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Abstract: The identification of molecular prognostic markers for pancreatic cancer patients could provide insightful 
information for their management in the clinic. The aim of the study is to investigate whether or not the expres-
sions of c-Myc and Fas (CD95/APO1) have prognostic relevance for overall survival (OS) in patients with pancreatic 
cancer. we used immunohistochemistry on tissue microarrays containing 162 pancreatic cancer specimens to as-
sess the protein expression levels of c-Myc and Fas. Kaplan-Meier survival analysis demonstrated that high level 
of c-Myc cytoplasmic expression was significantly correlated with worse survival in patients with pancreatic cancer 
(P = 0.012), while high level of Fas cytoplasmic expression was significantly associated with better outcome of 
pancreatic cancer (P = 0.046). However, multivariate Cox model analysis showed that tumor differentiation, lymph 
node status and c-Myc cytoplasmic expression were significant independent prognostic factors for OS (P < 0.001, P 
= 0.023, P = 0.001, respectively). On the contrary, Fas cytoplasmic expression did not independently influence pa-
tient’s prognosis (P = 0.249). Our data suggested that high level of c-Myc cytoplasmic expression may be considered 
as a valuable marker for prognosis of pancreatic cancer.
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Introduction

Pancreatic cancer is a fourth or fifth leading 
cause of cancer-related death for both men 
and women in the western world [1, 2]. For all 
stages combined, the 5-year survival rates is < 
5% if left untreated [3]. Complete surgical 
resection is the only chance for long-term sur-
vival, improving five-year relative survival rates 
to 25-35% after surgery [4, 5]. Unfortunately, 
because pancreatic cancer is often advanced 
at the time of diagnosis, only 15 to 20 out of 
every 100 diagnosed cases can be considered 
candidates for potentially curative resection 
[6]. Although there has been a remarkable 
improvement in the treatment of the disease, 
the prognosis in patients with pancreatic can-
cer remains extremely poor.

Identification of prognostic factors may provide 
useful information for clinical management. 

The current prognosis prediction for pancreatic 
cancer very greatly depend on the TNM staging 
system (Tumor, Node, Metastasis), However, 
prognosis varies among patients with a similar 
tumor stage, therefore the TNM classification 
alone can not accurately predict the outcome 
for individual patients. Over recent years, 
researchers have extensively investigated the 
potential predictive molecular markers, and 
also have identified some molecular markers 
are significantly correlated with clinicopatho-
logical variables and survival rates of pancre-
atic cancer [7-9]. So far, however, no prognostic 
and predictive molecular marker in pancreatic 
cancer is recommended in clinical practice.

Previous studies have demonstrated that aber-
rant expressions of c-Myc and Fas (CD95/
APO1) have been described in multiple malig-
nancies and implicated in the pathogenesis of 
various malignancies, which include epithelial 
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malignancies as well as pancreatic cancer [10-
12]. Many studies have shown a significant 
association between the over-expression of 
c-Myc and poor prognosis in numerous tumor 
types [13, 14], whereas some other reports do 
not find such a relationship [15, 16]. Moreover, 
a recent study has shown that higher levels of 
c-Myc mRNA in breast cancer are correlated 
with better survival [17]. Currently, the final 
prognostic value of the c-Myc expression with 
respect to overall survival in pancreatic cancer 
remains uncertain. In addition, only a few stud-
ies regarding the expression of Fas in human 
pancreatic cancer tissues have been reported, 
and the available data for prognostic value of 
Fas in pancreatic cancer is very limited. 
Recently, a previous study showed that the 
over-expression of c-Myc and low-expression of 
Fas were significantly correlated with the PNI of 
pancreatic cancer [18]. Consequently, we spec-

ulated that the expressions of c-Myc and Fas 
may have potential prognostic value in patients 
with pancreatic cancer. Therefore, in order to 
clarify our thought, we performed an immuno-
histochemical study on 162 pancreatic cancer 
using tissue microarrays technology. In addi-
tion, we also examined the association of c-Myc 
and Fas expression with each other and their  
association with patient clinicopathological 
characteristics.

