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Abstract
AIM: To study the correlations of Pancreas duodenal 
homeobox-1 with pancreatic cancer characteristics, 
including pathological grading, TNM grading, tumor 
metastasis and tumor cell proliferation.

METHODS: Reverse transcriptase-polymerase chain 
reaction (RT-PCR) was used to detect PDX-1 mRNA 
expression in pancreatic cancer tissue and normal 
pancreatic tissue. The expression of PDX-1 protein was 
measured by Western blot and immunohistochemistry. 
Immunohistochemistry was also used to detect 
proliferative cell nuclear antigen (PCNA). Correlations of 
PDX-1 with pancreatic cancer characteristics, including 
pathological grading, TNM grading, tumor metastasis 
and tumor cell proliferation, were analyzed by using χ2 
test.

RESULTS: Immunohistochemistry showed that 41.1% of 
pancreatic cancers were positive for PDX-1 expression, 
but normal pancreatic tissue except islets showed no 
staining for PDX-1. In consistent with the result of 
imunohistochemistry, Western blot showed that 37.5% 
of pancreatic cancers were positive for PDX-1. RT-PCR 
showed that PDX-1 expression was significantly higher in 
pancreatic cancer tissues than normal pancreatic tissues 
(2-3.56 ± 0.35 vs  2-8.76 ± 0.14, P  < 0.01). Lymph node metastasis 
(P  < 0.01), TNM grading (P  < 0.05), pathological grading 
(P  < 0.05) and tumor cell proliferation (P  < 0.01) were 
significantly correlated with PDX-1 expression levels.

CONCLUSION: PDX-1 is re-expressed in pancreatic 
cancer, and PDX-1-positive pancreatic cancer cells show 
more malignant potential compared to PDX-1-negative 
cells. Therefore, PDX-1-positive cells may be tumor stem 

cells and PDX-1 may act as alternate surface marker of 
pancreatic cancer stem cells.
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INTRODUCTION
According to the hypothesis of  cancer stem cells, only a 
rare, phenotypically distinct subset of  cells has the capacity 
of  forming new tumors and that this subgroup could be 
considered cancer stem cells, the other cells in cancers are 
filial generation of  these cells[1]. Recently, it was reported 
that cancer stem cells existed in some solid malignancies, 
including breast, brain, prostate and lung cancers[2-6]. 
Although the cellular origin of  cancer stem cells has not 
been definitively determined, evidence suggest that they 
may be derived from mutation of  somatic stem cells 
caused by interaction of  microenvironment, carcinogen 
and hereditary factors. Therefore, somatic stem cells and 
cancer stem cells may express the same surface markers[1].

It is reported that 90% of  pancreatic cancers originate 
from pancreatic ducts, and PanIN (pancreatic intraepithelial 
neoplasia), which is a precancerous lesion, also originates 
from pancreatic ducts[7,8]. In addition, signal molecules that 
regulate proliferation and differentiation of  embryonic 
stem cell are activated in human pancreatic cancers and 
mice model of  pancreatic cancer. Considering that there 
are pancreatic stem cells located in pancreatic ducts, it is 
possible that pancreatic cancer originates from these stem 
cells[9].

Pancreas duodenal homeobox-1 is a key transcription 
factor in embryonic pancreas development, it is critical 
for ensuring proper embryonic development of  the 
endocrine pancreas and normal islet function and act 
as a marker of  pancreatic stem cells[10]. PDX-1 is found 
in the mouse primitive gut as early as the stage of  8.5 
d, it directs the pancreatic stem cells differentiation by 
promoting expression of  molecules which are associated 
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with endocrine cells and exocrine cells development. At 
the stage of  13.5 d, the expression of  PDX-1 increased 
to promote expression of  molecules which are associated 
with endocrine cells differentiation, which plays a key 
role in beta cells maturation and differentiation[11]. In 
mature pancreas, PDX-1 is mainly expressed in beta 
cells other than ductal cells[12], but it was found to be re-
expressed in ductal cells in some conditions, such as 
partial pancreatectomy and pancreatitis, thereby suggesting 
that activation of  stem cells is located in the pancreatic 
duct[13-16].

