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Since the discovery of small non-coding RNAs, the analyses of microRNA (miRNA) expression patterns in

human cancer have provided new insights into cancer biology. miRNA-21 has been suggested to be one of the

miRNAs that have an important role in the development or biological behavior of a variety of malignancies,

including pancreatic cancer. This study was conducted to evaluate the relationship between the expression

of miRNA-21 and that of its molecular targets, programmed cell death 4 (PDCD4) and tissue inhibitor of

metalloproteinase (TIMP3), in pancreatic ductal adenocarcinoma. The study included 65 pancreatic ductal

adenocarcinomas and 5 normal pancreatic tissue specimens for comparison. The miRNA expression profiling

of five selected pancreatic ductal adenocarcinomas and five normal pancreatic specimens was performed

using a microarray platform, and was evaluated by a hierarchical clustering analysis. The miRNA most

highly expressed in pancreatic ductal adenocarcinomas (ie, miRNA-21) was further assessed by quantitative

real-time reverse transcription PCR (RT-PCR) assays in the 65 pancreatic ductal adenocarcinoma cases. The

expression pattern of its molecular targets (eg, PDCD4 and TIMP3) in pancreatic ductal adenocarcinoma was

examined immunohistochemically. In the microarray analyses, 28 miRNAs were upregulated in pancreatic

ductal adenocarcinoma compared with normal pancreatic tissue, whereas 48 miRNAs were downregulated.

miRNA-21 was the most significantly overexpressed miRNA in the pancreatic ductal adenocarcinomas

analyzed, and was also highly expressed in 75% of the 65 pancreatic ductal adenocarcinomas examined by

real-time RT-PCR. High miRNA-21 expression was correlated with a worse prognosis in the pancreatic ductal

adenocarcinoma patients (P¼ 0.045). The immunohistochemical expression patterns of PDCD4 (reduced

nuclear staining pattern) and TIMP3 (downregulated expression) were significantly associated with both

the upregulated miR-21 expression (Po0.05) and the poor survival of the patients (Po0.001 and P¼ 0.001,

respectively). Our data suggest that an overexpression of miRNA-21 is, therefore, associated with the biological

behavior of pancreatic ductal adenocarcinoma via the downregulation of the expression of tumor suppressors,

PDCD4 and TIMP3, thus resulting in tumor progression and the adverse clinical course of pancreatic ductal

adenocarcinoma.
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Pancreatic ductal adenocarcinoma is the fourth
leading cause of cancer-related death, with only
6% of patients alive 5 years after diagnosis.1

The main reasons for this grim prognosis include
the late clinical presentation, rapid and aggressive
local invasion, high metastatic potential and strong
resistance to chemotherapy and radiation therapy
of pancreatic ductal adenocarcinomas. Although
the only potentially curative treatment for pancrea-
tic ductal adenocarcinoma is surgical resection,
the vast majority of patients are diagnosed at too
advanced stages to undergo a curative surgery.
This late diagnosis stems largely from a paucity of
disease-specific symptoms in the early stages.
Although some previous studies have attempted to
identify predictive markers of pancreatic ductal
adenocarcinoma, no single predictive marker is so
far available.2 In addition, the molecular mechan-
isms underlying such biological aggressiveness of
pancreatic ductal adenocarcinoma have not yet been
fully elucidated.

A recently identified class of non-coding small
RNAs, microRNAs (miRNAs), is a group of RNAs of
14–24 nucleotides that can negatively regulate
protein expression at the post-transcriptional level
by translational inhibition and/or mRNA degrada-
tion, mostly through base pairing with the 30-UTR
of their target mRNAs.3 Accumulated bioinformatic
data indicate that a single miRNA can potentially
bind to hundreds of mRNA targets, thereby having
an important role in various biological processes.4

Furthermore, it has been demonstrated that miRNAs
can induce tumorigenesis, for example, by down-
regulating tumor suppressor genes. Among such
oncogenic miRNAs, miRNA-21 (miR-21) has been
shown to be overexpressed in a variety of malig-
nancies, including pancreatic cancer,5,6 esophageal
cancer,7 lung cancer,8 and colon cancer.9 miR-21 has
been shown to target tumor suppressor genes such
as those of tropomyosin 1 (TPM1), programmed cell
death 4 (PDCD4), phosphatase and tensin homolog
(PTEN), tissue inhibitor of metalloproteinase 3
(TIMP3), and Maspin.10–12 However, the relationship
between miR-21 and such tumor suppressor genes
remains to be investigated in pancreatic ductal
adenocarcinoma.

