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Abstract

Background: Serine protease inhibitor kazal type 1 (SPINK1) was highly expressed in many cancer types and in colon,
SPINK1 was involved in inflammation-induced colon cancer, proliferation and carcinogenesis. In this study, SPINK1 protein
expression in colorectal cancer specimens was evaluated and correlated its expression with clinicopathological variables.

Material and methods: Formalin-fixed paraffin embedded tissue sections from 87 colorectal cancer specimens were

stained with SPINK1 antibody using immunohistochemistry technique. Expression of SPINK1 was then analysed to evaluate its
association with clinicopathological variables.

Results: High SPINK1 protein expression was detected in 75 (86.2%) of CRC specimens and was significantly associated with
lymph-vascular invasion (p < 0.001), and lymph node metastasis (p = 0.005), and advanced clinical stage (p= 0.003).
Conclusion: High SPINK1 protein expression is associated with lymph-vascular invasion and lymph node metastasis in
colorectal cancer suggesting its role in invasion and metastases.
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Background

Colorectal cancer (CRC) is a common malignant
neoplasm, it is considered the third cancer
worldwide after lung and breast cancers®. In 2012,
1.4 million cases of CRC were diagnosed, and

694.000 deaths due to CRC were observed ®.The
relative frequency of CRC in Egypt is about 9-12%
@ In the most recent decade, the survival of patients
with metastatic CRC has enhanced significantly due
to the appearance of new medications and target
treatments e.g: bevacizumab, cetuximab and
panitumab @,

bevacizumab, cetuximab and panitumab ©. The
serine protease inhibitor Kazal typel (SPINK1) is a
synonym of the tumour-associated trypsin inhibitor
(TATI) that was first detected in urine of ovarian
cancer patients

®_ Huhtala and his colleagues showed that
TATIfound in urine of ovarian cancer patients was
identical to the human pancreatic trypsin inhibitor®.
The serine protease inhibitor Kazal typel (SPINK1)
was at first segregated from bovine pancreas by
Kazal and his colleagues in 1948 and was therefore
called Kazal inhibitor®.

SPINK1 inhibits trypsin that prevents

premature activation of trypsinogen in

pancreatic acini and thus reduces

tissue damage . A

structural similarity has been found between
SPINK1 and epidermal growth factor (EGF), and on
the basis of these findings it has been proposed that
SPINK1 act as a growth factor ®. Normally,
SPINK1 is expressed by liver, pancreas, colon and
other gastrointestinal organs ©.
In cancer, increased expression of SPINK1 was
detected in cancers of ovary, prostate, breast
All patients diagnosed as primary colorectal
adenocarcinoma within the period (2011-2013) and
treated primary by surgery without prior neoadjuvant
therapy with available FFPE blocks and
clinicopathological data were included in this study.
Recurrent colorectal adenocarcinoma, patients
received neoadjuvant therapy prior to their surgery,
and cases with unavailable tissue blocks orbladder,
and GI tumors “*¥_ SPINK1  expressionclinical

data were  excluded.All

availablehas been associated with decreased
survival in many types of cancers. Elevated serum
SPINK1 was a strong prognostic marker superior to
CA125 in ovarian cancer ®. Moreover, serum
expression of SPINK1 in renal cell carcinoma was
an independent prognostic factor “®.In colorectal
cancer, increased SPINKZ1 expression in tumour
tissue was associated with bad prognosis “?.
However, Koskensalo, Louhimo, Hagstrom, Lundin,
Stenman and Haglund (17) found that high
expression of SPINK1 was associated with better
prognosis. Hence the prognostic significance of
tissue expression of SPINK1 in colorectal cancer
remains controversial.
This study aims to assess the expression of SPINK1
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protein in colorectal adenocarcinoma tissue and
analyse the association between SPINK1 expression
and different clinicopathological parameters.

Material and methods:

Study cohort:

This retrospective study included 87 formalin
fixed paraffin embedded (FFPE) tissue specimens
of colorectal adenocarcinoma that were retrieved
from the archives of Pathology Department, South
Egypt Cancer Institute (SECI) within the period
from January 2011 to December 2013 after the
approval of International Registry of Board (IRB) .

clinicopathological data of the patients included
in the study were collected from the database
system and patients’ paper sheets.

