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Abstract. Background/Aim: The aim of this study was to
investigate matrix metalloproteinase 11 (MMPI11) as a
promising biomarker in human pancreatic
Materials and Methods: A consecutive eliminating method
was used to select biomarker candidates in pancreatic
cancer. mRNA and protein expression levels of candidates
were determined in tissues and whole blood samples of
healthy donors and pancreatic cancer patients. The
prognostic value of MMP11 was determined using various
data-sets and Liptak’s Z analysis. Results: Analysis using
Gene Expression Omnibus (GEO) database showed
significantly higher MMP11 mRNA expression in pancreatic
cancer tissues compared to that in various normal tissues.
MMPI11 protein was specifically expressed in pancreatic
cancer tissues, but not in various normal or other cancer
tissues. Secreted MMP11 levels could be measured using
easily accessible techniques and whole blood samples of
pancreatic cancer. In addition, high levels of MMP11 were
associated with poor prognosis of pancreatic cancer
patients. MMPI11 may be a promising
prognostic biomarker for pancreatic cancer patients.

cancer.

Conclusion:

Pancreatic ductal adenocarcinoma, also known as pancreatic
cancer, is one of the most aggressive diseases in the world.
For patients with such cancer, the 5-year survival rate is
below 7% with a median survival of approximately 6 months

*These Authors contributed equally to this work.

Correspondence to: Lee Jungwhoi and Kim Jae Hoon, Department
of Biotechnology, College of Applied Life Science, Jeju National
University, 102 Jejudaehak-ro, Jeju-si, Jeju-do 63243, Republic of
Korea. Tel: +82 647298556, Fax: +82 647563351, e-mail:
sdjd1108 @kaist.ac.kr and kimjh@jejunu.ac kr

Key Words: MMP11, pancreatic cancer, prognosis, biomarker,
whole blood.

(1). Although its prevalence is relatively low, it is the fourth
leading cause of cancer-related death (2). In addition, the
prognosis of pancreatic cancer patients remains unchanged
in spite of significant improvements in overall survival rates
for other cancers (3), which might be the reason why
understanding pancreatic cancer becomes more significant.

One of the major features of pancreatic cancer is its high
resistance to conventional cancer therapies including
chemotherapy and radiation therapy. Another serious feature
of pancreatic cancers is its early distant metastasis and
locally abnormal progression that contribute to the relative
rarity of surgery (4). A fundamental reason for the extremely
poor prognosis may originate from the lack of an effective
biomarker (5).

To date, human serum and plasma markers have been
continuously developed due to their easier accessibility for
sensible testing compared to tissue samples. In the last two
decades, potential biomarkers examined for pancreatic
cancer included CA19-9, DUPAN-2, CAM17.1, TPS,
SPan-1, TAT1, POA, YKL-40, TUM2-PK, and matrix
metalloproteinases (MMPs) (6). CA19-9 is recognized as
the superior marker compared to others. However,
sometimes it has poor sensitivity (41-86%) and specificity
(33-100%) (7). Thus, the search for an effective biomarker
continues for pancreatic cancer.

MMPs are a family of zinc-dependent endopeptidases
that can lead to degradation of extracellular matrix (ECM)
components (8). MMP11 is a member of the MMP family
that plays a critical role in tumor angiogenesis, migration,
survival, and degradation of connective tissues (9). MMP11
has been demonstrated as a critical factor in various
malignant tumors such as lung cancer (10), head and neck
cancer (11), gastric cancer (8), breast cancer (12), and
pancreatic cancer (13) through clinicopathological
approaches. In addition, MMP11 has been evaluated as a
predictive serum based tumor marker in gastric cancer,
breast cancer, colorectal cancer, and lung cancer (14).
Despite continuous reports about cellular events of MMP11
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in various cancers, its underlying function as a soluble
prognostic biomarker in pancreatic cancer remains unclear.

Considering latent actions of MMPI11 in the tumor
microenvironment, functional MMP11 should be examined
as a possible prognostic biomarker for pancreatic cancer. In
the present study, we provide the first evidence indicating
that the levels of soluble MMP11 are higher in whole blood
samples of pancreatic cancer patients compared to those of
healthy donors. In addition, high levels of MMP11 were
associated with poor prognosis in pancreatic cancer. Based
on these results, we conclude that MMP11 is a promising
prognostic biomarker for pancreatic cancer.