We deduce that pancreatic cancer may originate 
from the mutation of  pancreatic stem cells located 
in the pancreatic ducts and PDX-1 may be activated 
extraordinarily in this process. To investigate whether 
PDX-1 is re-expressed in pancreatic cancer and its role 
in pancreatic cancer development, expression of  PDX-1 
was detected in pancreatic cancer tissues at protein and 
mRNA levels. At the same time, expression of  PCNA was 
determined, and also correlation of  PDX-1 expression 
with tumor characteristics was explored.

MATERIALS AND METHOD
Materials
Fifty-six pancreatic cancer patients (29 men and 27 
women, age ranged from 47 to 69 years) who underwent 
pancreaticoduodenectomy at Union Hospital, Wuhan, 
China between 2000 and 2004 were enrolled in this study. 
Lymph node metastasis was found in 36 of  56 (64.3%) 
patients. Of  56 samples, 17 were well-differentiated, 
21 were moderately differentiated and 18 were poorly 
differentiated. According to the criteria of  the TNM 
classification (UICC), 19 patients had stage I and II, 37 
patients had stage III and IV cancer. Six normal pancreas 
tissue samples were used as control.

Goat anti-PDX-1 monoclonal antibody was purchased 
from Santa Cruz, USA. Rabbit anti-PCNA monoclonal 
antibody was purchased from Boster, China. S-P 
immunohistochemistry kit was from Zymed, USA, and 
DAB coloration kit was from Zhongshan Biotec, China.

Immunohistochemistry
Samples  were  f ixed  in  4% phosphate -buf fered 
paraformaldehyde overnight at 4℃, dehydrated in ethanol, 
embedded in paraffin, cut into 3-µm thick sections, and 
stained with H&E. S-P immunohistochemistry was used to 
detect the expression of  PDX-1 and PCNA. Cells stained 
with brown yellow in cytoplasm were defined as positive. 
Ten optical fields at 400 × magnification were randomly 
selected in each slide, and 50 cells were counted in every 
field. Sections with less than 15% positive cells were 
defined as negative and that with ≥ 15% positive cells 
were defined as positive.

Real-time PCR analysis
Total RNA was extracted separately from tissues with 
TRIZOL reagent following the manufacturer's instruc-
tions. For reverse transcription, 4 µL of  total RNA and 0.5 
µL of  Oligo (dt) were added to 6.5 µL of  distilled water, 

annealed for 5 min at 70℃ and immediately cooled on 
ice. Then 4.0 µmol/L 5 × first strand buffer, 2.0 µL of  10 
mmol/L dNTP, 0.5 µL of  RNasin and 0.5 µL of  RTase 
were added to get a total reaction volume of  20 µL. The 
reaction was allowed to proceed at 37℃ for 60 min, then at 
95℃ for 5 min to inactivate the enzyme. In real-time PCR, 
each assay was repeated three times. The total PCR volume 
consisted 1 µL of  cDNA, 1 µL of  SYBRGreen PCR I,  
5 µL of  10 × buffer, 1.6 µL of  primers (PDX-1: 5'-CTTG
GGTATGGATCTGTGG-3' and 5'-CGGACTCATCGTA
CTCCTGCTT-3'; beta-actin: 5'-CCATCATGAAGTGTG
ACGTGG-3' and 5'-GTCCGCCTAGAAGCATTTGCG-
3'), 7 µL of  MgCl2, 0.5 µL of  Taq DNA Polymerase, 1 µL 
of  dNTP and 33 µL of  distilled water. After denaturation 
of  the enzyme for 2 min at 94℃, the PCR assays were 
carried out for 45 amplification cycles, each cycle consisted 
of  denaturation at 94℃ for 30 s, annealing at 57℃ for 
30 s and extension at 72℃ for 30 s. Fluorometric PCR 
was performed with the FTC-2000 System. Relative gene 
expression was determined by calculating the ratio of  each 
transporter protein gene and β-actin.

