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Abstract: Lymph node metastasis (LNM) and perineural invasion (PNI) are regarded as two important prognostic factors in pancreatic cancer. The aim of this study was to identify the LNM-associated and PNI-associated markers in
pancreatic cancer. We have constructed a formalin-fixed paraffin embedded pancreatic tissue microarrays containing
324 cylindrical tissue cores of human pancreatic cancer and its paracancerous nonmalignant pancreatic specimens
(NMPs) from 162 patients. Among those patients, there were 83 of 162 with PNI, and 65 of 162 with LNM. The protein products of 2 genes encompassing a variety of functional classes, such as oncogenes (c-Myc), apoptosis (Fas),
were analyzed by immunohistochemistry on the tissue microarray. There was marked increase in cancer tissues cytoplasmic c-Myc expression level in pancreatic cancer compared with the NMPs (P < 0.0001). Additionally, the expression level of c-Myc was also significant increase in pancreatic cancer with PNI compared with cancer without PNI (P <
0.01). In contrast, cytoplasmic Fas, low expressed in pancreatic cancer (P < 0.0001) was negatively correlated with
PNI (P < 0.05). Logistic regression analysis showed that the c-Myc expression in the cancer tissues cytoplasm acted
as a potential and independently predictive factor for PNI. However, there were no significant association between the
expression of these two genes and LNM (P > 0.05). This study for the first time described expression levels of c-Myc
and Fas played an important role in PNI of pancreatic cancer. Combined detection can be used as predictive factors,
especially c-Myc.
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Introduction
Pancreatic cancer is an aggressive and devastating disease, which is characterized by invasiveness, rapid progression and profound resistance to treatment. It ranks fourth on the list of
cancer-related causes of death with an average
5-year survival rate of < 5% [1, 2]. Surgical resection is currently the only chance for cure.
Unfortunately, most patients first diagnosed
with pancreatic cancer have already metastasized. Therefore, the results of surgical resection still remain poor due to the high incidence
of local recurrence and distant metastasis. Despite cancer genetics have improved our understanding of this disease, and significant progress has been made in the management, the
prognosis of this disease has not improved significantly over the past decades.

Generally, there are three primary ways tumors
can spread - by local extension from the tumor
to the adjacent tissues, through the circulatory
system to distant sites or through the lymphatic
vessels to local or distant lymph nodes. Lymph
node metastasis (LNM) is one of the most important prognostic factors for various cancers.
However, for some cancers, PNI may be the major route of metastatic spread [3]. Pancreatic
cancer is one of the very few cancers that
spread along nerves (PNI). PNI is considered as
an important factor of aggressive tumor behavior and it is associated with local recurrence and
poor outcome of pancreatic cancer [4, 5]. Currently, previous researches have been carried
out to assess the potential prognostic value of
molecular markers in predicting whether the
presence of LNM and PNI. However, to date, it
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appears little progress has been made in the
understanding of molecular mechanisms involved in pathogenesis of metastasis and invasion.
Previous study has found that expression of the
c-Myc oncogene or its protein product, c-Myc,
was elevated in pancreatic cancer. It was reported, for instance, high frequencies of c-Myc
over-expression ranging from 43.5% to 70.2% of
primary pancreatic cancer [6], indicating that its
activation may be essential during carcinogenesis. In addition, the correlation between the expression of c-Myc and either metastasis or a
poor prognosis has been reported for various
cancers [7, 8]. However, a recent study showed
that there was no correlation between c-Myc
protein over-expression and tumor stage or
lymph node status in pancreatic cancer [9]. In
addition, to date, few studies reported on the
research of the correlation between expression
of c-Myc and PNI.
Defective apoptosis mechanism played an important role in carcinogenesis and progression
in many human cancers, such as lung cancer
[10], breast cancer [11] , colorectal carcinoma
[12] and pancreatic cancer [13]. There were
increasing experimental evidence showing that
decreased expression of Fas favored malignant
progression by reducing the cancer cell apoptosis [14]. Currently, Fas and Fas ligand were
recognized as a major pathway for the induction
of apoptosis. However, it has not yet been fully
elucidated regarding whether Fas can be used
as a significant prognostic biomarker for patients with pancreatic cancer. Furthermore, it
was unclear whether there was a correlation
between expression of Fas and PNI or not.
In the present study, we detected the expression
of c-Myc, Fas in pancreatic cancer tissues and
paracancerous tissues by immunohistochemistry, and investigated the role of the c-Myc and
Fas in the carcinogenesis, LNM and PNI of pancreatic cancer.
Materials and methods
Patients and tissue microarray construction
Pancreatic cancer tissue samples, mainly adenocarcinoma, were collected from 162 patients
who underwent pancreatic surgical resection
between 1995 and 2009, and the samples
were stored at the biobank center in National

