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Abstract: The aim of the present study was to study the expression and activity of trypsin in tissues from patients
with cervical cancer and precursor lesions. Immunohistochemistry assays were used to analyze trypsin expression
in fixed paraffin-embedded tumor tissues obtained from patients with squamous cervical carcinomas (large-cell
keratinizing and non-keratinizing types) and squamous intraepithelial lesions. Proteolytic activity was evaluated
in tissue extracts by zymography. Human papillomavirus (HPV) genotyping was performed using PCR. We describe
for the first time that trypsin is expressed in invasive squamous cervical carcinomas. Both trypsin expression and
proteolytic activity were linked to tumor progression. Our data suggest that trypsin, directly or indirectly, plays a key
role in cervical cancer progression.
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Introduction
Worldwide, cervical cancer is the second most
common malignant neoplasm in women. It has
been established that infection with human
papillomavirus (HPV) is a necessary but not
unique factor for the development of cervical
cancer. Co-factors that increase the risk for cervical cancer among HPV DNA positive women
include the use of oral contraceptives, smoking, high parity, a history of previous sexually
transmitted disease and immunodeficiency
[1-4]. Cervical carcinogenesis implies HPV
infection, viral persistence, progression and
invasion [5]. Proteases play a key role in cancer
invasion and metastasis [6]. Studies have
found a direct correlation between proteolytic
activity and malignant progression from precursor lesions to invasive cervical carcinoma [7, 8].
New insights in cancer research have revealed
a crucial role of new serine-proteases, including Type II Transmembrane Serine Protease,
Trypsin-like and Trypsin proteinases [9-11]. Adv-

