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ABSTRACT
Background and aims: To assess the expression levels of
cathepsins in malignant and premalignant lesions.
Methods: We retrospectively included patients who underwent
pancreatic surgery on pancreatic solid or cystic masses. The expression of cathepsin H, L, B and S was determined in both types
of samples. Lesions were divided into three categories: malignant
(pancreatic adenocarcinoma and malignant mucinous neoplasms),
premalignant (mucinous neoplasms) and benign (other lesions).
Results: Thirty-one surgical resection samples were studied.
The expression of cathepsins was significantly higher in malignant
lesions than in premalignant and benign lesions (H 75%, 27%, 37%
p = 0.05; L 92%, 36%, 37% p = 0.011; B 83%, 36%, 62% p =
0.069; S 92%, 36%, 25% p = 0.004, respectively).
Conclusions: Cathepsins are overexpressed in histological
samples of malignant lesions compared to premalignant and benign
lesions. However, the expression of cathepsins is similar in both
premalignant and benign lesions.
Key words: Cathepsins. Pancreatic adenocarcinoma. Pancreatic
mucinous neoplasms.

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is the most
lethal common cancer as it is usually diagnosed at an
advanced stage (1). As seen in other tumors, this neoplasm
progresses from a few initially atypical, benign intraepithelial lesions (2). On the other hand, other initially benign
pancreatic tumors such as the mucinous cystic neoplasms
(MCNs) and the intraductal papillary mucinous neoplasms
(IPMNs) are potentially malignant lesions since they can
progress to PDAC (3). Over the last few years, pre-operative diagnosis of these neoplasms has clearly improved
thanks to endoscopic ultrasound (EUS) and the possibility
of obtaining cytology samples.
The mechanisms of tissue aggression of a malignant
tumor are quite diverse. The tumor may grow, invade or
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distantly metastasize due to the interaction with its microenvironment (4). Several protease families are involved in
this process during carcinogenesis (5). One of these families is the cathepsin family. These proteases are lysosome
enzymes that degrade proteins in the acidic environment
of the lysosomes. They play key roles in different physiological processes (5-8). Cathepsins are encoded by several
genes in the genome (cathepsin B, C, D, F, H, K, L, O, S,
V, W, X/Z). By targeting the tumor cells, and specifically
on the microenvironment, cathepsins play a key role in
mitogenic activity, the degradation of the cellular matrix
and the decrease of the antitumor immune response. Thus,
tumor induction, growth, invasion and progression processes are allowed to progress (4,9-16). They also intervene in angiogenesis, apoptosis and the development of
metastasis (4,5,10-12,14,16-18). Some of these cathepsins
play an important oncogenic role in PDAC (14-16,1921). Several experimental and human studies have shown
expression of different cathepsins in tumor cells (22-30)
as well as in serum and in pancreatic juice of patients with
PDAC (31-35). The role of some cathepsins, especially H,
L, B and S, has been studied in the development of cancer
and their utility as prognostic markers has been assessed
in different tumors although the results are controversial
(22,24,25,27,28,31). Some cathepsins are not expressed in
normal pancreatic tissue but they are in lesions considered
as premalignant such as pancreatic intraepithelial neoplasias (PanINs) and in almost every adenocarcinoma. That is
why they would be quite important as an early biomarker
of this neoplasia (28-30,36). Unfortunately, some studies
have shown expression of cathepsins in pancreatic inflammatory pathologies, so their role in the diagnosis of PDAC
would be less specific (26-28). On the other hand, there
are not so many studies of the expression and the role of
cathepsins in other premalignant lesions such as the MCNs
and the IPMNs. Moreover, their results are contradictory
(27,36).
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Therefore, cathepsins are expressed in pancreatic adenocarcinoma as well as in premalignant lesions (PanINs)
with low or high grade dysplasia. Moreover, they may have
certain prognosis value. However, we do not know exactly
if cathepsins are expressed in other premalignant lesions
such as MCNs and IPMNs as well as in patients with
inflammatory diseases that are potentially malignant such
as chronic pancreatitis. We aim to assess the expression
levels of cathepsins in malignant and premalignant lesions.
METHODS
Patients
The study was designed as a case-control study. We included
patients who underwent pancreatic surgery. Diagnosis was made
from the pathological specimens.
Determination of the expression of cathepsins was performed
in histological material of the surgical specimen. The lesions were
divided into three categories: malignant (PDAC and malignant mucinous neoplasms), premalignant (mucinous neoplasms: MCN andd
IPMN) and benign (the remaining lesions). The study was approved
by the local Ethics Committee.

Determination of the expression of cathepsins
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H and L, we applied a secondary Ab (polyclonal rabbit anti-goat/
HRP; DakoCytomation) at 1:80 concentration during 10 minutes.