Immunohistochemistry:

Formalin-fixed, paraffin-embedded tissue
sections were cut into 3-micron thickness and
mounted on positively charged coated glass
slides.  Sections were deparaffinized and
rehydrated through graded alcohols to distilled
water. For antigen retrieval slides were incubated
in (Tris EDTA) in a heated water bath at 90 for 45
minutes. Primary rabbit polyclonal anti- Human
SPINK1, antibody (Catalog #213542, US
Biological Life sciences, USA) at 1/200
concentration (optimum dilution) was applied for
tissue sections and incubated for 30 minutes at
room temperature in a humid chamber. After
washing, immunostaining was performed using a
universal staining kit “UltraVision Detection
System Anti-Polyvalent, HRP/DAB (Ready-
To-Use)” (LAB VISIONCcorporation,
catalogue # TP-015-HD, Fremont, California
94539-6406, USA) following the manufacturer’s
instructions. Finally, (DAB solution) was applied
to the slides for 5- 10 minutes.

Mayer’s haematoxylin, was used as a counter
stain. Sections from normal pancreatic tissue were
used as positive control. As a negative control, we
used sections of tissue specific positive control
andstained using the same protocol but with
omitting the primary antibody.

SPINK1 assessment:

SPINK1 protein was expressed in the
cytoplasm. The immunostained slides were
examined by two pathologists blinded to the
clinicopathological data and SPINK1 was scored
according to previous literatures ®* as follow: 0
(0%), 1(1-10%), 2 (11-50%), and 3 (>50%).
SPINK1 expression was considered high when
positivity was >50%, and low when positivity
<50% ®.

Statistical analysis:

All statistics were performed using statistical
package for Social Sciences (SPSS version 21).
The association between SPINK1 protein



expression and clinicopathological variables was
evaluated using chi-square test (as categorical data).

Statistical significance defines as p < 0.05.

Results

Pattern of SPINK1 expression:
Immunostaining results showed that SPINK1
expression was high (positive in more than 50% of
cells) in 75 (86.2%) of specimens, while 12
(13.8%) of specimens showed low SPINK1
expression (positive in less than 50% of cells).
(Figure 1&2).
Association between SPINK1 protein
expression and clinicopathologic
variables:
Table 1 showed the distribution of
SPINK1 expression in relation to
patients’ and tumor characteristics.
High SPINK1 expression was

significantly associated with lymph-vascular
invasion (p < 0.001), lymph node metastasis (p =
0.005), and advanced clinical stage (p = 0.003).
Although, high SPINK1 protein expression was
detected in 24/30 (80%), 42/48 (78%), and 9/9
(100%) of cases of grade I, grade Il, and grade I11
respectively, but it was not reach statistical
significance. Also, SPINK1 expression was not
statistically significantly associated with age,
gender, tumor size, tumor site, histologic type,
perineural invasion, pathological tumour stage
and distant metastasis.

Discussion

SPINKT1 is a serine protease inhibitor secreted
by pancreatic cells that prevent premature
activation of trypsinogen within pancreatic cells
and prevent their autodigestion . In many cancer
types, high SPINK1 expression was associated
with poor prognosis ©. Studies done on CRC
showed an association between SPINK1
expression and tumour size and metastasis ‘%,
and experiments conducted using colon cancer
cell lines  revealed that overexpression of
SPINK1 induced invasion, angiogenesis and
metastases @),

This study cohort revealed that SPINK1
overexpression was associated with lymph-
vascular invasion and distant metastasis. These
findings go in agreement with a study done by
Gaber and his colleagues which revealed that high
SPINK1 expression was associated with distant
metastases to liver “%. Moreover, using a mouse
model, overexpression of SPINK1 in HT29 colon
cancer cell lines induces lung metastasis 2.
Association of SPINK1 with distant metastasis
not only observed in colorectal cancer but also in
many cancer types. In a recent study, increased
serum concentration of SPINK1 was detected in
patients with metastatic breast cancer 2. In
addition,functional studies revealed that SPINK1
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stimulates invasion in a prostate cancer cell line
@Y Furthermore, in bladder cancer, Marchbank
et. al. 2013 found that SPINK1 stimulates the
migration and invasion in bladder cancer cell
lines®. The data of previous studies as well as
ours suggest that SPINK1 may be involved in
metastatic process.