anced ovarian cancer has been associated with
tumor expression of trypsinogen-1, trypsinogen-2, tumor-associated trypsin inhibitor and
high trypsin serum levels [12].
A strong association between trypsin and PAR-2
expression in five different cervical cancer cell
lines has been reported. PAR-2 expression was
found to correlate with tumor proliferation upon
trypsin or PAR-2-agonist stimuli [13]. However,
the expression of trypsin in tissues from
patients with cervical cancer and precursor
lesions as of yet remains unknown. The aim of
the present study was to evaluate the expression and proteolytic activity of trypsin in tissues
obtained from patients with cervical cancer
and precursor lesions.
Materials and methods
Patients and tissue samples
Cervical samples were obtained from 20 patients with invasive squamous cervical carcino-
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mas (large-cell keratinizing and non-keratinizing types) and from patients with squamous
intraepithelial lesions. Women without a history
of abnormal Pap smears, who planned to
undergo a hysterectomy due to non-malignant
conditions, were included as controls (normal
epithelium confirmed by histopathology). All
women (age range 36-65 years) were patients
of the OPD Hospital Civil de Guadalajara,
Mexico. Two different pathologists independently confirmed the diagnoses for each specimen. The protocol was approved by Biomedical
Sciences and Ethics Committees according to
the latest guidelines of the World Medical
Association Declaration of Helsinki (Fortaleza,
Brazil, October 2013).
Tissue extracts
After removing necrotic and bloody areas, the
samples were frozen at -70°C until extraction.
Extracts were prepared from 100-150 mg (wet
weight) tissue samples as previously described
[7]. The specimens were homogenized in a
high-speed mixer-homogenizer (Polytron PT
3000, Kinematica AG, Brinkmann, Switzerland)
for 5 min at 15000 rpm, in 4 mL of serum-free
AIM-v® medium (GIBCO Laboratories, Grand
Island, NY) at 4°C. After three freeze-thaw
cycles, each homogenate was sonicated (Sonic
Dismembrator Brand, U.S.A.) twice at 21 kilocycles/sec for 1 min at 4°C. The homogenate
was centrifuged at 8000 g for 10 min at 4°C to
obtain the supernatant. The protein concentrations of the extracts were determined using
the Bradford assay [14, 15]. The supernatants
(1.5 mg/mL protein) were divided into aliquots
and stored at -70°C until they were analyzed.
Immunohistochemistry
Paraffin-embedded tissues were cut into 5 µm
sections and transferred to silanized slides and
then treated with xylene (J.T. Baker; Xalostoc,
Mexico) to remove the paraffin. Tissues were
rehydrated through graded alcohol (SigmaAldrich Corp., St. Louis, MO, USA) and heated in
a steamer for 30 min in citrate buffer (10 mM,
pH 6.0) for antigen retrieval. Slides were rinsed
in Tris-buffered saline (TBS: 50 mmol/L Tris,
150 mmol/L NaCl, pH 7.4) and treated with
Dako Peroxidase Block (Dako; Carpinteria, CA)
for 5 min at room temperature to quench
endogenous peroxidase activity. Sections were
incubated with an anti-trypsin (human specific)
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monoclonal antibody (Chemicon®) for 2 h. The
two-step EnVision system (Dako; Carpinteria,
CA) was used for color development. Application
of the primary antibody was followed by incubation with a polymeric conjugate [secondary
anti-mouse antibodies bound to a dextran
backbone containing horseradish peroxidase
(HRP)] for 30 min at room temperature. The
highly sensitive 3-amino-9-ethylcarbazol plus
(AEC1) chromogen (Dako) was used as substrate for the EnVision HRP enzymes. All sections were counterstained with Mayer’s
Hematoxylin and mounted in a gelatin-glycerinbased medium (Glycergel, Dako Faramount;
Dako), and examined by light microscopy using
a grid eyepiece. Negative controls included
sections negative for the anti-trypsin and
stained with nonspecific mouse IgG at the
same protein concentration as the primary
anti-trypsin antibody. Pancreatic tissue was
used as a positive control in each staining run.
Evaluation of immunohistochemical staining
Two pathologists performed histological and
immunohistochemical evaluations independently. For each sample, at least 3000 cells
were evaluated for trypsin expression. The
staining reaction was evaluated using the
immunoreactive score (IRS) reported by Ikeda
et al. [16]. IRS=SI (staining intensity) X PP (percentage of positive cells). SI was defined as 0
(negative), 1 (weak), 2 (moderate) and 3
(strong). PP was defined as 0 (negative), 1
(1-10% positive cells), 2 (11-50% positive cells),
3 (51-75% positive cells) and 4 (76-100% positive cells).
Zymography
Gelatin zymography was carried out on 12.5%
polyacrylamide gels containing 1 mg/mL gelatin at 4°C. After electrophoresis, gels were incubated for 20 h in 50 mM Tris-HCl (pH 7.5)
with 0.1 M NaCl and 2.5% (v/v) Triton X-100
in the presence of 5 mmol/L ethylenediaminetetraacetic acid (EDTA) to inhibit metalloproteinase activity. The gels were stained with
Coomassie Brilliant Blue and rinsed with methanol-acetic acid-water for 60 min [17].
DNA extraction
Tissue regions of interest, including invasive
cervical tissue, were defined by morphological
Int J Clin Exp Pathol 2017;10(5):5587-5593

Trypsin in cervical cancer
Table 1. Primer sequences of different types of HVP virus
VIRUS

Primer Sequences (5’-3’)

HVP (CpI/CpII) (DNA)-CGTCCAAGAGGATACTGATC 1F
(DNA)-GCACAGGGTCATAATAATGG 1R
HVP6/11
(DNA)-CTCTGCCGGTGGTCAGTGCAT 1F
(DNA)-ATGCCTCCACGTCTGCAAC 1R
HVP16
(DNA)-CTGCACATGGGTGTGTGC 1F
(DNA)-GCAGCTCTGTGCATAAC 1R
HVP18
(DNA)-GAATTCACTCTATGTGCAG 1F
(DNA)-TAGTTGTTGCCTGTAGGTG 1R
HVP31
(DNA)-TTCAAAAATCCTGCAGAAAG 1F
(DNA)-CTTTGACACGTTATACACCT 1R
HVP33
(DNA)-ACCTTTGCAACGATCTGAGG 1F
(DNA)-GAACCGCAAACACAGTTTAC 1R