Materials and methods

Patients and tissue samples

The paraffin-embedded samples from patients 
investigated in this study were collected retro-
spectively from archival material stored in the 
biobank center in National Engineering Center 
for Biochip at Shanghai. Samples included a 
total of 162 patients who had undergone a 
resection surgery between 1995 and 2009. 
Written informed consent for the tissue speci-
mens was received from all participants, and 
the study was approved by the ethical commit-
tee of biobank center related hospitals.

The following clinicopathological data was 
obtained from original pathology reports, 
including age, gender, tumor size, location, and 
invasion, LN metastases, grade of differentia-
tion, and tumor stage. Staging of pancreatic 
cancer were assessed according to the 
American Joint Committee on Cancer (AJCC) 
criteria. A detailed description of clinical and 
pathological data of these 162 patients is pro-
vided in Table 1.

All follow-up times was measured from the date 
of surgery to patient’s death from pancreatic 
cancer. Unfortunately, at the time of last follow-
up ended in December 2011, 92 patients were 
lost to follow-up and excluded from the 5-year 
survival analysis, only 70 patient samples were 
available for the survival analysis. Among 
remaining 70 patients, 46 patients died during 
the follow-up period.

Tissue microarray construction

Tissue microarrays (TMAs) were constructed 
using appropriate tissue cores from formalin-
fixed and paraffin-embedded (FFPE) samples 
as previously described [19]. Briefly, appropri-
ate tumor areas and its corresponding non-

Table 1. Characteristics features of the 162 
patients with pancreatic cancer
Clinicopathologic features Number Percentage (%)
Age (years)
    < 60 89 54.9
    ≥ 60 73 45.1
Gender
    female 60 37
    male 102 63
Size (cm)
    < 4 74 45.7
    ≥ 4 88 54.3
Location 
    head 117 72.2
    body and rear 45 27.8
Differentiation
    well 117 72.2
    moderate 14 8.7
    poor 31 19.1
Nodal status
    Negative 97 59.9
    Positive 65 40.1
Perineural Invasion status
    Negative 79 48.8
    Positive 83 51.2
Stage
    stage I 80 49.4
    stage II 80 49.4
    stage III 0 0
    stage IV 2 1.2
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tumor pancreatic samples were selected by the 
pathologists, and then a single core with a 
diameter of 0.6 mm was taken from each case. 
TMA blocks were constructed using an auto-
mated tissue arrayer (Beecher Instruments, 
Sun Prarie, WI). The array blocks were cut into 
five-micron sections, and then Sections were 
stained with hematoxylin-eosin to verify the 
presence of tumor cells. In all cases, tissue 
cores obtained from normal adjacent pancreas 
were severed as internal controls.

Immunohistochemistry and scoring

The TMA sections were deparaffinized in xylene, 
rehydrated with graded ethanol, washed in Tris-
buffered saline. Antigen retrieval was conduct-
ed at high temperature under high pressure in 
sodium citrate buffer (pH 6) for 10 minutes. 
After quenching of endogenous peroxidase 
activity, c-Myc polyclone antibody (Santa com-
pany, expression in cytoplasm and cytomem-
brane) and Fas monoclonal antibody (Abcam 

company, expression in cytoplasm) was used at 
1:300 dilution, respectively, and then speci-
mens were incubated with the antibodies over-
night at 4°C. Slides were then incubated with 
an appropriate dilution of the corresponding 
secondary biotinylated rabbit antibody for 30 
minutes at room temperature. And then slides 
were washed 3 times in Tris-buffered saline 
and incubated in streptavidin-horseradish per-
oxidase (1:100, Dako) at room temperature for 
30 minutes. Chromogenic immunolocalization 
was conducted using 3,3-diaminobenzidine 
(Dako, inc, CA, USA). Slides were then counter-
stained with hematoxylin. After washing, slides 
were dehydrated, and then mounted with cov-
er-slips. Other tissue cores containing pancre-
atic cancer tissues used as positive controls. 
The negative control consisted of normal serum 
substituted for primary antibody.