Immunohistochemical method and evaluation
of the results
Immunohistochemical studies were performed with four-micron
sections of the formalin-fixed and paraffin-embedded tissue of the
TMAs with a staining system (DakoCytomation). The evaluation
of the results of expression (cytoplasmic) was semi-quantitative
according to the percentage (0-100%) of neoplastic epithelial cells
and the staining intensity (0, 1+, 2+, 3+) of all the cathepsins (H,
L, B and S). Staining intensity scores 0-1+ were considered as no
expression and a score of 2+-3+ was considered as expression/overexpression (Fig. 1).

Statistical analysis
All the variables were collected in a spreadsheet designed for
the purpose. To describe alterations in all clinical, histological and
immunohistochemical variables, we used the relative frequency

A

Material selection
All the histological preparations were examined and the most
representative areas of the lesion were located in order to later perform the immunohistochemical study. Tissue microarrays (TMA)
including two tissue punches of 1 mm of representative tissue of
the pancreatic lesion were prepared. In addition, a TMA including
normal and tumoral tissue from other organs, including the pancreas,
were also prepared, and they were used to optimize (concentrations
and adequate incubation time) the use of the commercial antibodies
(Ab) (case-control TMA). Another three TMAs were prepared with
the cases included in the study.

B
Immunohistochemical study
Optimization of commercial, primary Ab
The following commercially available antibodies were used in
the study: mouse cathepsin H antibody (clone: Pol Goat IgG; dilution
1:80; supplier R&D; pretreatment: citrate buffer pH9; incubation 10
min, RT; method EnVisionFLEX); antihuman cathepsin L antibody
(clone: Pol Goat IgG; dilution 1:80; supplier R&D; pretreatment:
citrate buffer pH9; incubation 10 min, RT; method EnVisionFLEX);
human cathepsin B biotinylated antibody (clone: Pol Goat IgG; dilution 1:40; supplier R&D; pretreatment: citrate buffer pH9; incubation 30 min, RT; method Streptavidin-HRP); human cathepsin S
biotinylated antibody (clone: Pol Goat IgG; dilution 1:20; supplier
R&D; pretreatment: citrate buffer pH9; incubation 30 min, RT; method Streptavidin-HRP). In the case of the primary Ab of cathepsins
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Fig. 1. Examples of expression of cathepsins (cathepsin L) in histological
samples. A. No expression. B. Overexpression.
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expressed as a percentage for the qualitative variables and the mean
and standard deviation or median and the 25 and 75 percentiles
according to the distribution type (parametric or non-parametric) for
the quantitative variables. We used the Chi-squared test and Fisher’s
exact test to study the correlation between the immunohistochemical data and the clinical-pathological factors when applicable. The
statistical significance cut-off was p < 0.05.

RESULTS
Thirty-one patients were included in the study. The
expression of cathepsins in the material obtained after
surgical resection of pancreatic lesions was determined in
all specimens. Table I shows the characteristics of patients.
Expression of cathepsins in histological material
The final diagnosis of these lesions was different,
although most of them were identified as adenocarcinoma.
Twelve lesions were considered as malignant, 11 as poten-
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tially malignant and 8 as benign (Table I). The location of
the lesion in cases that were different from a chronic pancreatitis was as follows: 20 were located in the head of the
pancreas, 2 in the body and 3 in the tail. The relationship
between the expression of cathepsins and the malignancy
of the lesions with histological material is shown in table
II. Seventy-five percent of the malignant lesions expressed
cathepsin H, whereas expression was detected in only 27%
of premalignant lesions and in 37% of benign lesions (p
= 0.057). The expression of cathepsin L was detected in
92% of the malignant lesions and only in 36% and 37% of
premalignant and benign lesions, respectively (p = 0.011).
The expression of cathepsin B was detected in 83% of the
malignant lesions, 36% of premalignant and 62% of the
benign lesions (p = 0.069). Finally, 92% of the malignant
lesions expressed cathepsin S, as compared to 36% of the
premalignant and 25% of the benign lesions (p = 0.004).
It is important to mention that the separate analysis of
the three patients with malignant IPMN showed expression
of all the cathepsins in every lesion. However, expression
of cathepsins in the group of patients with premalignant
lesions was low both in patients with IPMN and in the
three patients with MCN as shown in table II.

Table I. Characteristics of patients
n

31

DISCUSSION

Sex (M/F n [%])

15 (48)/16 (52)

Age (years X ± SD)

59.1 ± 15

Final diagnosis (n [%])

PDAC: 9 (29)
IPMN: 8 (26)
IPMN-PDAC: 3 (10)
MCN: 3 (10)
Inflammatory: 6 (19)
Other: 2 (6)

Malignancy (n [%])

Malignant: 12 (39)
Premalignant: 11 (35)
Benign: 8 (26)

PDAC is a disease with a poor prognosis because it
is often diagnosed at an advanced stage. Several imaging
techniques have been used to improve early detection of
this tumor. Over the last few years the determination of
biomarkers thought to play a role in PDAC oncogenesis
has been added to the conventional cytological techniques
usually performed (4). One of these aspects is the expression of certain proteases such as the cathepsins (5). This
family of proteases has been involved in the growth and
invasion processes of some tumors such as PDAC (5-8).
The expression of some cathepsins has been detected in
both experimental (22,29,30) and human material ex vivo
studies (24-28,37). In our study, the expression of cathepsin B in the tissue of patients with PDAC has been detected

PDAC: Pancreatic ductal adenocarcinoma; IPMN: Intraductal papillary mucinous
neoplasm; IPMN-PDAC: Malignant intraductal papillary mucinous neoplasm;
MCN: Mucinous cystic neoplasm; Inflammatory: Inflammatory mass (chronic
pancreatitis); Other: Retention cysts.