criteria. Tissue regions were outlined and
excised from the paraffin block using a small
scalpel (3 mm × 3 mm). Fragments were collected in autoclaved plastic microtubes (1.5
mL). The paraffin was dissolved twice in xylene
(1 mL) for 10 min. Then, 0.5 mL of 100% ethanol was added and mixed for 5 min followed by
centrifugation at 10,000 g for 3 min with two
changes. After ethanol evaporation at 37°C,
200 μg/mL of proteinase K (Sigma Chemical,
St. Louis, MO, USA) was added for 36 h at 37°C.
Proteinase K was inactivated at 94°C for 10
min. Aqueous supernatants were transferred to
another fresh microtube. The DNA was precipitated by adding 100% ethanol and 20 μg/mL
glycogen (Sigma Chemical, St. Louis, MO, USA)
for 30 min at -20°C. The pellet was washed
twice with 70% ethanol, dried and resuspended in 20 μL of distilled water and measured
spectrophotometrically.
PCR assay
HPV genotyping was performed using specific
primers (Table 1). All PCR reactions were performed in a total volume of 50 μL. The PCR mixture contained 75 mM Tris-HCl pH 8.8, 20 mM
(NH4)2SO4, 0.01% Tween 20, 2 mM MgCl2, 0.2
mM dNTPs, 0.6 μM of each primer, 1.25 U of
recombinant Taq DNA polymerase (Fermentas)
and 100 ng DNA. Genomic DNAs from SiHa
(HPV16), HeLa (HPV18) and tissue samples
with known HPV infection for HPV6/11, HPV31
and HPV33 were used as positive controls.
Genomic DNA from C33-A (HPV negative) cervical cancer cells was used as the negative control. The cycling protocol for CPI/CPII was 94°C
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Amplimer length
(base pair)
188
120
229
221
320
108

for 30 s, 51°C for 30 s, 72°C
for 60 s for 40 cycles; HPV16:
92°C for 120 s, 48°C for 90 s,
72°C for 60 s for 40 cycles;
HPV6/11 and HPV18: 92°C for
120 s, 48°C for 90 s, 72°C for
60 s for 38 cycles; and HPV31
and HPV33: 94°C for 60 s, 45°C
for 60 s, 72°C for 60 s for 45
cycles. Amplification products
were electrophoresed on 1.8%
agarose gels and visualized
using ethidium bromide staining
under UV light.
Statistical analysis

Statistical analysis was performed using the
SPSS software package (version 10.0; SPSS
Inc., Chicago, IL). Measures of central tendency
and dispersion were determined. Trypsin expression in normal cervical tissues, squamous
intraepithelial lesions and cervical cancer were
compared using the ANOVA test. Pearson’s correlation was used to correlate trypsin expression or activity with HPV infection. Trypsin
expression and proteolytic activity were correlated with clinical stage. Differences were considered significant at P< 0.05.
Results
We included negative controls (tissue sections
not stained with the anti-trypsin antibody or
stained with a nonspecific mouse antibody)
and positive controls (pancreas sections) to
ensure the specificity of the immunohistochemical staining. Immunohistochemical analysis
showed that trypsin was not expressed in normal cervical tissues. Neither ectocervical nor
endocervical normal epithelia from the 10 normal women reacted to the anti-trypsin antibody. Trypsin was poorly expressed in 3/10
squamous intraepithelial lesions, with an
immunoreactive score (IRS) of 1. In contrast,
70% of invasive cervical tumors were positive
for trypsin, with IRS ranging from 2 to 4; these
samples exhibited a cytoplasmic staining pattern (Figures 1 and 2). Trypsin expression was
stronger on the invasive fronts of the tumors.
Using Pearson’s correlation, we observed a significant positive correlation between clinical
stage (FIGO) and IRS (r = 0.65, P = 0.04).
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Figure 1. Trypsin immunoreactivity in cervical tissues. Trypsin expression in normal, SIL and malignant cervical tissues was detected by immunohistochemical assay and analyzed by an immunoreactive
score (IRS) ranging from 0 to 4. The figure shows representative samples from all study groups: A: Control
section which did not reveal any staining reaction; B:
SIL section which showed only weak trypsin immunoreactivity; C: Malignant section with a strong trypsin
signal at the invasive front of the tumor (magnification 400 ×).