The aims of this study were to evaluate the miRNA
expression patterns and to assess the potential
relationship between the expression levels of miR-21
and its putative molecular targets, TIMP3 and PDCD4,
and the clinicopathological significance of miR-21
expression in pancreatic ductal adenocarcinoma.

Materials and methods

Patients and Tissue Samples

The study included 65 patients with pancreatic
ductal adenocarcinoma who underwent surgical
resection in the Department of Surgery 1, School of
Medicine, University of Occupational and Environ-

mental Health, Japan; the Department of Surgery,
Kyusyu Rosai Hospital; and the Department of
Surgery, Kyushu Kosei-Nenkin Hospital in the
period from 1982 to 2010. The patients comprised
40 males and 25 females, with a median age of 65
years (range, 40–80 years). Survival was measured
from the time of the pancreatic resection, and death
was regarded as an end point. The survival
information of the patients followed-up at least 0.5
years after surgery was obtained. Formalin-fixed,
paraffin-embedded tumor tissue specimens were
re-cut and stained with hematoxylin and eosin for
a histological re-evaluation according to the current
criteria of the World Health Organization.13 The
tumor stage was assessed based on the Union
Internationale Contre le Cancer (UICC) classifica-
tion.14 This study included cases of ‘pT1-3 N0-1 M0’
and ‘pT4 N0 M0’ disease. The detailed clinical data
of these cases are shown in Table 1. Written
informed consent was obtained from all patients
before sample collection, and all patients were
treatment naive before pancreatic surgery.

Table 1 Clinicopathological profiles of 65 pancreatic ductal
adenocarcinoma patients

Sex (male/female) 40 (62%)/25 (38%)
Median age 65 years (range, 40–80 years)

pT category
pT1 3 (5%)
pT2 9 (14%)
pT3 46 (71%)
pT4 7 (10%)

pN category
pN0 36 (55%)
pN1 29 (45%)

pM category
pM0 65 (100%)
pM1 0 (0%)

Histology
Well differentiated 16 (24%)
Moderate differentiated 42 (65%)
Poorly differentiated 7 (11%)

Location
Head 47 (72%)
Body 18 (28%)

Lymphatic permeation
None or slight 37 (57%)
Prominent 28 (43%)

Vascular invasion
None or slight 54 (83%)
Prominent 11 (17%)

Perineural invasion
None or slight 33 (51%)
Prominent 32 (49%)

Tumor diameter
r4 cm 52 (80%)
44 cm 13 (20%)
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Snap-frozen tumor tissues of five randomly selected
cases were used in an miRNA microarray study.
Formalin-fixed, paraffin-embedded tumor tissues of
the other 60 cases were used for reverse transcription
PCR (RT-PCR) and an immunohistochemical study.
Normal pancreatic tissue specimens from five autopsy
cases were included for comparison purposes.

RNA Extraction and miRNA Microarrays

Small RNAs extracted from the tissue specimens
were purified and labeled with Cy5 using the Label
IT miRNA labeling kit (Takara Bio, Otsu, Japan).
Expression profiles of miRNAwere analyzed using a
3D-Gene miRNA microarray platform (version 14.0,
Toray, Kamakura, Japan) as described previously.15

More than 900 antisense probes were printed in
duplicate spots on the miRNA microchip The
annotation and oligonucleotide sequences of the
probes conformed to the miRBase miRNA dat-
abase version 14.0 (http://microrna.sanger.ac.uk/
sequences/). The data were assessed using unsuper-
vised hierarchical clustering.