Materials and Methods

Selection of biomarker candidates. To select a candidate gene as
pancreatic cancer biomarker, a total of 18,430 genes were sorted
from nine data-sets of Gene Expression Omnibus (GEO) public
microarray database as previously described (15). Selected genes
that were significantly up-regulated in pancreatic cancer compared
to those of normal pancreas were consecutively eliminated to
identify a promising candidate as pancreatic cancer biomarker using
The Human Protein Atlas database as described previously (16).

Gene expression analysis. Microarray expression profiles were
obtained from Gene Expression Omnibus (GEO) and ArrayExpress
(AE) public microarray database. Data-sets for pancreatic cancer
included GSE19650, GSE39409, GSE42952, GSEI16515,
GSE17891, GSE32676, GSE22780, GSE15471, and E-MEXP-2780.
Those for normal pancreas included GSE19650, GSE16515, E-
MEXP-1140, GSE32676, GSE22780, GSE15471, and GSE43346 in
Oncopression database as described previously (17).

Cell culture and reagents. AsPC-1 (KCLB no. 21682), Capan-1
(KCLB no. 30079), Capan-2 (KCLB no. 30080), Miapaca-2 (KCLB
no. 21420), Panc-1 (KCLB no. 21469), SNU-213 (KCLB no.
00213), and Detroit 551 (KCLB no. 10110) cells were obtained
from the Korean Cell Line Bank (Seoul, Republic of Korea).
CFPAC-1 (cat. no. CRL-1918) was purchased from American Type
Culture Collection (ATCC, Manassas, VA, USA). The cells were
grown in DMEM (cat. no. 12491-015, Gibco-BRL, Gaithersburg,
MD, USA, for Panc-1, Miapaca-2, CFPAC-1, and Detroit 551) or
RPMI 1640 (cat. no. 11875-093, Gibco-BRL Gaithersburg, MD,
USA, for AsPC-1, Capan-1, Capan-2, and SNU-213) medium
supplemented with 10% fetal bovine serum (cat. no. 12483-020,
Gibco-BRL, Gaithersburg, MD, USA), 1x105 unit/l penicillin and
100 mg/l streptomycin (cat. no. 15140122, Gibco-BRL,
Gaithersburg, MD, USA) at 37°C in a humidified atmosphere
containing 5% CO, as described previously (18). H6¢7 (cat. no.
ECAO001) was obtained from Kerafast (Boston, MA, USA) and
grown as described previously (19). Under standard culture
conditions, cells retained the typical morphologies of the original
cell line throughout the time period required to perform the
experiments reported in this study.

Tumor tissues array. To determine MMP11 expression levels in

various normal and tumor tissues, human normal tissues blot I (cat.
no. 1521, ProSci, Poway, CA, USA) and human tumor tissues blot
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I (cat. no. 1542, ProSci, Poway, CA, USA) were used according to
the manufacturer’s instructions.

Western blot analysis. To evaluate protein levels of MMPI11 in
various human pancreatic cancer cells and whole blood samples of
pancreatic cancer patients, western blot analysis was performed as
described previously (20). Bands were quantified through
densitometry analysis using ImagelJ software.

Whole blood samples collection. A total of 12 different whole blood
samples from pancreatic cancer patients and 16 different samples
from healthy donors were purchased from Innovative (21) (Novi,
MI, USA).

Enzyme-linked immunosorbent assay (ELISA). To measure soluble
MMP11 in pancreatic cancer patients, whole blood samples were
subjected to sandwich ELISA as described previously (22). Briefly,
96-well plates (cat. no. 32296, SPL, Daejeon, Republic of Korea)
were coated with anti-MMP11 polyclonal antibody (cat. no.
ab119284, Abcam, Cambridge, UK) at 1 ug/ml. Bound soluble
MMP11 was detected using anti-MMP11 monoclonal antibody (cat.
no. sc517445, Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The absorbance was then measured at 450 nm using a microplate
reader (Bio-Rad, Richmond, CA, USA).