None of the normal or intraepithelial lesion
extracts showed evidence of trypsin activity as
demonstrated by zymography. In contrast, six
out of ten tissue extracts obtained from invasive cervical cancer showed a characteristic
trypsin band with an apparent molecular weight
of 23 kDa (Figure 3). All tumor tissues with
zymographic evidence of trypsin activity were
also positive for the presence of trypsin when
tested in the immunohistochemistry assay
(with IRS ranging from 2 to 4, as previously
mentioned). One tumor sample that was positive for trypsin using immunohistochemistry
(with an IRS of 2) was negative for trypsin activity. Using Pearson’s correlation, we observed a
significant positive correlation between immunoreactive score (IRS) and proteolytic activity
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Figure 2. Immunoreactive trypsin is mainly detected
in samples derived from patients with cervical cancer. Trypsin expression in normal, SIL and malignant
cervical tissues was detected by immunohistochemical assays and analyzed by an immunoreactive score
(IRS) ranging from 0 to 4. A strong trypsin immunoreactivity was observed in those samples obtained
from patients with cervical cancer. Only a weak reaction was detected in two SIL samples, while all
the normal tissues were completely negative for the
presence of trypsin. A significant positive Pearson’s
correlation was seen between clinical stage (FIGO)
and IRS.

index (PAI) (r = 0.74, P = 0.01). Interestingly, the
proteolytic activity increased according to
tumor progression. Tumor tissues from patients
with stage I, stage II and stage III-IV showed a
median proteolytic activity index of 50, 100
and 175, respectively (Figure 4). Pearson’s correlation analysis between stage and proteolytic
activity showed a significant positive correlation (r = 0.66, P = 0.03). We did not find a significant correlation between trypsin expression
(IRS) or proteolytic activity and HPV infection
with high risk or low risk types.
Discussion
Tumor interaction with its microenvironment is
a key element for tumor progression, invasion
and metastasis. Proteases produced by tumor
or stromal cells induce extracellular matrix
(ECM) degradation and changes in cell-cell or
cell-ECM interactions, generating signals for
survival, proliferation, cell behavior, motility or
death [18].
Trypsin, a potent serine proteinase expressed
in different malignant tumors, has been associ-
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expression is a late event, associated with advanced clinical stages but unrelated to
HPV infection.
It has been reported that trypsin activates metalloproteinase (MMPs), which in turn
facilitate invasion and metastasis. Patients with trypsinpositive colorectal tumors
have a poor prognosis and
shorter disease-free survival.
Figure 3. Trypsin activity is present in cervical cancer homogenates. Trypsin
Reported data suggest that
activity in extracts from normal, SIL and malignant cervical tissues was detrypsin acts both directly by
termined through zimography. A band on the gel corresponding to the molecular mass of trypsin (23 kDa) was detected in more than half of the cancer
ECM digestion and indirectly
extracts. Conversely, extracts from normal and SIL tissues did not reveal any
through activation of other
bands. All malignant tissues showing proteolytic activity were strongly immuproteinases such as MMP-2,
noreactive to trypsin (IRS ranging from 2 to 4, Figure 2).
MMP-7, MMP-9 and matriptase or PAR-2 activation [19,
20]. Previous studies confirmed a key role for
MMPs in cervical cancer progression mediated
by complex interactions with serine and cysteine proteases [7, 8, 21, 22].

Figure 4. Proteolytic activity increases according to
the tumor progression. The malignant homogenates
were stratified following the FIGO System of Clinical
Staging as stage I, II, and III-IV. The highest proteolytic activity index was found in those patients with
more extensive tumors. The box plots represent each
tumor stage. Medians are represented as thick horizontal lines, 25th and 75th percentiles as boxes and
10th and 90th percentiles as whiskers.

ated with tumor progression and poor prognosis [10, 12, 19]. In this work, we describe for
the first time that trypsin is expressed in invasive squamous cervical carcinomas and can be
linked to tumor progression. We demonstrated
both the presence of trypsin and its activity in
cervical cancer tissues. A significant correlation between trypsin expression or proteolytic
activity and FIGO stage was observed. Trypsin

