p<0.01); 4) Plasmatic PEP activity was 
significantly higher in CRC patients than in healthy individuals and this was associated with distant 
metastases and with worse overall and disease-free survivals (log-rank p<0.05, Cox analysis 
p<0.05). 
Conclusions: PEP activity in tissue and plasma from CRC patients is an independent prognostic 
factor in survival. The determination of PEP activity in the plasma may be a safe, minimally invasive 
and inexpensive way to define the aggressiveness of CRC in daily practice. 
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Introduction 
CRC is the third commonest malignancy in 

males and females in the United States, with more 
than 142,000 estimated new cases and almost 51,000 
estimated deaths in 2013 [1]. Europe and other de-
veloped regions show similar rates of incidence and 
mortality [2]. Traditionally related to dietary habits 
[3], its frequency has steadily increased in the last 

decades in Western countries as a result of modern 
style of life to become a health problem of major con-
cern. Huge resources are being invested in prevention 
and early diagnosis of this disease. Population-based 
screening campaigns try to discover as much early 
tumors and precursor lesions as possible, aiming to 
decrease the incidence of the disease, to simplify the 
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clinical management of patients once the lesion de-
velops, and to improve survival. 

The recent molecular classification of CRC pro-
posed by Jass in 2007 [4] has been of much help in the 
understanding of the diverse etiopathogenetic mech-
anisms of this disease. From a clinical perspective, 
adenomatous lesions in the large bowel are fully ac-
cepted precursors of CRC [5] and the adeno-
ma-carcinoma sequence still provides a solid model 
for research on carcinogenesis. 

Peptidases play a key role in carcinogenesis in 
several ways, for instance regulating bioactive pep-
tides that are crucial in neoplastic growth, degrading 
the extracellular matrix, acting as adhesion molecules 
or participating in intracellular signalling [6]. Besides, 
some studies have demonstrated that the activity and 
expression of these enzymes vary in different tumors 
depending on the several clinicopathological param-
eters like histological Grade, Stage, and patient sur-
vival [7-12]. For this reason, peptidases are useful 
tools in the development of clinical strategies for 
treatment and follow up of cancer patients. 

Prolyl endopeptidase (EC 3.4.21.26) (PEP), also 
known as prolyl oligopeptidase (POP or PREP), is a 
member of the serine peptidase group classified un-
der the prolyl oligopeptidase family, a set of enzymes 
which have the ability to cleave peptides at internal 
proline residues [13]. PEP has been classically de-
scribed as a cytosolic enzyme, although a mem-
brane-bound fraction has also been described in sev-
eral tissues and in human body fluids [14-16]. Most 
studies of the physiological role of PEP have been 
performed in the central nervous system [17], how-
ever this enzyme is widely expressed throughout 
most human peripheral tissues such as the epithelial 
cell of the digestive tract and the urinary system 
[18,19]. 

Several authors have demonstrated that PEP 
plays a role in cell differentiation and development 
[15, 17, 20, 21]. There are evidences supporting the 
implication of PEP in proliferative disorders, cancer 
included. In this sense, higher expression and activity 
levels of this enzyme have been detected in carcino-
mas from lung, thyroid, ovary, kidney and head and 
neck when compared with the non-neoplastic respec-
tive samples [14, 19, 22-24]. Additionally, changes in 
circulating PEP activity of prostate cancer patients 
have also been reported [14]. Regarding CRC and its 
precursors, very recent studies have demonstrated 
high PEP expression in CRC [19] and in early stages of 
the adenoma-carcinoma sequence [24]. The objective 
of these studies was to analyze the expression and 
activity of PEP in tumors and in their respective ad-
jacent non tumor tissues, trying to define the role of 
this enzyme in carcinogenesis [14, 19, 22-24]. Howev-

er, the relationship between PEP activity and cancer 
survival has been studied only in the kidney in a re-
cent study published by our own research group [24]. 

 The aim of this study is to explore the role of 
PEP in the clinical behaviour of CRC. For such a 
purpose, a prospective analysis of PEP activity in tis-
sue and plasma of patients with CRC has been per-
formed. The obtained data have been correlated with 
classic clinical and pathological parameters and with 
5-year survival. 