Each slide was scored semi-quantitatively on 
the basis of percentage and intensity of stain- 
ed normal or neoplastic epithelial cells as 

Figure 1. Immunohistochemical staining of c-Myc and Fas in human pancreatic cancer tissues and paracancerous 
tissues. A: Showing the positive expression of c-Myc in cancer tissues. B: Showing the negative expression of Fas 
in cancer tissues. C: Showing the negative expression of c-Myc in paracancerous tissues. D: Showing the positive 
expression of Fas in paracancerous tissues. All images were taken at 100× magnification.
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described previously [20]. The percentages of 
stained cells were scored as following: 0 points 
for no staining; 1 point for < 20%; 2 points for 
20-75%; 3 points for > 75% of cells stained. The 
intensity of staining was graded on the follow-
ing scale: 0, negative; 1, low; 2, moderate; and 
3, strong intensity. The total score was the 
product of the scores for the intensity and posi-
tive rate of staining. In this study, a final total 
score of 0-4 and 5-9 in c-Myc expression was 
considered to be low or high expression, while a 
total score > 2 in Fas expression was defined 
as high-expression. The stained TMA slides 
were scored independently by two experienced 
pathologists in a blinded manner.

Statistical analysis

Associations between clinicopathological pa- 
rameters and expressions of c-Myc and Fas 
were compared using the χ2-test. Relationship 
between c-Myc and Fas protein expressions 
were compared using the Spearman correla-
tion coefficient analysis. Overall survival was 
calculated and survival curves were plotted 
using Kaplan-Meier method, and the differenc-
es between groups were compared using log-

rank test. The significant variables in univariate 
models were further analyzed by the multivari-
ate Cox proportional hazards regression mod-
els for independent prognostic value. All analy-
ses were performed using the SPSS software 
package (SPSS Inc, Chicago, IL, USA, version 
17.0). All tests were two-sided and P values < 
0.05 were considered statistically significant.

Results

Expression of c-Myc and Fas in pancreatic can-
cer tissues and paracancerous tissues

Immunohistochemistry staining showed that 
c-Myc protein was mainly located in the cyto-
plasm of the cell, but also a small fraction 
(11.7%) was detected in the cell membrane. 
While, staining of Fas was detected only in the 
cytoplasm of the cell. The representative photo-
graphs were shown in Figure 1. In the present 
study, we found a significant increase of c-Myc 
expression in pancreatic cancer tissues com-
pared with paracancerous tissues (P < 0.001). 
On the contrary, the expression level of Fas was 
significantly decreased in cancer tissues com-
pared with paracancerous tissues (P < 0.001).

Table 2. Associations between the various clinicopathological factors and the expression of c-Myc 
and Fas

c-Myc cytoplasmic expression Fas cytoplasmic expression
Features NO. of cases High Low p-value High Low p-value
Age (years) < 60 89 50 39 0.296 54 35 0.686

≥ 60 73 35 38 42 31
Gender female 60 30 30 0.629 31 29 0.131

male 102 55 47 65 37
Location head 117 59 58 0.401 68 49 0.634

body/rear 45 26 19 28 17
Size (cm) < 4 74 39 35 0.956 46 28 0.490

≥ 4 88 46 42 50 38
Differentiation poor 31 13 18 0.192 22 9 0.140

moderate/well 131 72 59 74 57
LNM positive 65 32 33 0.499 37 28 0.620

negative 97 53 44 59 38
PNI positive 83 51 32 0.019* 42 41 0.022*

negative 79 34 45 54 25
Stage stage I 80 35 45 0.048* 48 32 0.952

stage II 80 48 32 47 33
stage IV 2 2 0 1 1

Note: LNM: Lymph node metastasis; PNI: perineural invasion. *C-Myc had significantly higher cytoplasmic expression level in 
patients with PNI (P = 0.019) and high stage (P = 0.048) than those in patients with low stage and without PNI. Fas had signifi-
cantly lower cytoplasmic expression level in patients with PNI (P = 0.022) than those in patients without PNI.
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Relationships between expression of c-Myc 
and Fas and clinicopathological features in 
pancreatic cancer