Western blot
Total protein was obtained from tissues as previously 
described[14]. Briefly, tissue was lysed in 50 mmol/L Tris 
(pH 7.5), 0.3 mol/L NaCl, 5 mL/L Triton X-100, 1 g/L 
sodium azide, with a cocktail of  antiprotease (chymostatin, 
leupeptin, aprotinin, pepstatin (CLAP), 100 µmol/L 
each; Sigma Aldrich). Then protein samples (50 µg) 
were separated on 100 g/L SDS-PAGE and transferred 
from gel onto nitrocellulose membrane and blocked in a 
blocking solution (50 g/L dry milk and 3 mL/L Tween 
20 in PBS) for 1 h. Membranes were then incubated 
with goat anti-rat PDX-1 antibody (1:10 000 dilution) 
and horseradish peroxidase-labeled secondary antibody 
(1:5000 dilution) (Amersham, Japan). Finally, the protein 
was visualized on enhanced chemiluminescence film 
(Hyperfilm, Amersham, Japan) by applying Amershem's 
Enhanced Chemiluminescence Western blotting Detection 
System. Band intensity was quantitated with Gel Analysis 
software (GreyStone-Iconix). Samples which expressed 
higher PDX-1 than normal pancreatic tissues were defined 
as positive, otherwise negative.

Statistical analysis
Chi-square test was used to analyze the data. P < 0.05 was 
considered statistically significant.

RESULTS
Expression of PDX-1 protein in pancreatic cancers and 
normal pancreatic tissues
Immunohistochemical staining showed that 41.1% 
(23/56) samples were positive for PDX-1. PDX-1 was 
mainly expressed in cytoplasm, with strong positivity 
located mainly at the leading edge of  infiltration (Figure  
1A). PDX-1 was also weekly expressed in the beta cells 
of  pancreatic islet in normal pancreatic tissues, but not 
found in the pancreatic duct (Figure 1B). Western blot 
showed that 37.5% (21/56) samples were positive for 
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PDX-1, which was in consonance with the result of  
imunohistochemistry (Figure 2).

Expression of PDX-1 mRNA in pancreatic cancers and 
normal pancreatic tissues
The 2-ΔΔCT method was used to analyze mRNA expression. 
Relative to beta-actin, the PDX-1 mRNA in pancreatic 
cancers was 0.0848 (range: 0.0665-0.1080) whereas 
that of  normal pancreatic tissues was 0.0023 (range: 
0.0021-0.0025) (Figure 3).

Correlations of PDX-1 expression with tumor characteristics
We found a significant relationship between PDX-1 
expression and lymph node metastasis (P < 0.01) (Table 1): 
55.6% (20/36) tumor tissues with lymph node metastasis 
were PDX-1-positive, whereas only 15% (3/20) tumor 
tissues without lymph node metastasis were PDX-1-
positive. PDX-1 expression was also markedly related to 

TNM staging (P < 0.05) and pathology staging (P < 0.05).
PDX-1 mRNA was over-expressed in the pancreatic 

cancer tissues compared to normal pancreatic tissues 
(Figure 3). Interestingly, PDX-1 mRNA expression in 
cancer tissues with lymph node metastasis, late TNM 
staging and lower pathology staging was much higher than 
their counterpart.

To study the correlation of  PDX-1 expression with 
cell proliferation, we detected the expression of  PCNA 
in pancreatic cancer by imunohistochemistry. The results 
showed that 53.6% (30/56) pancreatic cancers were 
positive for PCNA; 78.26% (18/23) PDX-1-positive 
samples were positive for PCNA, whereas only 36.36% 
(12/33) PDX-1-negative samples were positive for 
PCNA. These results indicated that PCNA expression 
was obviously related to PDX-1 expression in pancreatic 
cancer tissues (Figure 4).

DISCUSSION
In mammals, pancreas is well known to inherit a strong 
regeneration potential. The remnant pancreas can re-
generate and recover the function of  insulted pancreas 
after pancreatitis or partial pancreatectomy[14-16]. Previous 
studies suggested that this process was correlated with 
proliferation and differentiation of  pancreatic stem cells, 
i.e. on stimulation of  impaired factors, quiescent stem 
cells, which are regarded as located in the pancreatic duct, 
were activated to proliferate and differentiate into impaired 
cells. In a previous study, we observed that mature duct 
cells were main progenitor source for pancreatic growth 

A B

Figure 1  Immunohistochemical analysis of PDX-1 expression in different tissues. 
A: PDX-1-positive cells in pancreatic cancers and located at the leading edge of 
infiltration; B: Weekly expressed PDX-1 in beta cells but not in ductal cells.