Quantitative Estimation of miRNA by RT-PCR

A quantitative estimation of miRNA expression was
performed by real-time RT-PCR using the TaqMan
MicroRNA Assay and TaqMan MicroRNA RT kit
(Applied Biosystems, Foster City, CA) according to
the manufacturer’s instructions. Briefly, the reac-
tion master mix containing 10� RT buffer, 5� RT
primers, MultiScribe reverse transcriptase, RNase
inhibitor, 100mM dNTPs and nuclease-free water
was mixed with 20ng of total RNA extracted from
the PDAC and normal pancreatic tissue samples.
The mixtures were incubated for 30min at 161C,
30min at 421C, and 5min at 851C. The PCR
was performed using 10ml of PCR master mix
containing TaqMan 2�Universal PCR Master Mix,
20�TaqMan MicroRNA Assay Mix (Applied Bio-
systems) and the RT products in a volume of 20 ml.
The reaction mixtures were incubated at 951C for
10min, followed by 40 cycles at 951C for 15 s and at
601C for 1min using the StepOnePlus Real-Time
PCR system (Applied Biosystems). The mean Ct
values of each sample were determined from dupli-
cate reactions. The relative expression level of each
miRNA examined was calculated by log2|2

�DCt|, in
which DCt was defined as the subtraction of the
Ct value of the target miRNA from the Ct value of the
internal control RNU6B.

Immunohistochemical Analysis

Unstained sections of 4mm thickness were depar-
affinized in xylene and dehydrated in a graded
series of alcohol, and stained according to the
routine laboratory protocols. After standard anti-
gen retrieval in a pressure cooker for 10min,

endogenous peroxidase was blocked in 3% hydro-
gen peroxide in methanol for 5min, followed by a
treatment with a Protein Blocking Agent (DAKO
Japan, Tokyo, Japan). Each incubation step was
carried out at room temperature and was followed
by three sequential washes in TBS. Sections were
incubated with a primary antibody, anti-PDCD4
(1:100, ab51495, Abcam, Cambridge, MA) or anti-
TIMP3 (1:100, ab58804, Abcam) overnight, followed
by incubation with an anti-mouse secondary anti-
body-conjugated immunoenzyme polymer reagent
(EnVision, DAKO Japan) for 30min. The reaction
products were visualized using 3, 30-diaminobenzi-
dine tetrahydrochloride and H2O2. Normal pancrea-
tic tissue samples were used as an internal positive
control. The primary antibody was omitted in the
staining procedure for negative controls.

The immunostaining was scored according to the
percentage of positive cells by two observers, and
were classified as: (�) negative staining, o30%; (þ )
moderate positive staining, 30–70%; and (þ þ )
strong positive staining, 470%. TIMP3 expression
was evaluated by its cytoplasmic staining, whereas
PDCD4 expression was assessed by its both cyto-
plasmic and nuclear staining.

Statistical Analyses

The data about miRNA expression determined by
RT-PCR were assessed using Welch-based t-tests.
The association between the postoperative survival
and the miRNA expression level measured by RT-
PCR was estimated by the Kaplan–Meier method,
and the resulting curves were split into two classes
(high and low expression in comparison with the
mean level of miRNA expression as the threshold)
and compared using log-rank test. Significance was
accepted with 95% confidence. Postoperative survi-
val was calculated as the interval between the date of
pancreatic cancer surgery and either the date of the
patient’s death or the date of the last follow-up of the
patient. The w2-test was used to analyze the relation-
ship between the miR-21 expression or immunohis-
tochemical expression of PDGD4 or TIMP3 and
various clinicopathological parameters. The univari-
ate or multivariate Cox hazard regression model
analysis was also performed to assess miRNA
expression and immunohistochemical data and
variable clinicopathological parameters as potential
predictors. The statistical analyses were performed
using the SPSS 17.0 for Windows software package
(SPSS Inc.). Differences were considered to be
statistically significant when the P-value was o0.05.

Results

miRNA Microarray Analysis

In our global miRNA expression analysis, super-
vised hierarchical clustering showed distinctive
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miRNA expression profiles for each sample type,
and all but one sample was properly clustered into
the appropriate sample category (Figure 1). In a
comparison of miRNA expression between five
pancreatic ductal adenocarcinomas and five normal
pancreatic tissues, 76 miRNAs were differentially
expressed by at least 2-fold: 28 miRNAs were
upregulated and 48 miRNAs were downregulated
in pancreatic ductal adenocarcinomas compared
with normal tissue samples. The 10 most over-
expressed or underexpressed miRNAs are listed in

Table 2. Among the upregulated miRNAs in pan-
creatic ductal adenocarcinomas, miR-21 was shown
to be the most highly overexpressed miRNA, and its
averaged expression level was 3.63-fold greater in
pancreatic ductal adenocarcinoma than in normal
pancreatic tissue samples. Therefore, the current
study focused on miR-21.