The cytoplasmic expression of c-Myc was sig-
nificantly increased in pancreatic cancers with 
high tumor stage and with perineural invasion 
(PNI) (P = 0.019, P = 0.048, respectively), while 
no significant difference was observed between 
the cell membrane expression of c-Myc and all 
the clinicopathological features (all P > 0.05). In 
addition, the cytoplasmic expression level of 
Fas tended to be lower in pancreatic cancers 
with PNI than in those without (P = 0.022). 
However, the results showed that there was no 
significant correlation between the cytoplasmic 
expressions of c-Myc and Fas and the other 
variables, including age, gender, tumor size, 
location, grade of differentiation and lymph 
node status (all P > 0.05; Table 2).

Relationship between c-Myc and Fas expres-
sion in pancreatic cancer

The results showed that both the cytoplasmic 
expression and cell membrane expression of 
c-Myc were not significantly correlated with the 
cytoplasmic expression of Fas in pancreatic 
cancer tissues (r = 0.091, r = 0.037, respec-
tively; P = 0.248, P = 0.641, respectively; Table 
3). In addition, no significant correlation was 
found between the c-Myc expression in cyto-
plasm and in cell membrane (r = 0.107, P = 
0.174; Table 4).

Survival analysis

The median overall survival (OS) in the study 
cohort was 14 months. Kaplan-Meier analysis 

and location were not significantly associated 
with prognosis (data not shown).

In addition, the prognosis of pancreatic cancer 
patients with high c-Myc cytoplasmic expres-
sion was significantly worse than that of pan-
creatic cancer patients with low c-Myc cyto-
plasmic expression (P = 0.012; Figure 2A). 
Median survival times were 10.0 months for 
high cytoplasmic c-Myc expression and 37.0 
months for low cytoplasmic c-Myc expression. 
After stratification of patients according to 
AJCC stage, high c-Myc cytoplasmic expression 
remained a significant predictor of poor surviv-
al in stage I (P = 0.005). In contrast, patients 
with high Fas cytoplasmic expression had sig-
nificantly better outcomes than those with low 
Fas cytoplasmic expression ones (high expres-
sion: median 33.0 months, low expression: 
median 10.0 months, P = 0.046; Figure 2B). 
However, there was no significant correlation in 
prognosis of pancreatic cancer between the 
patients with high c-Myc cell membrane expres-
sion than those with low c-Myc cell membrane 
expression (P = 0.183).

Furthermore, variables that were significantly 
associated with OS in univariate analysis were 
included in Cox proportional hazards multivari-
ate regression analysis. The analysis demon-
strated that poor differentiation [hazard ratio 
(HR), 3.98; 95% CI, 1.92-8.23; P < 0.001, LNM 
(HR, 3.30; 95% CI, 1.17-9.26; P = 0.023) and 
high c-Myc cytoplasmic expression (HR, 3.36; 
95% CI, 1.69-6.66; P = 0.001) were indepen-
dently correlated with increased risk of death, 
whereas Fas cytoplasmic expression (HR, 1.43; 
95% CI, 0.77-2.63; P = 0.249) and tumor stage 

Table 3. Relationship between c-Myc and Fas protein expression
c-Myc cytoplasmic expression c-Myc cell membrane expression
High Low p-value High Low p-value

Fas cytoplasmic expression High 54 42 0.248 3 93 0.641
Low 31 35 3 63

Table 4. Relationship between cytoplasmic and cell membrane 
expression of c-Myc

c-Myc cytoplasmic 
expression

High Low p-value
c-Myc cell membrane expression High 5 1 0.174

Low 80 76

demonstrated that LNM, grade of 
differentiation and AJCC stage 
were negatively significant prog-
nostic predictors for overall sur-
vival of pancreatic cancer (P = 
0.01, P = 0.003, P = 0.036, 
respectively), whereas, the other 
clinicopathological characteristics 
including age, gender, tumor size 
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(HR, 1.05; 95% CI, 0.39-2.82; P = 0.123) were 
not statistically significant (Table 5).