Material & Methods 
 The authors declare that all the experiments 

carried out in this study comply with current Spanish 
laws and conform to the principles outlined in the 
Declaration of Helsinki.  

Patients 
 A total of 80 patients with CRC have been pro-

spectively included in the study. All patients received 
partial colectomies. Males predominated in the series 
(50M/30F), the average age being 70 years for males 
and 67 years for females. Mean follow-up was 50.2 
months (range 3-80). Follow-up was closed by De-
cember 31, 2012. At that time, 25 patients had died of 
disease. AJCC system [25] has been applied to assign 
Stage and Grade. Clinical data included in the study 
were retrieved from the patient clinical records and 
are summarized in Table 1. Plasma was also collected 
preoperatively and analyzed in 40 of these patients. 
Table 2 shows the clinico-pathological data in this 
subset of patients. Plasma from 24 healthy volunteers 
with no clinical history of neoplastic diseases was 
used as control sample. 

Tissue Specimens 
Surgical resections were submitted in fresh to the 

Pathology Lab within a period of 30 minutes after 
removal. Handling of specimens was performed fol-
lowing conventional protocols for the management of 
surgical resections of colon and rectum [26]. Tumor 
characteristics were recognized on gross examination 
and selected fragments of tumor were frozen in iso-
pentane and stored at -80ºC. Routine procedures in 
the Pathology Lab included formalin fixation of the 
surgical specimen and paraffin embedding of the tis-
sue fragments selected for histopathological exami-
nation. Pathological data included in the study are 
summarized in Table 1. Besides, peripheral venous 
blood samples from 40 of these patients were collected 
prior to surgery in EDTA tubes and centrifuged at 
1500 rpm during 15 minutes. The obtained plasma 
was also stored at -80ºC. Enzyme assays have also 
been performed in plasma obtained from 24 healthy 
volunteers (matched by sex and age). 
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Table 1. PEP activity in CRC tissue according to clinico-
pathologic characteristics. Values are means + SE of peptidase 
activity recorded as pmol of units of peptidase (UP) per milligram 
of protein. 

Variables  n =  UP/mg prot (Media 
± S.E )  

T student 
(p =)  

Grade      
Low (G1-G2) 62 14337 ± 1062 0.284  
High (G3-G4)  18  11776± 1914  
Stage     
Low (T1-T2)  11 12282 ± 1963 0.721  
High (T3-T4)  69  13964 ± 1026  
Nodal invasion     
No 49 14825 ± 1311 0.213  
Yes  31  12442 ± 1269  
Distant Metastases     
No  73 13651 ± 988 0.527  
Yes  7  15680 ± 3062  
Lymphatic invasion     
No 71 14058 ± 1012 0.531  
Yes  9  12146 ± 2820  
Vascular invasion     
No 65 14983 ± 1058 0.014  
Yes  15  9134 ± 1685  
Perineural invasion     
No 75 14013 ± 962 0.461  
Yes  5  10952 ± 4314  
Grouped stage     
Low (0-IIC) 45 14605 ± 1372 0.389  
High (IIIA-IV)  35  12975 ± 1255  

 

Table 2. PEP activity in plasma from CRC patients ac-
cording to clinicopathologic characteristics. Values are 
means + SE of units of peptidase per liter of plasma (UP/L).  

Variables  n =  UP/L (Media ± S.E )  Mann-Whit
ney (p =)  

Grade      
Low (G1-G2) 33 12.3 ± 0.88 0.676  
High (G3-G4)  7  10.7 ± 0.75  
Stage     
Low (T1-T2)  9 13.5 ± 2.04 0.532  
High (T3-T4)  31  11.6 ± 0.78  
Nodal invasion     
No 29 12.3 ± 0.9 0.493  
Yes  11  11.1 ± 1.38  
Distant Metastases     
No  37 11.5 ± 0.73 0.038  
Yes  3  17.56 ± 2.9  
Lymphatic invasion     
No 34 11.7 ± 0.8 0.389  
Yes  6  13.5 ± 2.5  
Vascular invasion     
No 33 12.2 ± 0.89 0.701  
Yes  7  10.7 ± 1.03  
Perineural invasion     
No 38 12.1 ± 0.77 0.852  
Yes  2  10.1 ± 1.63  
Grouped stage     
Low (0-IIC) 28 12.2 ± 0.91 0.712  
High (IIIA-IV)  12  11.5 ± 1.31  