Xenograft tumor model. BALB/c nude mice at 6-8 weeks of age
were obtained from Orient (Seongnam, Republic of Korea). AsPC-
1 (1x107) and Panc-1 cells (1x107) were injected subcutaneously
into the right flank as described previously (23). Once the tumor
achieved a size of approximately 300 mm3, blood was drawn from
xenograft models and non-tumor bearing mice. Body weight was
recorded regularly every two days. Animal care and experiments
were carried out in accordance with guidelines approved by Animal
Bioethics Committee of Jeju National University (approval number:
2016-0049).

GSE data-set analysis. Gene expression data (E-MEXP-2780,
GSE21501, GSES57495, GSE71729, GSE84219, PACA-AU_
PancreaticCancer-AU, GSE17891, GSE47368, GSE62452,
GSE79668, PAAD-US_PancreaticCancer-TCGA_US and PAEN-
AU_PancreaticCancerEndocrineneoplasms-AU) with prognosis
information were downloaded from Gene Expression Omnibus,
ArrayExpress, and ICGC data portal. Each probe was converted to
EntrezID. Several probes for the same EntrezID were averaged.
Quantile-quantile normalization was applied to all samples to
remove batch effects. To test the prognostic value of a gene,
samples were divided into two groups using median gene expression
levels as threshold. Log-rank test was then performed using Graph
Prism version 5. Several log-rank p-values from these data-sets were
integrated into a single p-value using Liptak’s weighted z-score
method with square root of sample numbers as weight as described
previously (24).

Statistical analyses. All data are presented as meanzstandard
deviation. Levels of significance for comparisons between two
independent samples were determined by Student’s #-test. Groups
were compared by one-way analysis of variance (ANOVA) with
Tukey’s post-hoc test for significant main effects. SPSS 12.0K for
Windows (SPSS Inc., Chicago, IL, USA) was used for all statistical
analyses.
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Figure 1. A schematic representation of candidate gene selection using
consecutive eliminating method.

Results

Expression of MMP11 in human pancreatic cancer. To select
a biomarker candidate for pancreatic cancer, a consecutive
eliminating method was applied in a total of 18,430 genes
from nine pancreatic cancer data-sets. Then, candidate genes
were further sorted using The Human Protein Atlas database.
A schematic representation of candidate genes selection is
shown in Figure 1. A total of 11 biomarker candidates,
including MMP11 that had the highest selection score were
selected through the consecutive eliminating method.
Expression profiles of MMPI11 in human pancreatic cancer
and various normal tissues were obtained from the
Oncopression database. Pancreatic cancer specifically
expressed higher levels of MMPII mRNA than various
normal tissues, including pancreatic, gastric, renal, adrenal,
oral, whole blood, colon, breast, ovarian, skin, lung, thyroid,
head, muscle, liver, bone, lipid, and prostate samples (Figure
2A). To verify the specific expression of MMP11 in human

pancreatic cancer, MMP11 protein expression levels were
determined in various normal and tumor tissues by western
blotting. MMP11 was specifically expressed in human
pancreatic cancer, but not in various normal tissues (brain,
colon, heart, kidney, liver, lung, pancreas, and spleen) or
tumor tissues (brain, colon, kidney, liver, skin, spleen,
stomach, and lung) (Figure 2B). In addition, MMP11 protein
was highly expressed in seven human pancreatic cancer
cells, but not in normal pancreas epithelial H6c7 cells and
normal fibroblast Detroit-551 cells (Figure 2C). These results
indicated that MMP11 expression is highly elevated in
human pancreatic cancer.

Selection of soluble MMP11 in human pancreatic cancer. We
next explored whether soluble MMP11 could be detected in
whole blood samples. Xenograft models using AsPC-1
(n=4) and Panc-1 (n=4) cells were prepared and sandwich
ELISA was performed to detect soluble MMP11 in whole
blood samples from non-tumor bearing mice, AsPC-1
xenograft model, and Panc-1 xenograft model. Higher levels
of soluble MMP11 were specifically detected in whole blood
samples from AsPC-1 and Panc-1 xenograft models
compared to those from non-tumor bearing mice (n=4)
(Figure 3A). Higher levels of soluble MMP11 could also be
detected using sandwich ELISA in whole blood samples
from pancreatic cancer patients (n=12) compared to those
from healthy donors (n=16) (Figure 3B). Similar results were
obtained by western blot analysis using whole bloods
samples from pancreatic cancer patients and healthy donors
(Figure 3C). These results suggested that soluble MMP11
could be detected in whole blood samples of pancreatic
cancer patients using easy-to-do techniques.

