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Abstract: Intraductal papillary mucinous neoplasm is characterized by cystically

dilated main and/or branch pancreatic duct with mucus. According to the degree of

atypia, intraductal papillary mucinous neoplasm is classified into three groups: adenoma,

borderline and carcinoma. Furthermore, intraductal papillary mucinous neoplasm is

considered to progress through an adenoma-carcinoma sequence like colorectal

carcinoma. Programmed cell death 4 is a recently identified tumor suppressor which

was found to inhibit translation. Programmed cell death 4 has been reported to inhibit

tumorigenesis, tumor progression, proliferation, invasion and metastasis in several

human malignancies. We examined 108 cases of intraductal papillary mucinous

neoplasm by immunohistochemistry and revealed that programmed cell death 4

expression was recognized in both the nucleus and cytoplasm in intraductal papillary

mucinous neoplasm. The positive rate of programmed cell death 4 was 79%, 43% and

10% in adenoma, borderline and carcinoma, respectively. The positive rate of

programmed cell death 4 decreased from adenoma to carcinoma (P<0.0001, both

adenoma vs borderline and borderline vs carcinoma), indicating that programmed cell

death 4 might inhibit tumor progression in intraductal papillary mucinous neoplasm.

Programmed cell death 4 expression had a strong relationship with p21 expression

(P<0.0001) and an inverse correlation with Ki-67 LI (r=-0.6255, P<0.0001). Thus,
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programmed cell death 4 might inhibit the proliferation of intraductal papillary

mucinous neoplasm, and its inhibition might partly result from cell cycle arrest caused

by the up-regulation of p21. In conclusion, programmed cell death 4 may inhibit tumor

progression in intraductal papillary mucinous neoplasm and the loss of programmed cell

death 4 expression is representative of the malignant potential of intraductal papillary

mucinous neoplasm including the proliferative activity. Therefore, programmed cell

death 4 can be an important biomarker for intraductal papillary mucinous neoplasm.
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Introduction

Intraductal papillary mucinous neoplasm (IPMN) is a cystic tumor in communication

with the pancreatic ductal system. The number of IPMN reported is increasing with the

increased awareness of this entity and the progress in diagnostic procedures (1).

Macroscopically, this tumor is characterized by cystically dilated main and/or branch

pancreatic ducts which are often filled with mucus (2, 3). Microscopically, cystically

dilated ducts are lined by mucin-producing epithelium with various degrees of atypia,

showing a papillary proliferation. According to the degree of atypia, such as

architectural and cellular atypia, the WHO has classified IPMN into three groups:

intraductal papillary mucinous adenoma (IPMA), borderline intraductal papillary

mucinous neoplasm (IPMB) and intraductal papillary mucinous carcinoma (IPMC) (4,

5). IPMN is considered to progress through an adenoma-carcinoma sequence like

colorectal carcinoma (6), and the transition from IPMA to IPMB and/or IPMB to IPMC

is commonly recognized in certain cases of IPMN. Recently, a number of reports

focusing on the molecular and biological changes in IPMN have been published. These

reports have revealed that activation of oncogenic pathways such as K ras (7, 8) and

AKT (9), inactivation of tumor suppressors such as p16, p53 and SMAD4 (7, 10, 11)

and inactivation of the DNA damage checkpoint pathway (12) have been recognized in
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IPMC more frequently than in IPMA or IPMB.

Programmed cell death 4 (Pdcd4) is a novel tumor suppressor gene that was originally

identified as a gene up-regulated during apoptosis, and is also known as MA-3 in mice,

DUG inrats and H731 in humans (13-15). The human Pdcd4 gene is located on

chromosome 10g24 (16) and Pdcd4 protein is expressed in various cells including

hematopoietic cells, senescent fibroblasts and normal epithelia of the colon and

mammary duct (15, 17-19). Up to now, the inhibitory function of Pdcd4 has been

described in several human malignancies, such as lung (20), colon (21, 22), breast (23),

and ovary (24). Although most tumor suppressors target transcription, Pdcd4 is found to

target translation by interacting with translation initiation factors elF4A and elF4G (25).

Down-regulation of Pdcd4 leads to the activation of activator protein-1

(AP-1)-dependent transcription, beta-catenin/Tcf-dependent transcription, and

mitogen-activated protein kinase kinase kinase kinase 1 (MAP4K1), and to a decrease

of the tissue inhibitor of matrix-metalloproteinase (TIMP), resulting in the inhibition of

tumorigenesis, tumor progression, proliferation, invasion and metastasis (21-24, 26).