Sample preparation 
Explanted tumor samples were homogenized in 

10 mM Tris-HCl buffer at pH 7.4, for 30 seconds at 800 
rpm using a Heidolph PZR 50 Selecta homogenizer, 
and ultracentrifuged in a Centrikon T-2070 Kontron 
Instruments apparatus at 100,000 g for 35 minutes. 
The resulting supernatants were used to measure PEP 
activity. Previously collected plasma samples were 
used to determine plasmatic PEP activity. All the 
above-described steps were carried out at 4 °C.  

Prolyl endopeptidase activity measurements 
PEP activity was fluorimetrically measured us-

ing a modified version of the method described by 
Olivo et al. [27], using Z-Gly-Pro-β-naphthylamide 
(0.125mM) as substrate. The assay is based on the 
fluorescence of β-naphthylamine generated from the 
substrate by PEP. The components of the assay mix-
ture (total volume 2ml) included the following: 50mM 
of sodium phosphate buffer (pH 7.4), 2 mM of 
DL-dithiothreitol and 0.15mg/ml of bovine serum 
albumin. The reaction was initiated by adding 50µL of 
tissue or plasma sample to 1mL of the assay mixture. 
This was incubated at 37ºC for 30 minutes and the 
reaction was stopped by addition of 1 mL of 0.1M 
sodium acetate buffer (pH 4.2). The excitation and 
emission wavelengths were 345 and 412 nm, respec-
tively. Blanks were used to determine background 
fluorescence. Relative fluorescence was converted 
into picomoles of product using a standard curve 
constructed with increasing concentrations of 
β-naphthylamine.  

To verify that the formation of β-naphthylamine 
(β-NA) was due to the action of PEP and not due to 
other enzymes, we performed inhibition assays in 
CRC tissue and plasma with a specific inhibitor of 
PEP (KYP-2047). The releasing of β-NA was com-
pletely inhibited in tumor tissues (100%) and mainly 
inhibited (%78) in plasma samples.  

Protein concentration was measured in triplicate 
by the Bradford method [28], using BSA (1 mg/mL) as 
the calibrator. Results from the CRC tissues and from 
plasma samples were recorded as units of peptidase 
per milligram of protein (UP/mg prot) and per liter of 
plasma (UP/L), respectively. One unit of peptidase 
activity (UP) is the amount of enzyme required to 
release one pmol of β-naphthylamine per minute. 
Fluorogenic assays were linear with respect to hy-
drolysis time and protein content. 

Statistical analysis 
Kolmogorov-Smirnov and Shapiro-Wilk tests 

were applied to data obtained from tissue and plasma 
samples respectively to know if the numbers followed 
or not a normal distribution. Based on this infor-
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mation, PEP activity differences in tissue and plasma 
were analyzed with parametric (Student t) and 
non-parametric (Mann-Whitney test) probes, respec-
tively. ANOVA and Scheffé post-hoc test was applied 
to detect differences in PEP activity of tumors from 
different topographies (colon vs. rectum), and 
Spearman Rho to correlate tumor size, plasmatic and 
tissue PEP activity. Kaplan-Meier curves and log-rank 
test were performed to evaluate the association be-
tween PEP and overall and disease-free survival, 
comparing groups created by cut-off points based on 
median PEP activity values. Receiver-operating char-
acteristic (ROC) curves were also performed to test 
the sensitivity and specificity of the selected cut-off 
values of plasmatic PEP. A Cox regression model was 
used to test the independent effects of clinical and 
pathological variables and PEP activity on survival. 
SPSS® 19.0 software was used for the statistical analy-
sis. 

