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Abstract

Introduction: Despite recent diagnostic and therapeutic improvements, pancreas cancer remains one of the highly lethal
cancers. The extracellular matrix (ECM) is a physiological barrier that limits the spread of cancer cells into surrounding tissues
and distant organs. Disintegrin and metalloprotease with thrombospondin motifs (ADAMTS) is a family of 19 proteases, which
is involved in various biological processes such as ECM remodelling and anti-angiogenesis.

Aim: To investigate the expression of ADAMTS1, 8, 9, and 18 proteinases in pancreas adenocarcinoma and its nodal metastasis.

Material and methods: The immunostaining status of ADAMTS1, 8, 9, and 18 were investigated in formalin-fixed paraf-
fin-embedded samples of 25 patients who underwent pancreaticoduodenectomy for an adenocarcinoma located at the head

of the pancreas.

Results: In semi-quantitive grading pathologically, ADAMTS1, 8, 9, and 18 were found to be highly stained in all cancerous
pancreas samples compared with normal pancreas. In addition, the immune positivity of ADAMTS1, 9, and 18 was found to
be higher in metastatic lymph nodes than in non-metastatic lymph tissue. Tumour size was correlated with ADAMTS9 and 18

expressions in cancerous pancreas.

Conclusions: According to the data obtained from the study, we suggest that these four ADAMTSs may have significant roles
in the tumorigenesis and nodal spread of pancreas adenocarcinoma.

Introduction

Pancreas cancer is one of the most lethal malig-
nancies in the world [1]. Unfortunately, only 15-20%
of the patients are suitable for surgery at the time of
diagnosis, due to nonspecific symptoms and signs [2].
Current treatment modalities including surgery and ra-
diochemotherapy have limited effectiveness, and hence
surveys of the patients are quite poor with a ratio of
5% in metastatic disease and 20% in localised disease
[3]. Therefore, development of alternative and effective
therapeutic approaches is a necessity. In this context,
the genetic or molecular basis of cancer has become
one of the promising foci in recent studies.
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As is well known, extracellular matrix (ECM) pro-
vides mechanical support to the cells and plays crucial
roles in many physiological processes such as embryo-
genesis, cell migration, interaction between cells, hae-
mostasis, wound repair, and apoptosis [4, 5]. Structur-
al and functional disorders of the ECM may result in
pathological conditions such as cancer. The ADAMTS
family, as a relatively new group of ECM proteases, is
involved in carcinogenesis and metastasis [6, 7]. Among
all ADAMTSs, ADAMTS1, 8, 9, and 18 are known as ag-
grecanases. Additionally, ADAMTS1, 8, and 9 have inhib-
itory roles in angiogenesis, which is an essential step in
tumuoral proliferation [7, 8]. ADAMTS18 is also consid-
ered as a tumour suppressor gene.
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There are few reports on the expression of ADAMTSs
in pancreas cancer.

Aim
We aimed to determine the expression status of

ADAMTS], 8, 9, and 18 in pancreas adenocarcinoma, by
using immunohistochemistry.

Material and methods

Patients and paraffin-embedded
preparates

Twenty-five patients (13 males and 12 females) who
underwent surgery for pancreatic ductal adenocarcino-
ma in the Department of General Surgery, Turgut Ozal
University, Ankara, Turkey were included in this study.
Resectability criteria of the tumours were as follows: no
arterial (celiac axis, superior mesenteric artery, or com-
mon hepatic artery) and/or venous (superior mesenteric
vein or portal vein) tumour contact. Curative pancrea-
ticoduodenectomy (Whipple procedure) was performed
in all cases. Of 25 patients, one had stage 2 tumour
and 24 had stage 3 tumour, according to the current
TNM classification (American Joint Committee on Can-
cer, 2010). Immunohistochemical analysis of ADAMTS],
ADAMTS8, ADAMTS9, and ADAMTS18 was performed
by using paraffin-embedded samples of the cases. Pa-
tients’ noncancerous pancreatic tissues and non-met-
astatic lymph node tissues were used as control. The
immunohistochemistry was evaluated by at least two
trained pathologists. Written informed consent was ob-
tained from all patients, and the study protocol was ap-
proved by the Medical Ethics Committee of Turgut Ozal
University, Faculty of Medicine, Turkey (Permit Number,
date: 99950669/176, 21/03/2014).