Table 1  Correlation of PDX-1 protein expression with 
clinicopathological characteristics

Clinicopathological 
characteristics

Samples PDX-1 (+) PDX-1 (-)  P  
(n)

Lymph node metastasis
   Yes 36 20 16 0.003b

   No 20   3 17
TNM staging
   Stage I and  II 12   2 10 0.047a

   Stage III and IV 44 23 21
Pathology staging
   Well differentiated 17   3 14 0.032a

   Moderately differentiated 21   9 12
   Poorly differentiated 18 11   7

aP < 0.05, bP < 0.01.

A B

Figure 4  Expression of PCNA in pancreatic cancer tissues. A: PCNA-positive 
cells, mainly duct-like cells; B: The proportion of PCNA-positive cells is higher in 
leading edge of infiltration.

Figure 2  Western blot analysis of PDX-1 expression in different tissues. M: 
Marker; C: Pancreatic cancer; N: Normal pancreas tissue.
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in rat pancreatectomy model and PDX-1 was re-activated 
in the ductal cells, thereby suggesting that re-activation of  
PDX-1 is a marker of  pancreatic stem cells.

There is overwhelming evidence that cancer stem 
cells, which are considered to originate from somatic stem 
cells, should be responsible for tumors malignancy[17]. 
Miyamoto et al[9] found that signal molecules that regulate 
proliferation and differentiation of  embryonic stem cell 
were activated in human pancreatic cancers. Thus, we 
deduced that PDX-1 may be re-activated in the process of  
transformation from pancreatic stem cells to pancreatic 
cancer stem cells.

To investigate whether PDX-1 was re-expressed 
in pancreatic cancer and its role in pancreatic cancer 
development, we detected PDX-1 protein and mRNA 
expression in 56 pancreatic cancer tissues. To validate 
the used methods, we also analyzed normal human 
pancreatic tissues. Results of  immunohistochemistry 
indicated that PDX-1 was only weekly expressed in beta 
cells of  the pancreatic islet in normal pancreatic tissues, 
which is in agreement with previous studies in mice and 
human pancreas[11,12], but PDX-1 was re-activated in 
pancreatic cancers. About 41.1% samples showed positive 
immunostaining for PDX-1 in the cytoplasm and nuclei 
of  cells, especially in the cells located at the leading edge 
of  infiltration, thereby implying that PDX-1 plays a role in 
pancreatic cancer infiltration. Results of  Western blot were 
in consonance with that of  immunohistochemistry. In 
addition, we analyzed the correlation of  PDX-1 expression 
with tumor characteristics. We found that lymph node 
metastasis, TNM grading and pathological grading were all 
significantly correlated with PDX-1 expression.

To study the correlation of  PDX-1 expression with 
cell proliferation, we detected the expression of  PCNA in 
pancreatic cancer by immunohistochemistry. The positive 
rate of  PCNA in PDX-1-positive samples was as high as 
78.2%, whereas that in PDX-1-negative samples was only 
36.4%, suggesting that PDX-1-positive cells had higher 
potential of  proliferation. Many studies have demonstrated 
high frequency of  mutations of  oncogene such as K-ras 
and tumor suppressor genes such as p16, p53 in pancreatic 
cancer tissues and cell lines[8,18,19]. Based on our study, we 
deduced that the alteration of  PDX-1 expression might 
represent one of  those genetic changes.

In summary, PDX-1 is re-expressed in pancreatic 
cancers, and its expression level has a significant correlation 
with pathological grading, TNM grading, tumor metastasis 
and tumor cell proliferation. Since PDX-1 is considered a 
marker of  pancreatic stem cells, we tentatively put forward 
that cells that express PDX-1 in pancreatic cancers may be 
cancer stem cells. How does the PDX-1 molecule affect 
the malignancy of  a particular cell is awaited to be studied 
in our future work.
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