Results 
PEP activity in tissue according to 
clinicopathologic variables 

PEP activity was decreased in colorectal adeno-
carcinomas showing vascular invasion (Student t, 

p<0.05). Tumors with high Grade, advanced Stage, 
lymph node metastases, and lymphatic and perineu-
rial invasion showed also a non-significant tendency 
to have decreased activity levels in this enzyme. Re-
sults are summarized in Table 1. Topographic distri-
bution of tumors also displayed significant differ-
ences in PEP activity (Fig. 1A), with higher activity in 
tumors located in the colon than in the rectum 
(ANOVA, p<0.05; Scheffé test p<0.05). To elucidate if 
these significant differences between the two topog-
raphies, colon and rectum, were related with the 
chemo-radiotherapy regimes previously administered 
to some patients with rectal adenocarcinoma, we 
compared the enzyme activity in cases with and 
without this previous treatment (Fig. 1B). Interest-
ingly, PEP activity was decreased threefold in the 
group who received chemo-radiotherapy (Student t, 
p<0.05). 

PEP activity in tissue according to overall and 
disease-free survival  

Five-year overall survival (OS) and disease-free 
survival (DFS) of patients with CRC was better when 
PEP activity was higher than 15,000 UP/mg of protein 
(Figs. 2A and 2C).  

 
 

 
Figure 1. A. Topographic distribution of PEP activity in CRC tissue. Columns compare PEP activity of tumor tissues from right hemicolon (between cecum 
and the end of transverse colon), left hemicolon (between the splenic flexure and the end of sigmoid colon) and rectum. Values are means + SE of peptidase activity 
recorded as pmol of units of peptidase (UP) per milligram of protein. One-way ANOVA p<0.05. (*) Scheffé Test, p<0.05, when comparing left hemicolon and rectum. 
B. PEP activity in rectal cancer in response to preoperative chemo-radiotherapy. Columns compare PEP activity in neoplastic tissue from rectal cancer 
patients without and with preoperative chemo-radiotherapy. Values are means + SE of peptidase activity recorded as pmol of units of peptidase (UP) per milligram 
of protein. (*) Student’s T test, p<0.05. 
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Figure 2. Kaplan-Meier curves and Multivariate Analysis (Cox regression model) with PEP activity in CRC tissues. Overall survival (A) and dis-
ease-free survival (C) of 80 CRC patients according to their tumor PEP activity pattern. Multivariate analysis of clinicopathologic variables and tumor PEP activity in 
predicting overall survival (B) and disease-free survival (D) of patients with CRC. 

 
Fig.2B and 2D show results from the Cox regres-

sion model. By univariate analysis, OS and DFS cor-
related with distant metastases, grouped stage and 
nodal and lymphatic, vascular. OS also correlated 
with PEP activity while DFS also correlated with 
perineural invasion. Multivariate analysis showed 

that PEP activity, distant metastases and lymphatic 
invasion were independent prognostic factors for OS 
and DFS. 

PEP activity in plasma samples 
PEP activity in plasma samples of CRC patients 

was significantly higher than in healthy individuals 
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(12 ± 0.74 UP/L vs. 9.6 ± 0.62 UP/L, Mann-Whitney 
test p<0.05) (Fig. 3). The stratification of data accord-
ing to clinicopathological variables (Table 2), showed 
that CRC with distant metastases showed higher PEP 
activity than tumors without metastases. 

Spearman Rho test did not showed any signifi-
cant correlation between plasmatic and tissue PEP 
activity (r = -0.278; p<0.1) and tumor size (r= -0.111; 
p<0.494). 

PEP activity in plasma according to overall and 
disease-free survival 

For plasmatic activity, the 11 UP/L cut-off value 
showed the most optimal sensitivity (Se) and speci-
ficity (Sp) ratios (Se=77% and Sp=72% for OS, and 
Se=78% and Sp=59% for DFS) (Figs. 4A and 4B). 

With this cut-off value, the analysis of PEP ac-
tivity in plasma samples displayed opposite results to 
those obtained in tissue. Thus, when plasmatic PEP 
activity was higher than 11 UP/L the overall and 
disease-free survivals were significantly worse in 
Kaplan-Meier curves (Figs. 5A and 5C).  