Discussion

Finding molecular biomarkers useful for pre-
dicting outcomes of pancreatic cancer patients 
could provide important information for man-
agement in the clinic. The present study dem-
onstrated that both the aberrant cytoplasmic 
expressions of c-Myc and Fas were significantly 
correlated with OS in patients with resected 
pancreatic cancer. Multivariate survival analy-
sis showed that high cytoplasmic expression 
level of c-Myc protein was the independent fac-
tor predicting decreased overall survival. 
However, Fas protein expression level lost its 
independent prognostic power on multivariate 
analysis for OS.

The c-Myc is a member of the MYC family of 
transcription factors, which also includes 

the present study, we found that the expression 
level of c-Myc was higher in pancreatic cancer 
tissues than that in paracancerous tissues. Our 
results were in agreement with previous reports 
that c-Myc was a very strong proto-oncogene 
and involved in the genesis of pancreatic can-
cer [10]. Fas belongs to a member of the death 
receptor subfamily of the tumor necrosis factor 
(TNFR) superfamily, and it is involved in apop-
totic cell death. Previous studied have showed 
that down-regulation or loss of Fas expression 
has been also observed in many types of 
human cancer. Our data demonstrated that the 
expression level of Fas was lower in pancreatic 
cancer tissues than that in paracancerous tis-
sues. The data presented here confirmed previ-
ous reports that absence or low-expression of 
Fas contributed to the pathogenesis of pancre-
atic cancer, and supported the idea that cancer 
cells might be resistant to apoptosis induced by 
the loss or low-expression of Fas protein. 
Moreover, our present results showed that high 

Figure 2. Kaplan-Meier curves show that high cytoplasmic expression level of c-Myc (A) was significantly correlated 
with worse survival of patients with pancreatic cancer, while high cytoplasmic expression level of Fas (B) was signifi-
cantly associated with better survival (n = 70; P = 0.012, P = 0.046, respectively; log rank test).

Table 5. Multivariate Cox regression analysis of potential prog-
nostic factors for survival of pancreatic cancer
variables HR 95% CI P-value
Differentiation, poor v moderate/well 3.98 1.92-8.23 < 0.001*

Stage, II v I 1.05 0.39-2.82 0.922
LNM, yes v no 3.3 1.17-9.26 0.023*

c-Myc cytoplasmic expression, high v low 3.36 1.69-6.66 0.001*

Fas cytoplasmic expression, low v high 1.43 0.77-2.63 0.249
Note: HR: hazard ratio; CI: confidence interval; LNM: Lymph node metastasis. *P 
< 0.05, statistically significant.

N-Myc and L-Myc. Mounting evi-
dence suggests that c-Myc par-
ticipates in most aspects of cel-
lular function, including meta- 
bolism, growth, differentiation, 
apoptosis, adhesion, and migra-
tion [21]. Previous studies have 
demonstrated that the amplifi-
cation and/or over-expression of 
c-Myc are frequently detected in 
various cancer cells including 
pancreatic cancer [22-24]. In 
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level of c-Myc cytoplasmic expression and low 
level of Fas cytoplasmic expression were signifi-
cantly correlated with PNI. These findings sug-
gested that the aberrant expression of c-Myc 
and Fas played important roles not only in the 
pancreatic tumorigenesis, but also in the pro-
gression of pancreatic cancer, and thereby con-
tributed to the poor clinical outcome.