Quantitative Estimation of miRNA Expression
by RT-PCR

Consistent with the microarray data, most of the
pancreatic ductal adenocarcinoma specimens (75%)
showed increased levels of miR-21 (mean: 1.99-fold)
compared with normal pancreatic tissue (P¼ 0.024;
Figure 2). A statistically significant correlation
between an elevated miR-21 level and lymph node
metastasis was found, although other clinicopatho-
logical parameters including gender, age, T stage,
histological grade, location, lymphatic permeation,
vascular invasion, perineural invasion, and tumor
size were not correlated with the miR-21 expression
(Table 3).

PDCD4 and TIMP3 Immunostaining

The non-neoplastic ductal epithelium showed
unequivocal or intense nuclear PDCD4 and cyto-
plasmic TIMP3 expression. Atypical ductal epithe-
lium or carcinoma cells in pancreatic ductal adeno-
carcinoma displayed variable but often reduced
nuclear and/or predominantly cytoplasmic PDCD4
staining, whereas TIMP3 staining was mostly weak
or lost in many pancreatic ductal adenocarcinomas
(Figure 3). However, there was no significant
correlation between the immunohistochemical
expression of PDCD4 or TIMP3 and the clinico-
pathological parameters of the pancreatic ductal
adenocarcinoma cases examined (Table 4).

Correlation between miR-21 and PDCD4/TIMP3
Expression

A statistically significant correlation was found
between the miR-21 expression level and down-
regulated nuclear PDCD4 expression (P¼ 0.023) or
cytoplasmic TIMP3 expression (P¼ 0.027) in pan-
creatic ductal adenocarcinoma samples (Table 5).
In addition, the carcinoma cells tended to express
more cytoplasmic PDCD4, although its correlation
with miR-21 expression was not significant.

Statistical Analysis of Patient Survival

In Kaplan–Meier survival analysis, there was a trend
for patients with high miR-21 expression to have
a poorer course of survival compared with those
with low miR-21 expression (P¼ 0.045; Figure 4). A
unvariate Cox hazard regression model analysis

Figure 1 A partial heat map of the global miRNA expression
profiles and unsupervised hierarchical clustering of five pancrea-
tic ductal adenocarcinomas (PDAC) and five normal pancreatic
tissues (N.C.). The red and green colors represent a relatively high
and low expression of miRNAs, respectively.
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demonstrated that a high expression level of
miR-21 (P¼ 0.045, hazard ratio (HR)¼ 0.431; 95%
CI¼ 0.221–0.839), T stage (P¼ 0.023, HR¼ 3.924;
95% CI¼ 1.207–12.755), PDCD4 nuclear staining
(P¼ 0.00, HR¼ 0.440; 95% CI¼ 0.282–0.689), and
TIMP3 staining (P¼ 0.001, HR¼ 0.528; 95% CI¼
0.363–0.769) was associated with poor patient
survival. In a multivariate Cox regression model ana-
lysis, a high expression level of miR-21 (P¼ 0.030,
HR¼ 2.124; 95% CI¼ 1.074–4.200) and downregu-
lated TIMP3 expression (P¼ 0.000, HR¼ 4.732;
95%¼CI 2.245–9.974) were considered significantly
unfavorable prognostic factors (Table 6).

Discussion

Dysregulated expression of miRNAs has been
identified in a variety of human malignancies and
is suggested to have a significant role in the
development or progression of tumors by inhibiting

Table 2 Differentially expressed miRNAs identified in pancreatic ductal adenocarcinoma

miRNAs upregulated miRNAs downregulated

Gene ID Fold change P-value Gene ID Fold change P-value

has-miR-21 3.63 o0.001 has-miR-216a �4.84 0.001
has-miR-199a-3p 3.38 o0.001 has-miR-216b �4.73 0.001
has-miR-194 3.29 o0.001 has-miR-217 �4.65 0.003
has-miR-10a 3.15 o0.001 has-miR-184 �4.27 o0.001
has-miR-143 3.14 o0.001 has-miR-423-5p �3.71 o0.001
has-miR-100 2.95 o0.001 has-miR-25 �3.67 o0.001
has-miR-99a 2.9 0.001 has-miR-491-5p �3.6 o0.001
has-miR-222 2.82 o0.001 has-miR-H2-3p �3.25 o0.001
has-miR-31 2.74 0.010 has-miR-1292 �3.2 o0.001
has-miR-155 2.57 o0.001 has-miR-2110 �3.19 o0.001