5591

Trypsin and other serine proteases such as
tryptase, plasmin and thrombin regulate cell
signaling by proteinase-activated receptors.
Human PAR-1, PAR-2 and PAR-4 can be activated by trypsin and generates a ‘tethered’
receptor-triggering ligand during receptor cleavage. It has been reported that both PAR-1 and
PAR-2 play a central role in epithelial tumors,
promoting invasion through interactions with
proteins such as Akt/PKB, Etk/Bmx and Vav3,
via pleckstrin homology domains [23].
We previously demonstrated a strong correlation between PAR-2 and trypsin in five different
cervical cancer cell lines. Exposure to trypsin or
a PAR-2-agonist enhanced PAR-2 dependent
tumor proliferation as measured by flow cytometry [13]. The biological and clinical relevance
of these previous findings is supported by our
present results that show a significant increase
in trypsin and proteolytic activity in the later
clinical stages of cervical cancer.
Unfortunately, the progress ofthe treatment for
advanced cervical cancer has been restricted
to palliative management. Basic research and
clinical trials are needed to discover new targets for effective treatments [24]. The research
of protease and protease-inhibitors, including
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the PAR pathways, represent an important therapeutic window for cancer treatment [6]. Taken
together our current results in the context of
previous reports, suggest that trypsin and the
PAR systems may be biomarkers for cervical
cancer prognosis and targets for treatment.

[9]

Acknowledgements
This work was supported by a grant from
CONACyT 30927-M to Adrian Daneri-Navarro.
The authors declare that they have no competing interests.

[10]
[11]

Disclosure of conflict of interest
None.

[12]

Address correspondence to: Adrian Daneri-Navarro,
Laboratorio de Inmunología, Departamento de
Fisiología, CUCS, Universidad de Guadalajara, Sierra
Mojada # 950, Colonia Independencia, CP 44340,
Guadalajara, Jalisco, México. Tel: +52 33 10585200,
34011; E-mail: daneri@cucs.udg.mx

[13]

References
[1]
[2]
[3]
[4]

[5]
[6]

[7]

[8]

Bosch FX, de Sanjose S. The epidemiology of
human papillomavirus infection and cervical
cancer. Dis Markers 2007; 23: 213-227.
zur Hausen H. Papillomavirus infections--a major cause of human cancers. Biochim Biophys
Acta 1996; 1288: F55-78.
Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. Global cancer statistics. CA Cancer
J Clin 2011; 61: 69-90.
Sierra MS, Soerjomataram I, Antoni S, Laversanne M, Pineros M, de Vries E, Forman D.
Cancer patterns and trends in Central and
South America. Cancer Epidemiol 2016; 44
Suppl 1: S23-S42.
Schiffman M, Castle PE, Jeronimo J, Rodriguez
AC, Wacholder S. Human papillomavirus and
cervical cancer. Lancet 2007; 370: 890-907.
Eatemadi A, Aiyelabegan HT, Negahdari B, Mazlomi MA, Daraee H, Daraee N, Eatemadi R,
Sadroddiny E. Role of protease and protease
inhibitors in cancer pathogenesis and treatment. Biomed Pharmacother 2017; 86: 221231.
Daneri-Navarro A, Del Toro-Arreola S, BravoCuellar A, Cabrera N, Orbach-Arbouys S, PerezMontfort R. Proteolytic activity in extracts of
invasive cervical carcinoma and precursor lesions. Biomed Pharmacother 1995; 49: 304310.
Daneri-Navarro A, Macias-Lopez G, OcegueraVillanueva A, Del Toro-Arreola S, Bravo-Cuellar

5592

[14]
[15]

[16]

[17]

[18]

[19]