Using univariate analysis (Cox regression mod-
el), OS and DFS correlated with plasmatic PEP activ-
ity, distant metastases, grouped stage and nodal, 
lymphatic and vascular invasion. DFS also correlated 
with perineural invasion. Multivariate analysis 
demonstrated that plasmatic PEP activity was an in-
dependent prognostic factor in OS and DFS (Figs. 5B 
and 5D). 

 

 
Figure 3. Plasmatic PEP activity in CRC patients and healthy subjects (controls). Values are means + SE of units of peptidase per liter of plasma (UP/L). 
(*) Student’s T test, p<0.05. 

 

  
Figure 4. Receiver-operating characteristic (ROC) curves for plasmatic PEP activity. Optimal sensitivity and specificity ratios were observed using the following 
cut-off value: 11 UP/L, both for overall survival (A) and disease-free survival (B). 
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Figure 5. Kaplan-Meier curves and Multivariate Analysis (Cox regression model) with PEP activity in plasma from CRC patients. Overall survival 
(A) and disease-free survival (C) of 40 CRC patients according to their plasmatic PEP activity pattern. Multivariate analysis of clinicopathologic variables and plasmatic 
PEP activity in predicting overall survival (B) and disease-free survival (D) of patients with CR. 
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Discussion 
PEP is a serine peptidase involved in differenti-

ation, development and carcinogenesis of several tis-
sues [14, 16, 17, 19, 22, 24]. Recent studies have 
demonstrated that PEP expression and activity in-
crease in CRC [19, 24], thus suggesting the participa-
tion of this enzyme in the neoplastic transformation of 
the intestinal mucosa. However, there is no data 
supporting the impact of this peptidase in CRC 
prognosis. For this reason, we designed a prospective 
analysis of PEP activity in plasma and in tissue sam-
ples in a series of CRC patients aiming to define the 
role of this enzyme in the prognosis and survival of 
these patients. 

Several studies have shown that peptidases may 
have a predictive value in the assessment of survival 
in patients with cancer [6-12]. We have shown in this 
study that the quantification of PEP activity may be 
used as an additional prognostic parameter when 
evaluating life expectancy and clinical management of 
CRC patients. 

The adenoma-carcinoma sequence in the large 
bowel describes that the gradual progression from 
normal to dysplastic epithelium, and hence to carci-
noma, is the result of the successive accumulation of 
genetic mutations [29]. We have previously shown 
that PEP activity shows a distinct pattern in this se-
quence [24]. On one hand, PEP activity was signifi-
cantly increased in colonic and rectal preneoplastic 
adenomatous lesions but, on the other, PEP did not 
significantly increase in CRC when compared with 
the uninvolved mucosa. These unexpected and ap-
parently discordant findings have had support in the 
present study because CRC without blood vessel in-
vasion showed significantly higher levels of PEP ac-
tivity than CRC with invasion. A similar tendency has 
been observed in low grade, organ confined, and not 
invading nodal, lymphatic vessels and nerves CRC. In 
addition, 5-year overall and disease-free survival of 
patients were significantly better when PEP activity 
from CRC tissues was higher. All these findings taken 
together suggest that PEP activity in tissue may be a 
marker of early and/or less aggressive forms of the 
disease. 

PEP activity levels in tissue samples varied de-
pending on the topography. So, rectal carcinomas 
displayed a significantly decreased PEP expression 
compared with colonic adenocarcinomas. Some pa-
tients with rectal cancer received chemo-radiotherapy 
preoperatively for a better control of disease and in 
this subgroup of patients PEP activity was signifi-
cantly decreased compared with those who did not 
receive this treatment. The sensitivity of PEP to 
chemo-radiotherapy shown in the present study has 

also been observed in other proteases like matrix 
metalloproteinases, and indicates that these enzymes 
could be of potential use in clinical practice to predict 
the response to preoperative chemo-radiotherapy [30, 
31].  