340

Engineering Center for Biochip at Shanghai. 162
patients with both complete clinical data and
adequate tissue for inclusion in this study were
identified. All of the tissue specimens were obtained for the present study with patient informed consent, and Ethical approval for the
study was obtained from the ethical committee
of biobank center related hospitals.
Pancreatic cancer tissue microarrays were constructed using tissue cores from formalin-fixed,
paraffin-embedded specimens as previously
described [15], Representative tumor regions
and its paracancerous nonmalignant pancreatic
specimens (NMPs) were selected by pathologists from each tissue block, and a single
0.6mm core was taken from every donor block.
Microarray blocks were constructed using an
automated tissue arrayer (Beecher Instruments,
Sun Prarie, WI). Five-micron sections were cut
from the array blocks. In all cases, cores were
also from taken normal adjacent pancreas for
use as internal controls. Sections were then
stained with H&E to confirm the presence of
tumor within each core, and immunohistochemical analysis of expression of c-Myc and Fas were
performed as described below.
Immunohistochemistry and scoring
The TMA slides were heated at 55°for 15 min,
deparaffinized and rehydrated in an ethanol
gradient, washed with Tris-buffered saline, and
processed using a streptavidin– biotin–
peroxidase complex method. Antigen retrieval
was performed 10 minutes at high temperature
under high pressure in sodium citrate buffer (pH
6), followed by 3% hydrogen peroxide in PBS,
followed by 3 x 5 min PBS. After quenching of
endogenous peroxidase activity and blocking of
nonspecific binding, 2 antibodies (c-Myc, Santa
company, polyclone antibody, expression in cytoplasm and cytomembrane; Fas, Abcam company, monoclonal antibody, expression in cytoplasm) were added at a special dilution,
1:8000, 1:200 respectively, after which slides
were incubated with primary antibody overnight
in a humid chamber at 4°C. The corresponding
secondary biotinylated rabbit antibody was used
at a special dilution for 30 minutes at room temperature. After further washing with Trisbuffered saline, sections were incubated with
StrepABComplex/horseradish peroxidase
(1:100, DAKO) for 30 minutes at room temperature. Chromogenic immunolocalization was performed using 0.05% 3,3-diaminobenzidine tet-
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rahydrochloride. Slides were counterstained
with diluted hematoxylin before dehydration and
mounting. Other cores containing pancreatic
cancer served as positive controls for those
genes expression. Normal serum was used in
the place of primary antibody as a negative control.
The immunostained tissue microarray sections
were analyzed by a pathologist. The expression
of c-Myc and Fas was assessed according to the
percentage of staining as follows: 1, 0 points for
no staining; 2, 1 point for < 20%; 3, 2 points for
20-75%; 4, 3 points for > 75% of cancer tissue
stained, as described previously [16]. The intensity of staining was graded on a scale of 0 to 3
(0, none; 1, weak, 2, intermediate; and 3
strong). The total score was the product of the
score for the intensity and positive rate of staining (Staining index = intensity x positive rate). All
slides were analyzed by two independent observers who were blinded to each other’s findings. In cases of disagreement, a consensus
was reached by joint review.
Statistical analysis
The relationships between clinicopathological
parameters and PNI and LNM, between expression levels of these proteins and PNI and LNM
were studied using the χ2-test. Logistic regression analysis was used to determine the independent predictors of PNI. Statistical significance was determined by a two-tailed with P
value < 0.05. Statistical analysis was carried
out using the SPSS software package (version
17.0).
Results
Patient characteristics
As shown in Table 1, the sample consisted of
162 patients with a diagnosis of pancreatic cancer. These include 102 male and 60 female
patients with a mean age of 59 year-old (range
34 to 85 year-old). The median tumor size was 4
cm (range 0.5 to 14 cm). According to the 6th
edition of American Joint Committee on Cancer
staging system (AJCC staging system), 80 cases
were in stage I, 80 in stage II, none in stage III,
and 2 in stage IV. 65 of 162 cases were with
local and distant lymph node metastatic, 83 of
162 cases with PNI. Most tumors (117/162,
72%) were well differentiated, 8 (8%) were moderately differentiated, and 31 (19%) were poorly
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Table 1. Characteristics of patients and
tumors
Age (years)
<60
≥60
Gender
female
male
Long diameter of
tumor (cm)
<4
≥4
Tumor location
head
body and rear
Nodal status
Negative
Positive
Perineural Invasion status
Negative
Positive

Median (range)
59(34-85)

n(%)
89 (54.9%)
73 (45.1%)
60 (37%)
102 (63%)

