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DLC-1 is a candidate biomarker methylated
and down-regulated in pancreatic ductal adenocarcinoma
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Abstract Pancreatic ductal adenocarcinoma (PDA) is one
of the most aggressive malignancies in humans, and its
prognosis is generally poor even after surgery. Many ad-
vances have been made to understand the pathogenesis of
PDA; however, the molecular mechanisms that lead to pan-
creatic carcinogenesis are still not clearly understood. The
aims of this study were to investigate the relationship be-
tween DLC-1 methylation status and clinicopathological
characteristics of PDA patients and evaluate the role of
DLC-1 methylation status in PDA. The expression of
DLC-1 mRNA in PDA tissues was analyzed by real-time
PCR. The methylation status of DLC-1 was analyzed by
methylation-specific polymerase chain reaction (MSP). Fur-
thermore, we determined the prognostic importance of
DLC-1 methylation status in PDA patients. Our results
showed that the expression level of DLC-1 mRNA in PDA
tissues was lower than that in non-cancerous tissues. The
rate of DLC-1 promoter methylation was significantly
higher in PDA tissues than in adjacent non-cancerous tis-
sues (p<0.001). Downregulation of DLC-1 was strongly

correlated with promoter methylation (P=0.003). The pres-
ence of DLC-1 methylation in PDA tissue samples was
significantly correlated with clinical stage (P=0.005), histo-
logical differentiation (P=0.05), and lymph node metastasis
(P=0.006). Kaplan–Meier survival analysis showed that
DLC-1 methylation status was inversely correlated with
overall survival of the PDA patients. Further, Cox multivar-
iate analysis indicated that DLC-1 methylation status was an
independent prognostic factor for the overall survival rate of
PDA patients. In conclusion, our data suggest that
downregulation of DLC-1 may be explained by DNA meth-
ylation; DLC-1 may be a biomarker for PDA.
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Introduction

Pancreatic ductal adenocarcinoma (PDA) is a highly lethal
disease, which is usually diagnosed in an advanced state for
which there is little or no effective therapy [1]. It has the worst
prognosis of any major malignancy and is the fourth most
common cause of cancer death yearly in multiple countries
[2]. Despite advances in surgical and medical therapy, little
effect has been made on the mortality rate of this disease
[1–4]. Global hypomethylation is often accompanied by dense
hypermethylation of the specific promoters in human cancers
[5–7]. Promoter hypermethylation results in gene silencing,
and such genes have proved to have potent tumor suppressive
function and are rather rare [8]. So, there is an urgent need to
reveal the underlying mechanisms by which pancreatic cancer
cells become invasive and metastatic.

Deleted in liver cancer-1 (DLC-1), isolated from human
hepatocellular carcinoma (HCC), is a recently identified
tumor suppressor gene [9]. DLC-1 downregulation has been
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reported in a variety of human cancers, and its upregulation
could inhibit tumor angiogenesis, invasion, and metastasis
[10–21]. Recently, the decrease in DLC-1 expression is
reported to correlate with hypermethylation of the promoter
region [11, 12, 16, 18]. There is increasing evidence show-
ing that gene silencing due to aberrant methylation of DNA
is an early event in carcinogenesis and could serve as a
potential diagnostic and prognostic biomarker in some can-
cers [22–24]. In the present study, we investigated the rela-
tion between DLC-1 methylation and clinicopathological
characteristics of PDA patients and evaluated the role of
DLC-1 methylation in PDA.

Materials and methods

Patients and specimens

Specimens of cancer tissues and adjacent non-cancerous
tissues were retrieved from 68 primary PDA patients includ-
ing 40 males and 28 females at the age of 35–77 years who
underwent resection of PDA at Changhai Hospital of Sec-
ond Military Medical University, China, during the period
from July 2004 to July 2007. These resected tissue samples
were immediately frozen at −80 °C and stored at this tem-
perature until use. All of the samples were histologically
verified. Patient survival was defined as the time from the
day of surgery to the end of follow-up or day of death due to
recurrence or metastasis. The study was approved by the
Research Ethics Committee of Changhai Hospital, Second
Military Medical University, Shanghai, China. Informed
consent was obtained from all of the patients. All specimens
were handled and made anonymous according to accepted
ethical and legal standards.