Immunohistochemistry

All experimental steps were performed in accord-
ance to the protocols recommended for the anti-human
ADAMTS1, 8, 9, and 18 polyclonal antibodies (Abcam).
After being deparaffinised at 65°C in a heat chamber

Table I. Immunoreactivity scoring system (IRS)* [A]

Percentage of positive cells Staining intensity

and rehydrated, sections were subjected to epitope
retrieval in 10x EDTA buffer (pH 8.0) at 110°C for
30 min. Subsequently, the sections were exposed to 3%
H,0, for 20 min to bleach endogenous peroxidases and
were rinsed three times with phosphate-buffered saline
(PBS) for 10 min. Sections were respectively incubat-
ed with a rabbit anti-human ADAMTSs (all 1 : 250 in
BSA) for 1 h at 37°C, washed three times in PBS, and
incubated in a biotinylated goat secondary anti-mouse
polyclonal antibody for 15 min at 37°C. Following being
washed in PBS, the tissues were visualised with 3,3'-di-
aminobenzidine tetrahydrochloride (DAB chromogen,
Abcam) and counterstained with haematoxylin. Finally,
the sections were dehydrated in graded ethanol, im-
mersed in xylene, and coverslipped. All images were ac-
quired using a 40x objective and an microscope (Leica).

Evaluation and scoring of staining

Immunoreactivities of ADAMTS1, 8, 9, and 18 in
all samples were evaluated using a well-established
immunoreactivity scoring system (IRS) that takes into
account both the percentage of positive cells and stain-
ing intensity [9]. All tissues were scored between 0 (no
staining) and 12 (maximum staining) according to IRS
(Table I). All ADAMTS expressions were scored by two
pathologists blinded to clinical details for each case.
In addition to intensity of staining, intra/extracellular
distribution of staining (cytoplasm, nucleus, and sur-
rounding stroma) was also evaluated. All the statistical
analyses between immunostaining status of ADAMTSs
and the clinicopathological parameters were performed
by using the mean IRSs of ADAMTSs in cancerous and
healthy tissues.

Statistical analysis

All data were statistically analysed by using the sta-
tistical package for social sciences (SPSS 21.0 software,
IL-Chicago, USA). Results of descriptive analysis were
expressed as the mean + SD and/or number (percent-
age) for variables. The expression profiles (immuno-

IRS score IRS classification

No positive cell (0) No reaction (0)

Negative (0-1) Negative (0)

< 10% positive cells (1) Mild reaction (1)

Mild (2-3) Positive, weak exp. (1)

10-50% positive cells (2) Moderate reaction (2)

Moderate (4-8) Positive, intermediate exp. (2)

51-80% positive cells (3) Strong reaction (3)

Strong (9-12) Positive, strong exp. (3)

> 80% positive cells (4)

*IRS score — percentage of positive cells x staining intensity, exp — expression.
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Table II. Patient demographics and tumour

characteristics (N = 25)

Parameters Results
Age [years] 58 to 79 years, mean: 67 +6.56
Gender:

Male 13 (52%)

Female 12 (48%)

Localisation of tumour

Head of pancreas (25, 100%)

Type of surgery

Whipple procedure (25, 100%)

Histopathology

Adenocarcinoma (25, 100%)

Tumour size [mm]

15 to 36 (mean: 28.68 +4.68)

Number of totally lymph node

20 to 75 (mean: 38.52 +19.96)

Number of metastatic lymph
node

0to 9 (mean: 4.96 +2.01)

Tumour stage

Stage 2 (1, 4%), Stage 3 (96%)

Tumour differentiation grade:

Well-differentiated 9 (36%)
Moderate-differentiated 16 (64%)
Venous invasion positivity 12 (48%)
Lymphatic invasion positivity 24 (96%)

Perineurial invasion positivity

25 (100%)

Age, tumour size, number of totally lymph node, and number of metastatic
lymph node were presented as mean + SD (range); other variables were
presented as n (%).

reactivity scores) of ADAMTS], 8, 9, and 18 between
cancerous and non-cancerous tissues, and the relation-
ship between ADAMTSI, 8, 9, and 18 immunostaining
status and the pathological features of the tumour were
assessed by using Pearson y?, Fisher’s Exact Test, and
Spearman’s correlation test. The significance level was
accepted as p < 0.05.