Figure 2 The miR-21 expression in normal pancreatic tissue
(N.C.) and pancreatic ductal adenocarcinoma (PDAC) assessed by
real-time RT-PCR. Box plots indicate the medians with inter-
quartile range, and whiskers demonstrate the maximum and
minimum levels of miR-21 expression. Statistical significance
was calculated using the Welch-based t-test.

Table 3 Comparison of clinicopathological parameters and
expression level of miRNA-21 in pancreatic ductal adeno-
carcinoma

Parameter N miR-21 P-valuea

High
expression

Low
expression

Sex
Male 40 19 21 0.724
Female 25 13 12

Age (years)
r65 30 15 15 0.909
465 35 17 18

pT category
1/2 12 4 8 0.223
3/4 53 28 25

pN category
1 29 19 10 0.018
0 36 13 23

Histology
Well

differentiated
16 8 8 0.938

Moderately
differentiated

42 21 21

Poorly
differentiated

7 3 4

Location
Head 47 23 24 0.939
Body 18 9 9

Lymphatic permeation
None or slight 37 16 21 0.267
Prominent 28 16 12

>Vascular invasion
None or slight 54 26 28 0.699
Prominent 11 6 5

Perineural invasion
Non or slight 33 15 18 0.536
Prominent 32 17 15

Tumor diameter
r4 cm 52 24 28 0.321
44 cm 13 8 5

aw2-test.
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tumor suppressor genes or activating oncogenes. In
pancreatic ductal adenocarcinoma or its precursor
lesion, the overexpression of several miRNAs, such

as miR-21, miR-181 family, miR-221 and miR-155,
and downregulation of miRNAs, such as the let-7
family, miR-200 family and miR-146a, have been

Figure 3 Immunohistochemical expression of PDCD4 (a–f) and TIMP3 (g–i) in PDAC. PDCD4 is expressed intensely (a, d) or moderately
(b, c) in the cytoplasm (a, b) or nuclei (d, f) of adenocarcinoma cells, whereas it was lacking in some PDAC cases (c, f). Representative
strong (g) moderate (h) or negative (i) cytoplasmic immunoreactivity for TIMP3 is also shown.
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described in previous studies.5,12,13 Among them,
miR-21 is the one that has been recurrently
suggested to be oncogenic in the pancreas. Our
microarray data about global miRNA expression
further support this view, because miR-21 was
the most significantly overexpressed miRNA in
pancreatic ductal adenocarcinoma in our study.

Bloomston et al5 have described that miR-21
and miR-155 were specifically overexpressed in
pancreatic cancers compared with normal pancreas
or chronic pancreatitis. Since miR-21 can inhibit
apoptosis,16 they assumed that miR-21 might
function as a proto-oncogene. In line with this
assumption, pancreatic cancer cells transfected with
the miR-21 precursor show significantly increased
cell proliferation, invasiveness, and chemoresis-
tance.17 It is notable that a high miR-21 expression
was associated with a poorer prognosis of the
pancreatic ductal adenocarcinoma patients in the

Table 4 Comparison of clinicopathological features and PDCD4 or TIMP3 expression level in pancreatic ductal adenocarcinoma

Clinicopathological feature N PDCD4 (cytoplasmic) PDCD4 (nuclear) TIMP3

� + ++ P-valuea � + ++ P-valuea � + ++ P-valuea

Sex
Male 40 8 17 15 0.57 6 14 20 0.582 5 13 22 0.887
Female 25 6 10 9 3 12 10 4 7 14

Age (years)
r65 30 5 14 11 0.856 4 10 16 0.535 5 9 16 0.83
465 35 7 14 14 5 16 14 4 11 20

pT category
1/2 12 1 5 6 0.392 0 6 6 0.293 0 2 10 0.079
3/4 53 13 22 18 9 20 24 9 18 26

pN category
0 36 8 12 9 0.501 2 17 17 0.079 5 10 14 0.563
1 29 6 15 15 7 9 13 4 10 22