Furthermore, using a mice skin carcinogenesis model, Schmid et al. (27) revealed that

the down-regulation of Pdcd4 resulted from increased proteasomal degradation of

Pdcd4. Thus, Pdcd4 plays a very important role in inhibiting malignant transformation,
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progression and malignant behaviors, and we therefore think that evaluating Pdcd4

expression may be useful in clarifying the malignant potential of IPMN.

In the present study, we investigated Pdcd4 expression and its subcellular localization

in IPMN using immunohistochemistry. By comparing with the degree of atypia, we

clarified the significance of Pdcd4 expression in tumorigenesis and tumor progression.

Recently, p21 was also reported to be a downstream target of Pdcd4, but the

relationship between Pdcd4 and p21 was still under discussion (19, 34, 35). Therefore,

we also investigated p21 and p53 expression to reveal their relationship with Pdcd4 in

IPMN, and evaluated the Ki-67 labeling index (Ki-67 LI) to reveal the function of

Pdcd4 in IPMN.
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Materials and Methods

Patients and tissue samples

A total of 108 patients who had undergone surgery for IPMN of the pancreas between

July 1986 and October 2006 were included in this study. All samples were fixed in 10%

formalin at room temperature for pathological examination. Whole samples were cut

into 4-mm-thick stepwise tissue sections, and all the slices were routinely processed,

embedded in paraffin, sectioned and microscopically evaluated for histopathological

characteristics. Since IPMN revealed heterologous atypia, we evaluated the lesion

showing the highest grade of atypia, such as architectural and cellar atypia and

classified IPMN into three groups (IPMA, IPMB and IPMC) according to the WHO

classification system (4, 5). Among 108 IPMNs, 39 IPMAs, 30 IPMBs and 39 IPMCs

were obtained. Five-year survival rates of IPMA, IPMB and IPMC are 100%, 100% and

68%, respectively. 108 normal ductal epithelia beneath the IPMN were also evaluated.

Our study protocol conformed to the ethical guidelines of the 1975 Declaration of

Helsinki. For strict privacy protection, identifying information for all samples was

removed before analysis.

Immunohistochemistry
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Immunohistochemical staining was performed on routinely formalin-fixed and

paraffin-embedded tissue sections using the streptavidin-biotin complex method. Briefly,

4-um-thick tissue sections were deparaffinized in xylene and rehydrated through a

graded ethanol series. Endogenous peroxidase activity was blocked by incubation in

methanol containing 0.3% H,O, for 30 min. The sections were heated in 10mM citrate

buffer (pH 6.0) in a microwave oven to retrieve the antigen. After nonspecific binding

was blocked by a 10-min incubation with 10% rabbit serum, the slides were incubated

with primary antibodies at 4 °C overnight. We used the following primary antibodies:

goat polyclonal anti-Pdcd4 (sc-27123; 1:100 dilution; Santa Cruz Biotechnology),

mouse monoclonal anti-p21 (EA10; 1:200 dilution; Calbiochem), mouse monoclonal

anti-p53 (PAb1801; 1:100 dilution; Oncogene) and mouse monoclonal anti-Ki-67

(MIB-1; 1:50 dilution; R&D Systems). The antigens labeled by the primary antibody

were detected with a Histofine SAB-POKit (Nichirei Pharmaceutical, Tokyo, Japan) and

visualized using 3,3’-diaminobenzidine tetrahydrochloride as a chromogen. Nuclei were

counterstained with hematoxylin.

Evaluation of immunohistochemical staining

Because Pdcd4 expression was recognized in both the nucleus and cytoplasm in
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IPMNSs, we separately evaluated both nuclear and cytoplasmic staining. We used the

nuclear and cytoplasmic scores according to the population of positive nuclear staining

cells and the intensity of the cytoplasmic staining, respectively. Referring to previous

report in colorectal cancer (31), we set each score as follows (nuclear score: 0%, score

0; <30%, score 1; 30-70%, score 2; >70%, score 3 and cytoplasmic score: negative,

score 0; weak, score 1; moderate, score 2; strong, score 3). The total score was

calculated by adding of the nuclear and cytoplasmic scores. According to the median

total score (= 3.28), we classified IPMNs into two groups; IPMNs showing a total score

of more than 4 were Pdcd4-positive, and the others were negative. For p21 and p53,

more than 10% nuclear staining was considered positive as described previously (11,

28). The Ki-67 labeling index (Ki-67 LI) was calculated by counting Ki-67-positive

cells among 1000 tumor cells, according to previous reports (29). In addition, as

reported by others (15, 19), some hematopoietic cells and fibroblasts in the stroma also

had positive staining for Pdcd4, so we used them as the internal positive control.