Results

Demographic data of the patients and tumour char-
acteristics are summarised in Table Il. Complications
related to surgery were observed in 6 (24%) patients
(3 with wound infection, 2 with pancreatic fistula from
pancreaticoenterostomy, and 1 with intra-abdominal
haemorrhage). No patient died within the postop-
erative period of 1 month. Neoadjuvant therapy was
not given to any patient; however, 20 of 25 patients
received adjuvant chemoradiation (5-fluorouracil or
gemcitabine-based chemoradiation). Five patients did
not receive any adjuvant therapy due to the poor health
status. All patients were followed-up regularly. The me-
dian overall survival was 22 months (8-43), and only
4 (16%) patients survived over 3 years after surgery.

It was clearly revealed that pancreas adenocarcino-
ma expressed ADAMTS1, 8, 9, and 18 in all samples,
with different IRS scores. The mean IRS scores of four
ADAMTS proteins in cancerous and non-cancerous tis-
sues are presented in Table III.

ADAMTS1 staining was observed in the cytoplasm
and surrounding stromal tissues of the cancer cells, and
it was statistically increased in the cancerous exocrine
pancreas tissue compared with exocrine areas of nor-
mal pancreas tissue (p < 0.001). In addition, ADAMTS1
immunostaining was higher in the metastatic lymph
node compared with healthy lymph node (p < 0.001)
(Figure 1). The expression of ADAMTS1 in pancreatic
cancerous tissue was found to be inversely correlated
with vascular invasion (rh0 = -0.413, p = 0.040). How-
ever, no relationship was found between the expression
of ADAMTS1 in the cancerous pancreatic tissue or met-
astatic lymph node and the other clinicopathological
characteristics (p > 0.05).

Immunohistochemical staining revealed that cy-
toplasmic expression of ADAMTS8 was higher in the
cancerous exocrine pancreas tissue than in normal
exocrine pancreas tissue (p < 0.001). Contrary to the

Table Ill. Mean IRS scores of ADAMTS1, 8, 9, and 18 in cancerous and non-cancerous tissues

Variable ADAMTS1 ADAMTSS8 ADAMTS9 ADAMTS18
IRS P-value IRS P-value IRS P-value IRS P-value
NCPT 132 1.4 < 0.001 0.56 +0.8 < 0.001 0.7 +0.8 < 0.001 1+0.9 < 0.001
(0-6) (0-3) (0-3) (0-3)
CPT 5.68 +2.8 3.1+1.5 5.24 +2.2 6.5+3.4
(2-12) (1-6) (2-9) (2-12)
NMLN 0.84 +0.8 < 0.001 1.6 +1.5 0.500 0.36 +0.7 < 0.001 0.92 +1.0 < 0.001
(0-3) (0-6) (0-2) (0-3)
MLN 54 +33 2.3 +1.7 5+2.4 6.28 +2.9
(0-12) (0-8) (2-9) (2-12)

IRS scores are presented as mean + SD (minimum-maximum). NCPT — non-cancerous pancreatic tissue, CPT — cancerous pancreatic tissue, NMLN — non-

metastatic lymph node, MLN — metastatic lymph node.
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other three ADAMTSs, immune-positivity of ADAMTS8
in the metastatic lymph node was not significantly dif-
ferent in comparison to healthy lymph node tissue (p =
0.500) (Figure 2). Similarly to ADAMTS1, there were no
significant differences between ADAMTS8 expression in
cancerous pancreatic tissue and the clinicopathological
features (p > 0.05).

Higher cytoplasmic expression of ADAMTS9 in can-
cerous pancreas tissues (p < 0.001) and metastatic
lymph nodes (p < 0.001) than in normal pancreas and
lymph node tissues were found (Figure 3). ADAMTS9
expression in cancerous pancreas showed positive cor-
relation with tumour size (rh0 = 0.610, p < 0.001); how-
ever, no relationship was found in terms of the other
clinicopathological parameters (p > 0.05).

Finally, The immunostaining status of ADAMTS18
was statistically evaluated. Similar to other three
ADAMTSs, ADAMTS18 clearly showed higher staining in
cancerous pancreas (both in cytoplasm and nucleus of
the cancer cells) compared with normal pancreatic tis-
sue (p < 0.001). The immunostaining level of ADAMTS18

Non-cancerous tissue

Pancreas

Lymph node

was also higher in metastatic lymph nodes in compar-
ison to healthy lymph nodes (p < 0.001) (Figure 4). In
addition, ADAMTS18 expression in cancerous pancre-
as showed positive correlation with tumour size (rhO
= 0.545, p < 0.001), similar to ADAMTS9. However, no
relationship was found between ADAMTS18 expression
both in cancerous pancreatic tissue/metastatic lymph
node and the other clinical and pathological character-
istics (p > 0.05).