Membrane-bound and cytosolic peptidases may 
be secreted to the extracellular space and appear in 
diverse body fluids [6, 32]. Several authors have 
demonstrated significant variations of circulating 
peptidases in cancer patients [7, 10, 14, 32-35], and this 
minimally invasive approach to analyze these en-
zymes has gained some acceptance to define the 
prognosis of the disease and to monitor the patient 
follow-up. For instance, the analysis of the serine 
peptidase DPPIV/CD26 in the plasma of patients 
with colorectal cancer has proved to be a reliable 
method in its early detection, being complementary to 
the classic fecal occult blood exam [7, 32-34].  

We have detected in this study that PEP activity 
increases significantly in the plasma of CRC patients 
when compared with healthy individuals. What is 
more, patients with distant metastases and with 
poorer overall and disease-free survivals had even 
higher plasma PEP activities. This finding is exactly 
the opposite of that observed with PEP activity in 
tissue samples (the higher the worse in plasma and 
the higher the better in tissue).  

The origin of circulating peptidases in patients 
with cancer is a controversial issue. The main hy-
pothesis places its origin in the tumor cells [10,36], but 
other authors also point to the immune cells [32]. 
From our data it could be inferred that, as the CRC 
progresses and becomes more aggressive, there is a 
release of the enzyme from the tumor microenviron-
ment to the plasma. However, statistical analysis of 
correlation between tumor and plasma PEP activity, 
or between tumor size and plasma PEP, did not 
yielded significant results. This point might be helpful 
to validate these proteins as reliable markers of diag-
nosis and prognosis in cancer patients, and further 
studies are needed to clarify it. 

PEP is a peptidase enabled to regulate several 
bioactive peptides [13]. Assays in cell cultures and in 
animal models show that some of its natural sub-
strates, like angiotensins and thymosin β4, are impli-
cated in cell growth, angiogenesis and apoptosis [23, 
37, 38]. Some authors suggest that potentially coor-
dinated actions of this enzyme with matrix metallo-
proteinases are at the base of some inflammatory 
conditions [39], and still others advocate that PEP 
regulates the angiogenesis and cell growth inde-
pendently from its catalytic action [17,40,41]. As stat-
ed in other peptidases [6, 42], these data suggest that 
PEP is a multifunctional protein. Therefore, the role of 
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this enzyme in neoplasia most probably is the result of 
the sum of its different actions [17].  

The high PEP expression and activity levels de-
tected in urological, laryngeal, ovarian and thyroidal 
tumors point to a hypothetical stimulating role of this 
enzyme in cancer [14, 19, 22-24]. However, it is largely 
debatable what is the meaning of PEP in early phases 
of CRC, or which is the meaning of PEP activity de-
creases in the aggressive behaviour of this neoplasm, 
because the lesser the PEP activity in tumor tissue the 
worse the patient survival. In this sense, some authors 
stress that peptidases may either promote or impede 
development depending on the specific type of tumor 
or on the phase of development the tumor is [6,43-45].  

Phenomena of specificity set forth practical dif-
ficulties when applying peptidase inhibitors in cancer 
therapies [46], and this point is being actively inves-
tigated nowadays. A new trend in this topic consists 
in the use of cytotoxic prodrugs enabled to be acti-
vated by specific peptidases only in where these pep-
tidases are more active or highly expressed, aiming to 
damage the neoplastic cell without modifying the 
enzyme functionality [46-48]. Some investigators are 
working with prodrugs with the fibroblast activation 
protein (FAP) as a target [48]. FAP is a cell-surface 
serine peptidase with an enzymatic activity similar to 
PEP that is expressed in early phases of CRC which 
has been proposed as a prognostic marker of this 
disease [35,49]. Following the same argument, our 
results suggest that PEP could be the target of similar 
prodrugs in early phases of CRC in which this en-
zyme is more active [24]. 

In conclusion 
• PEP activity is an independent prognostic factor 

in the survival of patients with CRC. 
• PEP activity shows an opposite pattern in plas-

ma and in tissue in CRC patients. So, poor sur-
vival rates had low PEP activity in the tissue and 
high activity in the plasma. The underlying rea-
sons explaining this finding still remain un-
known. 

• The determination of PEP activity in the plasma 
is a safe, minimally invasive and inexpensive 
way to define the aggressiveness of CRC in daily 
practice.  

• Further studies are needed to use PEP as a target 
in CRC therapy.  
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