MMPI1 expression in human pancreatic cancer is associated
with prognosis. To determine the involvement of MMP11
expression in the prognosis of pancreatic cancer patients, we
analyzed GEO data-sets including overall survival days
(OS). GSE57495 (low MMP11, MS=960.15 days; high
MMP11, MS=533.30 days), PAAD-US-TCGA (low MMP11,
MS=1332 days; high MMP11, MS=568 days), GSE62452
(low MMP11, MS=1265.33 days; high MMP11, MS=416.7),
and GSE78229 (low MMPI11, MS=1832.6 days; high
MMP11, MS=416.7 days) data-sets revealed that high
expression of MMP11 was significantly associated with
shorter median survival (MS) compared to low expression of
MMP11 in patients with pancreatic cancer (Figure 4A-D). In
addition, the prognostic relevance of MMP11 expression in
pancreatic cancer patients was demonstrated using log-rank
test and its non-parametric version (Figure 4E-H).
Previously, MMP11 has been proposed as a secondary
prognostic biomarker following MMP7 in pancreatic cancer
through Cox proportional hazard modeling (13). To
determine the clinical value of MMP7 expression in
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Figure 2. Expression of matrix metalloproteinase 11 (MMP11) in pancreatic cancer. A: mRNA levels of MMP11 in pancreatic cancer and various normal
tissues were analyzed using the Gene Expression Omnibus (GEO), ArrayExpress (AE), and Oncopression databases (a.u. indicates arbitrary unit using
the UPCs method, p-value was evaluated with Student’s t test). B: Human Normal Tissue Blot I and Human Tumor Tissue Blot [ were used to determine
the expression levels of MMPI1 in various normal and tumor tissues. GAPDH was measured as a control. Data is representative of two individual
experiments. C: MMP11 expression in seven human pancreatic cancer cells, H6c7 cells, and Detroit551 cells was detected by western blot. GAPDH
was measured as a control. Data is representative of three individual experiments.

pancreatic cancer, we analyzed GEO data-sets including
overall survival days (OS). Only one data-set (GSE57495)
revealed that high expression of MMP7 significantly
shortened median survival (MS) compared to that of low
expression of MMP7 in patients with pancreatic cancer
(Figure 5). To further verify the clinical value of MMP11
expression in pancreatic cancer compared to that of MMP7,
we analyzed Liptak’s Z value from ten pancreatic cancer
data-sets (PACA-AU, PAAD-US-TCGA-US, GSES84219,
GSE79668, GSE71729, GSE62425, GSE57495, GSE215,
GSE17891, and E-MEXP-2780). As shown in Table I, both
MMPI11 (Liptak’s Z value: —1.7513) and MMP7 (Liptak’s Z
value: —1.1498) expression was associated with adverse
prognosis of pancreatic cancer patients. However, expression
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of MMP11 (p=0.0399) was just statistically significant by
Liptak’s Z analysis, but not of MMP7 (p=0.1251).
Collectively, our results suggested that soluble MMP11 is
highly expressed in human pancreatic cancer via adducing in
vitro and in vivo evidence. In addition, clinical results
revealed that high levels of MMPI11 expression are
associated with poor prognosis. Thus, MMP11 may be a
promising prognostic biomarker for pancreatic cancer.