Discussion

It is well known that destruction of ECM is the first
essential step in the progression of cancer [10]. In this
respect, it has been suggested that ADAMTS protein-
ases play important roles in cancer invasion and me-
tastasis [11]. To date, several ADAMTSs have been
implicated in various benign and malignant diseases
[12-17]. Among those, ADAMTS1 is the most investi-
gated member of this protease family, and was identi-
fied as an epigenetically deregulated gene in colorectal
tumorigenesis [18]. However, there are limited data

Cancerous tissue

Figure 1. Immunohistochemical illustrations of pancreas and lymph node tissues of ADAMTS1. Arrows show
positive staining areas, streptavidine-peroxidase. Scale bar = 25 um

Gastroenterology Review 2017; 12 (4)
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on the relationship between ADAMTS proteases and
pancreas carcinoma in the literature. In this study, we
demonstrated the high expression status of ADAMTS],
8,9, and 18 in pancreas cancer immunohistochemically.

In the literature, there is only one study on expres-
sion of ADAMTS1 and 8 in pancreatic cancers [19]. In
that study, the authors examined ADAMTS1-8 m RNA
expression in six pancreatic cell lines, and found in-
creased ADAMTS1 expression together with very low
levels of ADAMTS8 both in cancerous and non-cancer-
ous pancreatic tissues. In accordance, we found that
ADAMTS1 was expressed a little more than ADAMTS8
in cancerous pancreas and metastatic lymph nodes.
The authors also showed that the expression level of
ADAMTS1 was lower in pancreas cancer than in
non-cancerous tissue. However, as one of the impor-
tant results of that study, patients with higher levels of
ADAMTS1 had worse survival rates than those with low
level of ADAMTS1 due to severe lymph node metastasis
and retroperitoneal invasion. This prometastatic prop-
erty of ADAMTS1 is probably based on its role in deg-

Non-cancerous tissue

Pancreas

Lymph node

Ry ATy L8 b

radation of ECM via cleaving some substrates such as
syndecan-1 and glypican-1. These cell surface proteo-
glycans, members of the heparan sulphate proteoglycan
family in the ECM, were identified to be overexpressed
in pancreatic cancers [20, 21]. In our study, ADAMTS1
immunoreactivity was higher in pancreatic tumour cells
compared with non-cancerous pancreatic tissue. Addi-
tionally, nuclear positivity of ADAMTS1 in non-meta-
static lymph node was lower than in metastatic lymph
node, and there was a negative correlation between
ADAMTS1 expression in cancerous pancreas and vascu-
lar invasion of the tumour. All those findings suggested
the potential anti-metastatic property of ADAMTS1 in
pancreas cancer. There was also no relationship be-
tween ADAMTS1 expression and tumour size. In our
opinion, these findings show that pancreas cancer cells
abundantly express ADAMTS1, and this protease may
have a suppressor role in the lymphatic spread, due
to its anti-angiogenic effects. Interestingly, in a study
by Liu et al. [22], the overexpression of full-length
ADAMTS1 was found to promote tumour growth or me-

Cancerous tissue

3 b L - 2 g

Figure 2. Immunohistochemical illustrations of pancreas and lymph node tissues of ADAMTSS. Arrows show
positive staining areas, streptavidine-peroxidase. Scale bar = 10 ym

Gastroenterology Review 2017; 12 (4)
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tastasis; however, the ADAMTS1 fragments were shown
to display antimetastatic activity.

Generally, ADAMTSS8 is less expressed in cancerous
tissues compared with ADAMTS1. This protease was
shown to be down-regulated in various types of cancer,
including breast, brain, and non-small cell lung cancers
[23-26]. Porter et al. [24] found that high expression
levels of ADAMTSS8 together with low expression lev-
els of ADAMTS15 were associated with poor prognosis
in breast cancer. In another study, the expression of
ADAMTSS8 was found to be down-regulated in brain tu-
mours [24]. Contrary to the study by Masui et al. [19],
we found that positive immunostaining of ADAMTSS in
pancreatic cancerous tissue was higher than in adjacent
normal pancreas in all paraffin samples. Although there
was no significant difference between the staining lev-
els of healthy and metastatic lymph tissues. ADAMTSS8
was also not associated with tumour size or other
pathological features. These data suggest that pancre-
atic cancer cells produce a large amount of ADAMTSS,
and ADAMTS8 may have an inhibiting role in lymphat-

Non-cancerous tissue

Pancreas

Lymph node

ic metastasis, consistent with its angio-inhibitory pro-
perty.