Histology
Well differentiated 16 3 8 5 0.072 1 6 9 0.721 3 3 10 0.275
Moderately differentiated 42 11 18 13 7 18 17 6 16 20
Poorly differentiated 7 0 1 6 1 2 4 0 1 6

Location
Head 47 12 18 17 0.425 8 17 22 0.392 7 16 24 0.523
Body 18 2 9 7 1 9 8 2 4 12

Lymphatic permeation
None or slight 37 8 16 13 0.935 4 15 18 0.707 6 11 20 0.816
Prominent 28 6 11 11 5 11 12 3 9 16

Venus invasion
None or slight 54 13 21 20 0.474 6 22 26 0.360 8 16 30 0.838
Prominent 11 1 6 4 3 4 4 1 4 6

Perineural invasion
None or slight 33 8 13 12 0.858 5 12 16 0.826 5 6 22 0.079
Prominent 32 6 14 12 4 14 14 4 14 14

Tumor diameter
r4 cm 52 11 22 19 0.968 5 20 27 0.068 5 16 31 0.122
44 cm 13 3 5 5 4 6 3 4 4 5

aw2-test.

Table 5 Correlation between miR-21 expression levels and
PDCD4 or TIMP3 expression level

High miR-21
expression

Low miR-21
expression

P-valuea

PDCD4 (cytoplasmic)
� 4 (6%) 10 (15%) 0.129
+ 13 (20%) 14 (22%)
++ 15 (23%) 9 (14%)

PDCD4 (nuclear)
� 8 (12%) 1 (2%) 0.023
+ 13 (20%) 13 (20%)
++ 11 (17%) 19 (29%)

TIMP3
� 8 (12%) 1 (2%) 0.027
+ 10 (15%) 10 (15%)
++ 14 (22%) 22 (34%)

aw2-test.
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current study, and the association has also been
described by Dillhoff et al.18 Moreover, the expres-
sion status of miR-21 was considered to be an
independent prognostic factor for poor survival
based on our statistical analysis. Zhu et al19

described that miR-21 has a role not only in tumor
growth, but also in invasion and tumor metastasis
using several cancer cell lines. We also found a
significant correlation between the overexpression
of miR-21 and lymph node metastasis of pancreatic
ductal adenocarcinoma. These findings suggest
that miR-21 can be used as a biomarker for predic-
ting disease progression and/or the aggressiveness
of pancreatic ductal adenocarcinoma. Interestingly,
Ali et al12 recently examined miR-21 in the plasma

of patients with pancreatic cancer, and found that
the expression miR-21 was correlated with a worse
survival, which would suggest the potential
practical use of plasma miR-21 in future clinical
management of patients with pancreatic ductal
adenocarcinoma.

Although the detailed molecular mechanisms
underlying such oncogenic functions of the over-
expressed miR-21 in the pancreas remain to be
clarified, previous studies have identified several
tumor suppressors as molecular targets of miR-21,
including PTEN, PDCD4, TPM1, TIMP3, and Mas-
pin.10–12 PTEN has been recently shown to act in
synergy with Smad4 in suppressing pancreatic
ductal adenocarcinoma formation in mice.20 More
recently, it has been reported that inhibition of miR-
21 in a pancreatic ductal adenocarcinoma cell line
led to reduced cell proliferation and increased cell
death, with a simultaneous increase in PDCD4.21

In addition, the level of expression of PTEN, PDCD4,
Maspin, and TPM1 was significantly reduced in
drug-resistant pancreatic ductal adenocarcinoma
cell lines.12 Our data, showing a correlation between
the expression of miR-21 and its targets in pancrea-
tic ductal adenocarcinoma tissues, are in agreement
with these observations, although the association
of miR-21 with TIMP3 expression has not been
previously examined in the pancreas. Thus, aber-
rantly expressed miR-21 appears to have a pivotal
role in the development and/or progression of pan-
creatic ductal adenocarcinoma by targeting multiple
tumor suppressors.

Notably, the miR-21 expression pattern was corre-
lated with reduced nuclear expression of PDCD4
and reduced cytoplasmic expression of TIMP3 in
our study. Loss of PDCD4 has been shown to be
strongly associated with the progression and meta-
stasis of multiple human cancer types, including

Figure 4 Kaplan–Meier overall survival analysis of patients with
pancreatic ductal adenocarcinoma based on their expression of
miR-21 as measured by quantitative RT-PCR.