Additional evidences showed that SPINK1
may enhance cancer invasion and metastatses and
giving explanations of its mechanism of action “*
19 One plausible explanation was given by an
earlier study done by Scheving and his colleagues
1983, who found a structural similarity between
SPINK1 and epidermal growth factor (EGF), and
based on this finding SPINK1 was supposed to act
as a growth factor. Later on, recent studies revealed
that SPINK1 exert its action through epidermal
growth factor receptors (EGFR). Using human
pancreatic cancer cell lines Ozaki et. al. 2009 found
that SPINK1 binds to EGFR inducing its
phosphorylation and subsequent activation of
mitogen-activated protein kinase (MAPK) pathway
@3 Moreover, induction of recombinant SPINK1 in
benign immortalized prostate cell line induces
invasiveness while SPINK1 was not able to restore
invasiveness in EGFR-knockdown prostate cancer
cell line “® These data supported that the
oncogenic effect of SPINK1 was exerted through
EGFR. Another plausible explanation is that
SPINK1 down regulation in WiDr colon
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Table 1: Association between SPINK1/TATI and clinicopathologic characters

Variable

All
Age ( years)

<40

Gender

Male

Tumor size

<5cm

Site
Left

side

Histologic type

Adenocarcinoma

Mucinous

Grade
1

2

Lymph-vascular invasion

Negative

Positive

Perineural invasion

Negative

Positive

n

87

16 (18.4%)

71 (81 ROA)

38 (43.7%)

A0 (KA WA

59 (67.8%)

28 (2D 20/)

70 (80.5%)

17 (10 ROA)

81 (93.1%)

5 (5.7%)

30 (34.5%)

48 (55.2%)

32(36.8%)

55 (63.2%)

75 (86.2%)

12 (13.8%)

SPINK1 expression

Low<50%
12(13.8%)

2 (16.7%)

1N(R2 0/~

5 (41.7%)

7 (KRR 0/4)

8 (66.7%)

A (2 04

10(83.3%)

2 (1R 70/A)

12 (100%)

0 (0%)

6 (50%)

6 (50%)

10(83.3%)

2 (16.7%)

11(91.7%)

1(8.3%)

High>50%
75 (86.2%)

14 (18.7%)

R1 (R1 WA

33 (44%)

A2 (RROAN

51 (68%)

24 (20/4)

60 (80%)

18 (2N0A)

69 (92%)

5 (6.7%)

24 (329%)

42 (56%)

22 (29.3%)

53 (70.7%)

64 (85.3%)

11 (14.7%)

P value

0.868

0.880

0.927

0.787

0.597

0.289

<0.001*

0.555



Tumor stage (T)
1
2
3
4
Lymphnode metastasis
Negative

Positive

Metastasis status (M)
No
Yes

Stage
Early stage

Advanced stage

*statistically significant (p<0.05)

3(3.4%)
11(12.6%)
62(71.3%)

11(12.6%)

47(54%)

40(46%)

74 (85.1%)

13 (14.9%)

45 (51.7%)

42 (48.3%)

0 (0%)
4 (33.3%)
7 (58.3%)

1 (8.3%)

11(91.7%)

1 (8.3%)

11(91.7%)

1(8.3%)

11 (91.6%)

1 (8.3%)
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3(4%)
7(9.3%)
55(73.3%)

10(13.3%)

36(48%)

39(52%)

63 (84%)

12 (16%)

34 (45.3%)

41 (54.6%)

0.126

0.005*

0.489

0.003*
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Figure 1: SPINK1 expression in pancreatic acini as a positive control (x10)

Figure 2: TATI/SPINK1 expression (x10)
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High expression in more than 50% of cells in moderately differentiated adenocarcinoma stage 3.
Low/Negative expression in less than 50% of cells in well differentiated adenocarcinoma stage 1.
High expression in signet-ring carcinoma stage 3.

High expression in mucinous carcinoma stage 3.
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