Discussion
Due to the deprivation of the opportunity for surgery and the

lack of hope for improvement in prognosis (6), identification
of effective biomarkers for pancreatic cancer is increasingly
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Figure 3. Detection of matrix metalloproteinase 11 (MMP11) using easily applicable techniques and whole blood samples of pancreatic cancer
patients. A: Soluble MMP11 was detected by a sandwich ELISA in whole blood samples from Capan-1 and SNU-213 xenograft models (Normal
means non-tumor bearing nude mice). B: Soluble MMP11 was detected by a sandwich ELISA in whole bloods samples from sixteen healthy donors
(NI- N16) and twelve pancreatic cancer patients (C1-C12). C: Soluble MMP11 was detected by western blot analysis using whole bloods samples
from healthy donors and pancreatic cancer patients. Data is representative of three individual experiments.

Table 1. Prognosis associated with matrix metalloproteinase 11 (MMP11) and MMP7 expression in human pancreatic cancer using Liptak’s Z

analysis.

MMPI11 MMP7
Data-set Z value sqrt (n) Low (n) High (n) Z value sqrt (n) Low (n) High (n)
PACA-AU 0.993978 8.88819 50 29 0.336787 8.88819 52 27
PAAD-US-TCGA 0.523939 11.7473 95 43 0.02528 11.7473 93 45
GSE84219 0.168449 547722 13 17 -1.0022 547722 16 14
GSE79668 —1.79555 7.141428 35 16 0.283781 7.141428 37 14
GSE71729 0.239568 11.090536 51 72 0.523776 11.090536 46 77
GSE62452 0.835607 8.062257 30 35 0.195503 8.062257 22 43
GSE57495 —1.95008 7.93725 27 36 -3.12724 7.93725 19 44
GSE21501 0.833271 10.0995 41 61 0.814344 10.0995 47 55
GSE17891 0.597931 5.196152 16 11 1.39348 5.196152 9 18
E-MEXP-2780 0.31002 547722 15 15 0.975664 547722 3 27
Liptak’s Z value —1.751347 —1.149808
p-Value Liptak’s z 0.0399 0.1251

sqrt (n) indicates square root values.
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important. Although challenging therapies have been
proposed by many researchers to inhibit pancreatic cancer,
the overall survival of pancreatic cancer patients has not
been improved in the last few decades (25). Such poor
prognosis is associated with the absence of an effective
biomarker (3, 26). In silico, in vitro and in vivo-clinical
evidence obtained for the first time in the present study
suggests that MMP11 is a promising prognostic biomarker
in pancreatic cancer.

Due to remarkable development of bioinformatics related
to cancers (27), we could access huge amount of
information of pancreatic cancer. Eleven candidate
biomarkers for pancreatic cancer were identified using the
consecutive eliminating method with analysis of expression
levels of genes or proteins in open-databases. In agreement
with previous reports using open-databases to select
biomarkers (28), our study also revealed that the
consecutive eliminating method was distinctive based on
three features comparing to other approaches using open
databases. First, a total 18,430 genes from 9 data-sets for
pancreatic cancer and 7 data-set for normal pancreas of
GEO and AE public microarray database were adequately
pooled due to the UPC normalization method. In the
present study, selection of pancreatic cancer biomarkers
was performed using the most abundant and up-to-date
genes in open-data sources. Second, the consecutive
eliminating method was orderly conducted in consideration
of both mRNA and protein expression patterns. Various
approaches for selecting cancer biomarkers have been
performed reflecting specialization in one field, mRNA or
protein expression (28). However, we nominated candidates
for pancreatic cancer biomarkers that were significantly up-
regulated in pancreatic cancer compared to normal pancreas
at the mRNA level. These were then consecutively
eliminated based on protein levels using The Human
Protein Atlas database. Thus, candidates for pancreatic
cancer biomarkers were selected using organically
combined sources of mRNA levels and protein levels.
Lastly, 8 nominees [42%, i.e. mesothelin; gene 1D, 10232

Figure 4. Prognosis associated with matrix metalloproteinase 11
(MMP11) expression in human pancreatic cancer. A-D: Overall survival
of pancreatic cancer patients was analyzed using Kaplan—Meier curves
depending on the differential expression of MMPI11 in GSE57495,
PAAD-US-TCGA-US, GSE62452 and GSE78229 data-sets (p-value was
calculated using Log-rank (Mantel-Cox) Test, Parentheses indicates
median survival days). E-H: Prognostic relevance was analyzed using
log-rank test and its non-parametric version of curves on the differential
expression of MMP11 in GSE57495, PAAD-US-TCGA-US, GSE62452,
and GSE78229 data-sets.