Real-time RT-PCR

A total of 68 pairs of fresh PDA and adjacent non-
cancerous tissues were employed for isolation of total
RNA using the Trizol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's instructions. Total
RNA (2 μg) was then reverse-transcribed using the M-
MLV Reverse Transcriptase Kit (Promega, Madison, WI,
USA). The resultant cDNA (20 ng) was mixed with SYBR
GreenMasterMix (BioRad, Hercules, CA, USA) and ampli-
fied in the CFX96 real-time detection system (Bio-Rad).
Each reaction was run in triplicate. The expression of IBSP
was normalized against GAPDH by the comparative thresh-
old cycle (ct) method using the following formula: fold
difference in expression = 2−(Δct of target gene−Δct of reference).
Primers of DLC-1 used for RT-PCR were designed
according to the protocol of Zhang et al. [21].

Methylation-specific PCR

DNAwas isolated from tissue samples using the NucleoSpin
Tissue kit (Macherey-Nagel, Duren, Germany). Genomic
DNA conversion was performed using EZ DNA
Methylation-Gold Kit (Zymo Research, Orange, CA, USA).
DNA after conversion was used for analyses of the methyla-
tion status of the DLC-1 promoter using methylation-specific
PCR. Primers of methylated and unmethylated DLC-1 were
designed according to the protocol of Peng et al. [9].
Methylation-specific PCR for the DLC-1 promoter was
conducted in a total PCR volume of 20μL. The PCR products
were analyzed by 1 % agarose gel electrophoresis.

Statistical analysis

Statistical analyses and graphical representations were
performed with GraphPad Prism 5 software (San Diego,
CA, USA). Chi-square test was used to analyze the relation-
ship between DLC-1 expression and clinicopathological
characteristics. Quantitative values were analyzed using
Student's t-test. Survival curves were plotted by Kaplan–
Meier method and compared using log-rank test. Survival
data were evaluated using Cox proportional hazards model.
Independent prognostic factors were determined by a mul-
tivariate analysis. All results were considered as significant
when P-values were less than 0.05.

Results

The expression of DLC-1 mRNA in PDA tissues
and non-cancerous tissues

The expression of PDA mRNA in PDA tissues was ana-
lyzed by real-time PCR in 68 pairs of PDA and adjacent
non-cancerous tissues. We investigated differences in the
expression of DLC-1 mRNA in PDA and adjacent non-
cancerous tissues. We found a statistically significant lower
expression of DLC-1 in PDA tissues in comparison with
adjacent non-cancerous tissues (P=0.002) (Fig. 1a). In ad-
dition, we also observed a significantly higher expression of
DLC-1 in stage I–II in comparison with III–IV (P=0.016)
using the median two-sample test (Fig. 1b).

DLC-1 promoter methylation in PDA tissues and adjacent
non-cancerous tissues

We next addressed whether downregulation of DLC-1 in
tumor tissues was caused by promoter methylation, an epi-
genetic alteration that frequently leads to gene silencing.
Methylation-specific PCR (MSP) analysis showed that
DLC-1 promoter methylation was detected in 35/68
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(51.5 %) PDA tissue samples and in 7/68 (10.3 %) adjacent
non-cancerous tissue samples (Fig. 1). DLC-1 promoter
methylation was significantly higher in PDA tissues than
in adjacent non-cancerous tissues (P<0.001). Figure 2 dem-
onstrates the methylation status of the DLC-1 promoter of
five pairs of PDA tissues and adjacent non-cancerous tis-
sues. We tested the correlation between DLC-1 expression
and promoter methylation, and our data indicated that
downregulation of DLC-1 was strongly correlated with pro-
moter methylation (P=0.003; Table 1).

Correlation between DLC-1 methylation status
and the clinicopathological features

The association between DLC-1 methylation status and the
clinicopathological features of PDAwas further analyzed, as
shown in Table 2. We did not find a significant association
between DLC-1 methylation status and gender, age, and

tumor location in patients with PDA (all P>0.05). Interest-
ingly, we observed that DLC-1 methylation status was
closely correlated with clinical stage (P=0.005), histological
differentiation (P=0.05), and lymph node metastasis
(P=0.006) in patients with PDA.

Correlation of DLC-1 methylation status with overall
survival

To investigate the prognostic value of DLC-1 methylation
status for PDA, we assessed the association between DLC-1
methylation status and survival duration using Kaplan–
Meier analysis with log-rank test. The log-rank test showed
that DLC-1 methylation status was inversely correlated with
overall survival of the PDA patients (Fig. 3). To determine
whether DLC-1 expression is an independent prognostic
factor for PDA, we performed a multivariate survival anal-
ysis of DLC-1 methylation status and factors including age,
gender, tumor location, histological differentiation, lymph
node involvement, and TNM stage in patients with PDA.
The results showed that DLC-1 methylation status was an
independent prognostic factor for PDA (Table 3).