A, Perez-Montfort R, Orbach-Arbouys S. Urokinase-type plasminogen activator and plasminogen activator inhibitors (PAI-1 and PAI-2) in
extracts of invasive cervical carcinoma and
precursor lesions. Eur J Cancer 1998; 34: 566569.
Tanabe LM, List K. The role of Type II transmembrane serine protease mediated signaling
in cancer. FEBS J 2016; [Epub ahead of print].
Nyberg P, Ylipalosaari M, Sorsa T, Salo T. Trypsins and their role in carcinoma growth. Exp
Cell Res 2006; 312: 1219-1228.
Hotakainen K, Bjartell A, Sankila A, Jarvinen R,
Paju A, Rintala E, Haglund C, Stenman UH. Differential expression of trypsinogen and tumorassociated trypsin inhibitor (TATI) in bladder
cancer. Int J Oncol 2006; 28: 95-101.
Paju A, Vartiainen J, Haglund C, Itkonen O, von
Boguslawski K, Leminen A, Wahlstrom T, Stenman UH. Expression of trypsinogen-1, trypsinogen-2, and tumor-associated trypsin inhibitor
in ovarian cancer: prognostic study on tissue
and serum. Clin Cancer Res 2004; 10: 47614768.
Sanchez-Hernandez PE, Ramirez-Duenas MG,
Albarran-Somoza B, Garcia-Iglesias T, del ToroArreola A, Franco-Topete R, Daneri-Navarro A.
Protease-activated receptor-2 (PAR-2) in cervical cancer proliferation. Gynecol Oncol 2008;
108: 19-26.
Kruger NJ. The Bradford method for protein
quantitation. Methods Mol Biol 1994; 32:
9-15.
Han XX, Xie Y, Zhao B, Ozaki Y. Highly sensitive
protein concentration assay over a wide range
via surface-enhanced Raman scattering of
Coomassie brilliant blue. Anal Chem 2010; 82:
4325-4328.
Ikeda O, Egami H, Ishiko T, Ishikawa S, Kamohara H, Hidaka H, Mita S, Ogawa M. Expression
of proteinase-activated receptor-2 in human
pancreatic cancer: a possible relation to cancer invasion and induction of fibrosis. Int J Oncol 2003; 22: 295-300.
Sekine I, Nokihara H, Yamamoto N, Kunitoh H,
Ohe Y, Saijo N, Tamura T. Common arm analysis: one approach to develop the basis for global standardization in clinical trials of non-small
cell lung cancer. Lung Cancer 2006; 53: 157164.
DeClerck YA, Mercurio AM, Stack MS, Chapman HA, Zutter MM, Muschel RJ, Raz A, Matrisian LM, Sloane BF, Noel A, Hendrix MJ, Coussens L, Padarathsingh M. Proteases, extracellular matrix, and cancer: a workshop of the
path B study section. Am J Pathol 2004; 164:
1131-1139.
Soreide K, Janssen EA, Korner H, Baak JP.
Trypsin in colorectal cancer: molecular biologi-

Int J Clin Exp Pathol 2017;10(5):5587-5593

Trypsin in cervical cancer
cal mechanisms of proliferation, invasion, and
metastasis. J Pathol 2006; 209: 147-156.
[20] Park YS, Jin MY, Kim YJ, Yook JH, Kim BS, Jang
SJ. The global histone modification pattern correlates with cancer recurrence and overall survival in gastric adenocarcinoma. Ann Surg Oncol 2008; 15: 1968-1976.
[21] Sheu BC, Lien HC, Ho HN, Lin HH, Chow SN,
Huang SC, Hsu SM. Increased expression and
activation of gelatinolytic matrix metalloproteinases is associated with the progression
and recurrence of human cervical cancer. Cancer Res 2003; 63: 6537-6542.
[22] Fernandes T, de Angelo-Andrade LA, Morais
SS, Pinto GA, Chagas CA, Maria-Engler SS, Zeferino LC. Stromal cells play a role in cervical
cancer progression mediated by MMP-2 protein. Eur J Gynaecol Oncol 2008; 29: 341-344.

5593

[23] Bar-Shavit R, Maoz M, Kancharla A, Jaber M,
Agranovich D, Grisaru-Granovsky S, Uziely B.
Protease-activated receptors (PARs) in cancer:
novel biased signaling and targets for therapy.
Methods Cell Biol 2016; 132: 341-358.
[24] Boussios S, Seraj E, Zarkavelis G, Petrakis D,
Kollas A, Kafantari A, Assi A, Tatsi K, Pavlidis N,
Pentheroudakis G. Management of patients
with recurrent/advanced cervical cancer beyond first line platinum regimens: where do we
stand? A literature review. Crit Rev Oncol Hematol 2016; 108: 164-174.

Int J Clin Exp Pathol 2017;10(5):5587-5593