4(0.5-14)
74 (45.7%)
88 (54.3)
11 (72.2%)
45 (27.8%)
97 (59.9%)
65 (40.1%)
79 (48.8%)
83 51.2%)

differentiated.
A clinicopathologic analysis of these 162 patients was carried out. We evaluated the relationships of the clinicopathological factors with
the presence of LNM and PNI. The following
data were collected for each patient: gender,
age (< 60 years or ≥ 60 years), tumor location
(head or body and rear), long diameter of tumor
(< 4.0 cm or ≥ 4.0 cm), and American Joint
Committee on Cancer stage. Our results showed
that there was a significant association between
LNM and tumor location (P = 0.03). However, no
significant association was observed between
LNM and age, gender and long diameter of tumor (P > 0.05). In addition, there was no significant association between PNI and age, gender,
tumor location and long diameter of tumor (P >
0.05) (Table 2).
Expression of c-Myc and Fas in pancreatic
cancer tissues and paracancerous tissues
The c-Myc was mainly localized to the cytoplasm
and minority of c-Myc staining was localized to
the cytomembrane, and Fas staining was localized to the cytoplasm. There were significant
differences in the expression levels of c-myc and
Fas between cancer tissues and paracancerous
tissues (P < 0.0001). The result showed that
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Table 2. Associations between the various clinicopathological factors and the presence of LNM and PNI
Features
Age(years)
Gender
Localtion
Size
Differentiation

60

NO. of
patients
89

60
female
male
head
body/rear
4
4
Poor
Moderate/Well

73
60
102
117
45
74
88
31
131

LNM
Positive
n = 65

Negative
n = 97

39

50

26
22
43
53
12
33
32
11
54

47
38
59
64
33
41
56
20
77

p-value

PNI
Positive
n = 83

Negative
n = 79

p-value

NS

41

48

NS

42
28
55
59
24
38
45
17
66

31
32
47
58
21
36
43
14
65

NS
P = 0.03
NS
NS

NS
NS
NS
NS

LNM: Lymph node metastasis; PNI: perineural invasion; NS: not significant

Figure 1. Immunohistochemical expression of c-Myc and Fas in pancreatic cancer tissue and paracancerous tissue. A
shows positive expression of c-Myc in the cancer tissue (Original magnification x 200). B shows the negative expression of c-Myc in the paracancerous tissue (Original magnification x 200). C shows negative expression of Fas in the
cancer tissue (Original magnification x 200). D shows positive expression of Fas in the paracancerous tissue (Original
magnification x 200).

expression level of c-Myc was higher in cancer
tissues than those in paracancerous tissues. In
contrast, the expression level of Fas was lower
in cancer tissues than that in paracancerous
tissues (Figure 1).
Correlation between perineural invasion
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and c-Myc and Fas staining in pancreatic
cancer tissue.
The analysis showed that the cytoplasm expression of c-Myc was significantly positive correlation with PNI (P = 0.002). The difference remained significant even after adjusted for age,
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Table 3. Associations between the expression of genes and the presence of LNM and PNI

Variables
c-Myc
high-expression
low-expression
Fas
high-expression
low-expression