Table 6 Univariate and multivariate survival analyses of the clinicopathological and molecular features of pancreatic ductal
adenocarcinoma

Factor Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Sex Male vs female 1.134 (0.593–2.171) 0.703
Age r65 vs 465 years 0.741 (0.383–1.331) 0.289
T category T 1/2 vs T 3/4 3.924 (1.207–12.755) 0.023
Lymph node metastasis Negative vs positive 1.709 (0.923–3.165) 0.088
Histology Well vs mod vs por 1.093 (0.671–1.781) 0.721
Location Head vs Body 0.631 (0.290–1.371) 0.245
Lymphatic permeation None or slight vs prominent 1.474 (0.797–2.728) 0.217
Vascular invasion None or slight vs prominent 2.234 (0.957–5.216) 0.063
Perineural invasion None or slight vs prominent 1.086 (0.586–2.014) 0.793
Tumor size r2 cm vs 42 cm 1.789 (0.871–3.673) 0.113
miR-21 expression High vs low 0.398 (0.205–0.772) 0.045 2.124 (1.074–4.200) 0.030
PDCD4 (cytoplasmic)a � vs + vs ++ 0.743 (0.494–1.117) 0.151
PDCD4 (nuclear)a � vs + vs ++ 0.440 (0.282–0.689) o0.001
TIMP3a � vs + vs ++ 0.528 (0.363–0.769) 0.001 4.732 (2.245–9.974) o0.001

a
Immunohistochemical expression.
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those in the lung, breast, colon, esophagus, stomach,
and ovary.22–27 PDCD4 is expressed ubiquitously
in normal tissues and mediates multiple biologic
processes, such as cell-cycle progression and cell
survival, by binding RNA and ATP-dependent RNA
helicase eIF4A.28 PDCD4 shuttles between the
nucleus and cytoplasm,29 and the biological signi-
ficance of its subcellular localization is a matter of
controversy.30,31 In our immunohistochemical study,
PDCD4 was expressed exclusively in the nuclei in
normal pancreatic tissue, whereas adenocarcinomas
frequently showed cytoplasmic expression of
PDCD4, rather than its nuclear expression. A similar
trend in PDCD4 expression has been described in
breast and colorectal cancers,10,24 although the
pattern of PDCD4 expression somewhat differed in
intraductal papillary mucinous neoplasm of the
pancreas in a recent study.32 Therefore, the func-
tion and expression pattern of PDGD4 may vary
according to tumor type, and the subcellular locali-
zation of PDCD4 in tumor cells warrants further
investigation.

The family of TIMPs consists of four members
that specifically inhibit the proteolytic activity of
matrix metalloproteinases.33 TIMP3 is secreted as a
24-kDa protein that, in contrast to other TIMP family
members, binds to the extracellular matrix. TIMP3 is
also considered a tumor suppressor, because this
protein can inhibit tumor growth, angiogenesis, and
invasion, and can promote apoptosis.34 The adeno-
viral transfer of TIMP3 into HeLa, HT1080 fibrosar-
coma cells, and melanoma cells reduces their
invasiveness and stimulates apoptosis.35,36 Strong
reduction or loss of TIMP3 expression has been
described in pancreatic adenocarcinomas despite a
low incidence of its promoter hypermethylation.37

In the current study, a high expression of miR-21
was found to correlate with the downregulation of
TIMP3 in pancreatic ductal adenocarcinoma. There-
fore, the miR-21-induced downregulation of TIMP3
is likely another oncogenic mechanism in the
pancreas.

In summary, our study demonstrated that miR-21
was the most highly expressed miRNA in pancreatic
ductal adenocarcinoma, and that the elevated
expression of miR-21 was correlated with a worse
survival of the patients. The miR-21 expression was
closely linked to the immunostaining patterns of
tumor suppressors, PDCD4 and TIMP3. Thus, miR-
21 is suggested to be a key oncogenic miRNA in the
pancreas by targeting multiple tumor suppressors
and a potential biomarker predicting prognosis of
the patients with pancreatic ductal adenocarcinoma.
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