(29)] were coincided with previous reports, providing
scientific confidence to the final 11 candidates.

Recently, expression levels of nine MMPs [1-3, 7-9, 11,
12, and 14] in pancreatic cancer have been reported using
real-time RT-PCR and immunohistochemistry analysis.
Immunohistochemistry has indicated that the expression
levels of MMP7, -8, -9, and -11 were up-regulated. Using
real-time RT-PCR, the mRNA levels of MMPI11 in
pancreatic cancer were found to be significantly increased
compared to normal pancreas (13). Consistent with the
previous report, the present study also revealed specific
expression of MMP11 in human pancreatic cancers in silico
and in vitro. As shown in Figure 2, higher levels of MMP11
mRNA were specifically detected in pancreatic cancer
compared to various normal tissues. The levels of MMP11
protein were also specifically increased in pancreatic cancer
compared to other cancers and normal tissues, implying that
MMPI11 may be a pancreatic cancer biomarker due to its
unique expression patterns.

Currently, carbohydrate antigen 19-9 (CA19-9) is
recognized as the most promising serum biomarker in
pancreatic cancer. However, even CA19-9 is not a proper
biomarker for pancreatic cancer due to its largely varied
sensitivity and low specificity (30). The present study
showed that MMP11 may be suitable as a biomarker for
pancreatic cancer. Soluble MMPI11 was verified as a
potential soluble biomarker with significantly higher levels
in whole blood samples of pancreatic cancer xenograft
models (n=8) and pancreatic cancer patients (n=12)
compared to non-tumor bearing models (n=4) and healthy
donors (n=16). Although high serum levels of MMP11 have
been reported in gastric cancer, breast cancer, colorectal
cancer, and lung cancer (8), this is the first report showing
that MMP11 might be a well-functional soluble biomarker
using whole blood samples and easy-to-do techniques for
pancreatic cancer patients. However, follow-up study with
higher numbers of whole blood samples are required to
conclusively determine the utility of MMP11 as a soluble
biomarker in pancreatic cancer. To realize the “idea to clinic”
of MMP11 as a substantial soluble biomarker for pancreatic
cancer patients, the development of a user-friendly
diagnostic kit needs to be established.

It has been previously reported that increased expression of
MMP7, not MMP11, is a critical indicator of poor survival
according to the Cox proportional hazards model (13).
However, our results strongly suggested the clinical
significance of MMP11 in pancreatic cancer. High expression
of MMPI1 significantly aggravated the prognosis of
pancreatic cancer patients compared to low expression of
MMP11 according to Kaplan—Meier curves for visual clarity
and its non-parametric version of the curves using PAAD-US-
TCGA, GSE57495, GSE62452, and GSE78229 data-sets.
However, high expression of MMP7 significantly aggravated
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Figure 5. Prognosis associated with matrix metalloproteinase 7 (MMP?7)
expression in human pancreatic cancer. Overall survival of pancreatic
cancer patients was analyzed using Kaplan—Meier curves depending on
the differential expression of MMP7 in GSE57495 data-set (p-value was
calculated using Log-rank (Mantel-Cox) Test.

the prognosis of pancreatic cancer patients compared to low
expression of MMP7 only in the GSE57495 data-set, but not
in PAAD-US-TCGA or GSE62452 datasets. Furthermore,
increased MMP11 expression showed significantly higher
association with clinical outcomes (p<0.05) than MMP7
expression (p=0.125) according to Liptak’s Z analysis
including sufficient numbers (low MMP11 expressed group,
n=373; high MMP11 expressed group, n=335; low MMP7
expressed group, n=344; low MMP7 expressed group, n=364).
To the best of our knowledge, this report clearly shows the
impact of MMP11 expression in pancreatic cancer prognosis.

Collectively, our results provide the first evidence that
soluble MMP11 could be specifically detected in whole
blood samples of pancreatic cancer patients. In addition, its
high expression showed significant association with poor
prognosis in pancreatic cancer. Our results provide strong
evidence that MMP11 may be a promising prognostic
biomarker in pancreatic cancer.
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