NO.of patients

PNI
Positive
n = 83

Negative
n = 79

127
35

73
10

54
25

14
148

3
80

11
68

LNM
Positive
n = 65

Negative
n = 97

P = .002

46
19

81
16

NS

P = .033

3
62

11
86

NS

p-value

p-value

LNM: Lymph node metastasis; PNI: perineural invasion; NS: not significant

gender, cancer location and long diameter of
tumor (P = 0.029). In contrast, cytoplasm expression level of Fas in cancer tissues was
negatively correlated with PNI (P = 0.033). However, there was no significant difference between expression of Fas and PNI after adjusted
for age, gender, cancer location and long diameter of tumor (P = 0.081). In addition, no correlation was observed between cytomembrane expression of c-Myc and PNI (P > 0.05) (Table 3).
Correlation between lymph node metastasis
and c-Myc and Fas staining in cancer tissue.
Between the two groups with or without LNM,
we examined a possible association between
LNM and expression of c-Myc and Fas. The result demonstrated that there was no significant
association between LNM and expression levels
of above two variables (P > 0.05) (Table 3).
Independent factors for perineural invasion
The statistical analysis showed that cytoplasm
expression levels of c-Myc and Fas were all significantly related with PNI. In an attempt to identify which variable was the independent risk
factor of PNI, we performed logistic regression
analysis. The results showed that cytoplasm
expression of c-Myc in cancer tissues acted as
an independent risk factor for PNI (P < 0.05).
Discussion
In recent years, molecular biomarkers for metastasis have been indentified in various cancers. Because biomarkers can be analyzed in a
noninvasive and economic way, it is worth to
find out more potential biomarkers for early diagnosis and prognosis of pancreatic cancer.
Recent studies have shown that deregulation of
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oncogenes, tumor suppressor and genome
maintenance genes, up-regulation of growth
factors/growth factor receptor signaling cascade systems, and aberrant expression of apoptosis-regulating genes play crucial roles in the
process of metastasis.
We performed this study to verify whether the
high-expression of c-Myc in pancreatic tumor
tissue may give rise to a high rate of LNM and
PNI or not. Our study showed that the expression level of c-Myc was higher in cancer tissues
than paracancerous tissues, and cytoplasm expression of c-Myc was significantly positive correlation with PNI (P = 0.002). The result suggested that the over-expression of c-Myc played
an important role in the process of pancreatic
tumorigenesis and invasion. Furthermore, cytoplasm expression of c-Myc in cancer tissue
acted as an independent risk factor for PNI (P =
0.022). Therefore, c-Myc may be considered as
a useful marker for metastasis and prognosis of
pancreatic cancer. The precise mechanism of
the c-Myc in tumorigenesis and invasion has
remained elusive. The proto-oncogene c-Myc
belongs to the family of myc genes and encodes
a transcription factor that regulates cell proliferation, growth and apoptosis. Dysregulated
expression of c-Myc found in various human
tumors including lung cancer [17, 18], breast
cancer [19], colon cancer [17], prostate cancer
[20], liver cancer [21] and pancreatic cancer
[22], and is often associated with poor prognosis [23]. The basic result showed that the effects of c-Myc on tumorigenesis have been
mainly attributed to its ability to coordinate gene
transcription [24].
In addition, c-Myc acted as a downstream transcriptional effector of many signaling pathways
involved in pancreatic carcinogenesis. It was
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regulated at multiple levels and its overexpression contributed to the genesis of cancer
[25]. For example Malte et al [26] demonstrated
that ectopic activation of NFATc1 and the Ca2+/
calcineurin signaling pathway was an important
mechanism of oncogenic c-Myc activation in
pancreatic cancer. However, so far only few research on the PNI, LNM and poor prognosis
value of c-Myc over-expression have reported in
pancreatic cancer. To the best knowledge, this
was the first study to demonstrate overexpression of c-Myc was significantly positive
correlation with PNI in pancreatic cancer. However, our study demonstrated that no significant
association was observed between LNM and the
expression level of c-Myc (P > 0.05), which was
consistent with some previous studies [9].
These results indicated that different mechanisms may be involved in the pathogenesis of
LNM and PIN.
Furthermore, our results showed that there was
significant difference in the expression of Fas
between cancer tissues and paracancerous
tissues (P < 0.0001). Analysis showed that Fas
was lower in cancer tissues than paracancerous
tissues. The results in current study suggested
that Fas played an important role in the development of pancreatic cancer. According to the biology behavior and function of Fas, The pathogenesis of cancer might be associated with the
abnormal regulation of apoptosis of Fas. We all
known that Fas was best known for its ability to
induce apoptosis but can also promote tumorigenesis in apoptosis-resistant tumor cells [27].
Down-regulation of Fas expression in pancreatic
cancer cells may be sufficient to confer resistance to Fas mediated apoptosis. Tang et al [28]
reported that Fas up-regulated mediator of
apoptosis promote tumorigenesis. However, in
one study, the results suggested that pancreatic
cancer cells were resistant to Fas-mediated
apoptosis by mechanisms excluding receptor
down-regulation or Fas-associated phosphatase
up-regulation and raise the possibility that Fasmediated apoptosis may be dependent on the
activation of the JNK/p38 MAPK pathway in
these cells. In addition, Bernstorff et al [13]
reported that loss of Fas expression in pancreatic adenocarcinoma significantly correlated
with extrapancreatic spread of the tumors and
was associated with a shorter overall survival.
Recently, a transcriptional analysis of perineural
invasive PDAC cell lines has resulted in an extensive list of putative genes involved in per-
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ineural infiltration [29]. A series of studies found
that Fas can activate a number of non-apoptotic
pathways that stimulate invasion [30-32]. The
present study showed that cytoplasm expression level of Fas in cancer tissues was negatively correlated with PNI (P = 0.033). Taken
together, Fas may be also considered as a potential marker for PNI and prognosis of cancer.
Currently, there were few studies reported on
the association between the expression of Fas
and the PNI. Therefore, our result in this study
could promote to understand the molecular
mechanism of PNI. However, in this study, the
statistically analysis showed that there was no
significant association between LNM and expression level of Fas (P > 0.05). The result was
not consistent with a previous finding that significant association was observed between expression level of Fas and LNM (P < 0.0001 )
[33]. It may be partly due to small sample size
involved in this study. Therefore, further studies
will be necessary to determine whether Fas is a
useful predictive factor for metastasis of pancreatic cancer.
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