The third one, ADAMTS9, was identified as a tumour
suppressive gene in several malignancies including na-
sopharyngeal and oesophageal cancers [27]. It is also
a new member of anti-angiogenic ADAMTS family [7].
Additionally, in a study by Kleivi et al. [28], ADAMTS9
was found to be down-regulated in hepatic metastasis
of colorectal cancers. In another study, expression of
ADAMTS9 was investigated in three types of cancer in-
cluding gastric, colorectal, and pancreatic cancers by us-
ing high-resolution melting analysis. The authors found
that the frequency of ADAMTS9 methylation in those
malignancies was significantly higher compared with
noncancerous tissues [29]. In our study, higher cytoplas-
mic expression of ADAMTS9 was observed in cancer-
ous pancreas tissues and metastatic lymph nodes than
in normal pancreas and lymph node tissues. However,
similar to other ADAMTSs, the expression of ADAMTS9
was not found to be associated with the clinicopatho-
logical characteristics.

Cancerous tissue

positive staining areas, streptavidine-peroxidase. Scale bar = 25 pm

Gastroenterology Review 2017; 12 (4)
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Finally, the immunostaining status of ADAMTS18
was analysed in the present study. Normally, ADAMTS18
is expressed by endothelial cells in various organs such
as brain, prostate, oesophagus, stomach, colon, and
pancreas. ADAMTS18 is accepted as an aggrecanese
[7], but this property is rather low and manifests itself
at high concentrations of ADAMTS18 [30]. The other
important function of ADAMTS18 is the maintenance
of homeostasis via activation of platelet aggregation.
This property is considered to be associated with in-
hibition of metastasis, probably through disruption of
tumour emboli [6, 31]. The tumour suppressive effect of
ADAMTS18 has also been shown in a recent study [32].
In addition, ADAMTS18 expression was determined to
be reduced or totally silenced in multiple carcinoma cell
lines [32]. The mutation and deletion of ADAMTS-18
gene in various tumours such as melanoma, colorectal
cancer, and breast cancer were also reported [33-35].
However, there is limited data on the association be-
tween ADAMTS18 and pancreas adenocarcinoma. In
a study, the frequency of ADAMTS18 methylation in

Non-cancerous tissue

Pancreas

Lymph node

pancreatic cancer was found to be significantly high-
er compared with adjacent noncancerous tissue. The
authors also showed that ADAMTS-18 expression level
was inversely correlated with methylation status, and
there was no evidence between ADAMTS-18 methyl-
ation status and TNM staging of cancer [36]. In our
study, ADAMTS18 was found to be highly expressed
in tumoural tissue and metastatic lymph nodes com-
pared with the noncancerous pancreatic and lymphatic
tissues. However, ADAMTS18 expression level was not
found to be correlated with the number of metastatic
lymph nodes and the pathological features of the tu-
mour including tumour size, grade, and venous, lym-
phatic, and perineurial invasions. In our opinion, strong
staining status of ADAMTS18 in cancerous tissues may
indicate its potential role in carcinogenesis, local inva-
sion, and lymphatic spread of tumour cells. It should
be also stated here that, to our knowledge, this is the
first study regarding the immunohistochemical analysis
of ADAMTS9 and ADAMTS18 in pancreas adenocarci-
noma.

Cancerous tissue

fees B g0
s Y ,3“% -
AR L

. \f;'%

Figure 4. Immunohistochemical illustrations of pancreas and lymph node tissues of ADAMTS18. Arrows
show positive staining areas, streptavidine-peroxidase. Scale bar = 25 um
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Conclusions

ADAMTS]I, 8, 9, and 18 have high expression levels
in pancreas cancer and its nodal metastasis, suggesting
their important roles in carcinogenesis and lymphatic
metastasis. In addition, these findings may indicate that
these proteases may be promising candidates for alter-
native treatment modalities in pancreas cancer. However,
the results of the present study should be confirmed by
large-scale studies using different experimental methods.
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