With respect to prognosis, our results showed 
that high level of c-Myc expression was a highly 
significant independent predictor of reduced 
overall survival (HR, 3.36, 95% CI, 1.69 to 6.66, 
P = 0.001). Our data suggested that high cyto-
plasmic expression of c-Myc might be consid-
ered as a valuable marker for prognosis of pan-
creatic cancer. This result was consistent with 
the data of some previous studies. For exam-
ple, a report by Naidu et al [25] suggested that 
elevated c-Myc expression played an important 
role in breast cancer progression and might act 
as a potential prognostic marker for predicting 
the prognosis in patients with breast cancer. 
Schrader et al [26] also found a significant cor-
relation between c-Myc over-expression and 
poor prognosis in diffuse large B cell lymphoma 
(DLBCL). The date revealed that c-Myc was an 
independent negative prognostic factor in a 
subgroup of patients with DLBCL. However, 
Some studies do not find any association 
between c-Myc expression and prognosis [27]. 
Moreover, a recent study [17] showed that over-
expression of c-Myc was significantly correlated 
with a low incidence of LNM (P = 0.006) and 
increased DFS (P = 0.04). The results of this 
study suggested that tumors with higher 
expression level of c-myc were correlated with 
better survival. It is difficult to explain these 
inconsistent results. However, some research-
ers have suggested that c-Myc protein may 
induce cells to differentiation and apoptosis, 
and may suppress expression of vascular endo-
thelial growth factor in tumor cells. This may in 
part explain why over-expression of c-myc is 
correlated with a better outcome.

Similarly, some researchers have also found 
that Fas may be an independent prognostic fac-
tor in cancers. For instance, Macher et al. [28] 
constructed a tissue microarray containing 617 
patients with renal cell carcinoma (RCC) to 
investigate the relationship between the 
expression of Fas and prognosis of RCC. 
Authors found high expression of Fas was cor-

related with LNM and negatively associated 
with disease-specific survival. In multivariate 
analysis, the result identified high expression 
of Fas was a negative independent prognostic 
factor in RCC. However, some studies do not 
find any association between Fas expression 
and prognosis [29, 30]. Moreover, some other 
reports have demonstrated that high level of 
Fas expression was correlated with a worse 
prognosis. For instance, Sejima et al [31] con-
ducted a study using mRNA quantification and 
immunohistochemistry to investigate the 
expressions of Fas, Fas ligand (FasL) and Bcl-2 
in surgically resected tumors from 82 patients 
with renal cell carcinoma (RCC). Multivariate 
analysis showed that high level of Fas mRNA 
was significantly associated with poorer out-
come in patients with RCC (P = 0.0002). In this 
study, our data showed low cytoplasmic expres-
sion of Fas had significant impact on overall 
survival of pancreatic cancer, but no statisti-
cally significant association was found between 
Fas expression and OS in multivariate analysis. 
Moreover, there was no association between 
Fas cytoplasmic expression and tumor stage. 
Therefore, we agree with Markovic et al. [32] 
who demonstrated that Fas negativity was an 
unfavorable factor for therapy response and 
worse survival in univariate analysis in patients 
with diffuse large B-cell lymphoma (DLBCL),  
but Fas does not affect overall survival 
independently.

In conclusion, the results of this study suggest-
ed that the abnormal expression of c-Myc and 
Fas were two of the most crucial factors in the 
process of pancreatic tumorigenesis and pro-
gression, and both aberrant cytoplasmic 
expression of c-Myc and Fas were significantly 
correlated with OS of pancreatic cancer in uni-
variate analysis. Furthermore, multivariate 
analysis demonstrated that only cytoplasmic 
c-Myc expression was an independent prog-
nostic biomarker in patients with pancreatic 
cancer. These data contribute to further improv-
ing prognostic stratification of patients with 
pancreatic cancer and provide us with a poten-
tial molecular target for anticancer therapy. 
Currently, only few data are available regarding 
the prognostic impact of c-Myc and Fas expres-
sion in patients with pancreatic cancer after 
surgery. Therefore, more large population-
based studies with long-term follow-up are 
required to support our findings.
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