Table II. Relationship of the cathepsins expression in resected specimens and malignancy of lesions
Cathepsin H

Cathepsin L

Cathepsin B

Cathepsin S

Total
Malignant PDAC
IPMN+PDAC

75.0 (9/12)
66.7 (6/9)
100 (3/3)

91.7 (11/12)
88.9 (8/9)
100 (3/3)

83.3 (10/12)
77.8 (7/9)
100 (3/3)

91.7 (11/12)
88.9 (8/9)
100 (3/3)

Total
Premalignant IPMN
MCN

27.3 (3/11)
25.0 (2/8)
33.3 (1/3)

36.4 (4/11)
50.0 (4/8)
0 (0/3)

36.4 (4/11)
37.5 (3/8)
33.3 (1/3)

36.4 (4/11)
37.5 (3/8)
33.3 (1/3)

Benign

37.5 (3/8)

37.5 (3/8)

62.5 (5/8)

25.0 (2/8)

Results expressed as % (n/n total). PDAC: Pancreatic ductal adenocarcinoma of pancreas; IPMN: Intraductal papillary mucinous neoplasm; IPMN+PDAC: Malignant intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm.
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in 83% of cases. This data is in accordance with other studies (24,25,27) based in similar material. We also detected
the expression of cathepsins S, L and H; the first two were
expressed at a higher level than the other types.
With regard to early diagnosis of PDAC, a useful technique must be quite sensitive and specific, and it must
avoid false positive malignant cases given the aggressiveness of this treatment. For this reason, we included patients
with chronic pancreatitis or another pancreatic benign
pathology in the material from the surgical specimens. In
these lesions, the expression of cathepsins H, L, B and S
is significantly lower (or tending towards statistical significance) than the expression described in patients with
PDAC, although this expression ranged between 25 and
62% depending on the cathepsin type. The expression of
cathepsins in pancreatic benign pathology has also been
described by other studies (26,28), so its value in the diagnosis of PDAC is again restricted.
Due to the poor effectiveness of the indicated treatments
for PDAC and its poor prognosis, prevention becomes a
relevant aspect. Currently, two types of lesions have been
identified as precursors of this tumor. One is the pancreatic
intraepithelial neoplasm (PanIN) that cannot be detected
by imaging techniques at the present time (2). Expression
of cathepsins has been also described in this lesion (22,2830,38). The other premalignant lesions are the mucinous
tumors, both MCN and IPMN. Fortunately, these lesions
can be detected by imaging techniques even when they
are small, especially by EUS. The premalignant potential
of the MCNs and the IPMNs that affect the main pancreatic duct is high, thus they must be surgically resected.
However, the morbidity associated with pancreatic surgery
is not insignificant and many of the removed lesions do
not present dysplastic changes at this stage. On the other
hand, the possibility that a branch duct IPMN develops
into PDAC is lower, so those cases without mural nodules,
asymptomatic and smaller than 3 cm may be monitored at
regular intervals (3). Cytology specimens may be obtained
by EUS to diagnose solid and cystic lesions of the pancreas. However, the sensitivity of cytology is limited so the
search for other diagnostic markers is required. Only two
studies have researched the expression of cathepsins in
IPMN. One of them showed that the cathepsin E gene is
overexpressed in more than half of patients with these neoplasms (36). This finding suggests that these lesions share
a genetic profile with PDAC. However, the other study
did not observe expression of cathepsin B in any of the
three patients (27). In our study, the expression of cathepsins was generally low in 8 patients with this neoplasm;
cathepsin L was expressed in half of patients. No data has
been published about the expression of cathepsins in MCN.
Cathepsins H, B and S expression was observed in one
of the three neoplasms in our three patients with MCN
(although each one was not expressed in the same patient).
Cathepsin L was not expressed in any neoplasm. Thus, we
observed expression of the different cathepsins studied in
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between 27 and 36% of patients with potentially malignant
lesions. These data are significantly lower than the data
from patients with PDAC, but similar to the patients with
a benign pathology. This questions the physiopathological
role of cathepsins in the non-malignant pancreatic mucinous neoplasms and restricts its diagnostic value in these
lesions. However, the sample was small because only three
patients had a malignant IPMN, and it is surprising that
expression of all cathepsins was detected in all of them.
This suggests that these proteases may play an oncogenic
role in these neoplasms.
In conclusion, in the material obtained from surgical
specimen, cathepsins are overexpressed in the malignant
lesions compared to the premalignant and the benign
lesions. Unfortunately, expression of cathepsins is similar
in premalignant and benign lesions, so it does not allow
discrimination between both types of lesions.
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