Fig. 1 a Relative expression of
DLC-1 mRNA in PDA tissues
compared to non-cancerous
tissues. b Difference between
expression of DLC-1 mRNA in
stage I–II and III–IV

Fig. 2 Methylation status of DLC-1 in five pairs of PDA tissues and
adjacent non-cancerous tissues. M methylation, U unmethylation

Table 1 DLC-1 downregulation was associated with promoter
methylation

DLC-1 promoter
methylation

DLC-1 P value

No change Downregulation

Methylated (n=35) 6 29 0.003

Unmethylated (n=33) 17 16
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Discussion

Deleted in liver cancer-1 (DLC-1), isolated from HCC, is a
recently identified tumor suppressor gene [9]. DLC-1
downregulation has been reported in a variety of human
cancers, and its upregulation could inhibit tumor angiogen-
esis, invasion, and metastasis [10–21]. Recently, the de-
crease in DLC-1 expression is reported to correlate with
hypermethylation of the promoter region [11, 12, 16, 18].
There is increasing evidence showing that gene silencing

due to aberrant methylation of DNA is an early event in
carcinogenesis and could serve as a potential diagnostic and
prognostic biomarker in some cancers [22–24]. In the present
study, we investigated the relation between DLC-1 methyla-
tion and clinicopathological characteristics of PDA patients
and evaluated the role of DLC-1 methylation in PDA.

Firstly, the expression of DLC-1 mRNA in PDA tissues
was analyzed by real-time PCR. We found a statistically
significant lower expression of DLC-1 mRNA in PDA
tissues in comparison with adjacent non-cancerous tissues
(P=0.002). Interestingly, we also observed a significantly
higher expression of DLC-1 mRNA in stage I–II in com-
parison with stage III–IV (P=0.016). MSP analysis was
used to analyzed DLC-1 methylation status in the same
tissue samples that were used in the detection of DLC-1
mRNA. Results showed that DLC-1 methylation status was

Table 2 Relationship between
clinicopathological characteris-
tics and DLC-1 methylation in
PDA patients

Variable Number of cases DLC-1 methylation P value

Unmethylated Methylated

Age (year)

≤ 50 21 9 12 0.532

> 50 47 24 23

Gender

Male 40 21 19 0.434

Female 28 12 16

Tumor location

Head 52 26 26 0.662

Body/tail 16 7 9

Clinical stage (pTNM)

I–II 49 29 20 0.005

III–IV 19 4 15

Histological differentiation

Well differentiated 23 15 8 0.05

Moderately/poorly differentiated 45 18 27

Lymph node metastasis

Absent 37 28 19 0.006

Present 21 5 16

Fig. 3 Patients with methylated DLC-1 had shorter 5-year survival
rates than patients with unmethylated DLC-1 when assessed using
Kaplan–Meier curves

Table 3 Multivariate
Cox survival analysis Variables P value

DLC-1 methylation <0.001

Age 0.732

Gender 0.624

Tumor location 0.562

Clinical stage 0.003

Histological differentiation 0.027

Lymph node metastasis 0.013

2860 Tumor Biol. (2013) 34:2857–2861



significantly higher in PDA tissues than in adjacent non-
cancerous tissues. Additionally, our data indicated that
downregulation of DLC-1 was strongly correlated with pro-
moter methylation. Furthermore, we examined the correla-
t ion between DLC-1 methylation status and the
clinicopathological features. Our data indicated that pres-
ence of DLC-1 methylation in PDA tissue samples was
significantly correlated with clinical stage (P=0.005), histo-
logical differentiation (P=0.05), and lymph node metastasis
(P=0.006). Kaplan–Meier analysis showed that DLC-1
methylation status was inversely correlated with overall
survival of the PDA patients. To determine whether DLC-
1 methylation status is an independent prognostic factor for
PDA, we performed a multivariate survival analysis of
DLC-1 methylation status and factors including age, gender,
tumor location, histological differentiation, lymph node in-
volvement, and TNM stage in patients with PDA. The re-
sults showed that DLC-1 methylation status, together with
histological differentiation, lymph node involvement, and
TNM stage, was an independent prognostic factor for PDA.

In summary, the present s tudy indicates that
hypermethylation of DLC-1 promoter is a common event
in PDA and is correlated with poor prognosis in PDA
patients. Although additional work is required to further
clarify the mechanism and biological significance of DLC-
1 hypermethylation in human carcinogenesis, promoter
hypermethylation of the DLC-1 gene is a promising bio-
marker in early detection and prognosis for PDA patients.
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