Statistical Analysis

All calculations were carried out using StatView 5.0J software (Abacus Concepts,

Berkeley, California, USA). Data were analyzed by the Mann-Whitney U test if the

-10 -
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comparisons involved two groups, because a normal distribution was not obtained. The

relationships between Pdcd4 and p21 expression or Pdcd4 and p53 expression were

examined using Fisher’s exact test. Comparison between the total score of Pdcd4

expression and the Ki-67 LI was performed using Spearman’s rank correlation test. A

P-value of less than 0.05 was considered statistically significant.

-11 -
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Results

Pdcd4 expression in IPMNs

Pdcd4 expression was recognized in both the nucleus and cytoplasm in IPMNs. Most

IPMAs showed strong nuclear and cytoplasmic staining (Fig. 1a). Several IPMCs

showed moderate nuclear and cytoplasmic staining (Fig. 1c), but most IPMCs showed

weak nuclear and cytoplasmic staining or no staining at all (Figs.1b, 1d). IPMBs

revealed intermediate staining (Fig. 1b). Interestingly, most normal ductal epithelia

showed weaker staining compared with the IPMAs (Fig. 1a) and the changes of staining

were relatively clear in transition areas from IPMB to IPMC (Figs. 1b). The results of

the nuclear, cytoplasmic and total scores are shown in Fig. 2. The nuclear and total

scores tended to be gradually reduced from IPMA to IPMC (P<0.0001, both IPMA vs

IPMB and IPMB vs IPMC). Although the cytoplasmic score also tended to be gradually

reduced, the tendency was weaker than that of the nuclear score (P=0.094, IPMA vs

IPMB; P=0.003, IPMB vs IPMC). None of the 108 normal ductal epithelia (0%),

thirty-one of the 38 IPMAs (79%), thirteen of the 30 IPMBs (43%) and four of the 39

IPMCs (10%) were positive for Pdcd4. The positive rate of Pdcd4 also decreased from

IPMA to IPMC (Fig. 4a; P=0.0021, IPMA vs IPMB; P=0.0014, IPMB vs IPMC).

-12 -
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Relationship between Pdcd4 and p21 or Pdcd4 and p53 expression

Six of the 108 normal ductal epithelia (6%), thirty-six of the 39 IPMAs (92%), twenty

of the 30 IPMBs (67%) and seventeen of the 39 IPMCs (44%) were positive for p21

(Figs. 3a, 3b, 4b). The expression of p21 tended to gradually decrease from IPMA to

IPMC (P=0.007, IPMA vs IPMB; P=0.1845, IPMB vs IPMC), and this tendency was

similar to that of Pdcd4 (Figs. 4a, 4b). The expression of p53 was recognized only in

IPMCs except for one case of IPMA (Fig. 3c). The positive rate of p53 in normal ductal

epithelia, IPMA, IPMB and IPMC were 0% (0/108), 3% (1/39), 0% (0/30) and 23%

(9/39), respectively (Fig. 4c; P=0.003, IPMB vs IPMC ). As shown in Table 1, Pdcd4

expression had a strong relationship with p21 expression (P<0.0001), but had no

significant association with p53 expression (P=0.18).

Relationship between Pdcd4 expression and Ki-67 labeling index

Ki-67 LI showed an increasing tendency from IPMA to IPMC, as expected (Figs. 3d,

5a; P<0.0001, both IPMA vs IPMB and IPMB vs IPMC). Although there was no

significant association between Pdcd4 expression and Ki-67 LI in IPMAs and IPMBs

(P=0.86 and P=0.88, respectively), Ki-67 LI was significantly higher in the

Pdcd4-negative group than in the Pdcd4-positive group when a comparison was

- 13-
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performed in IPMCs (Fig. 5b; P=0.012). Furthermore, we analyzed the correlation

between the total score of Pdcd4 expression and Ki-67 LI among all cases, and revealed

a significant inverse correlation (Fig. 5c; r=-0.6255, P<0.0001).

-14 -
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Discussion

Pdcd4 was a novel tumor suppressor gene that was originally identified as a gene

up-regulated during apoptosis (13-15). Pdcd4 differed from many other tumor

suppressors in that it targeted translation by interacting with translation initiation factors

elF4A and elF4G (25). Pdcd4 was also found to inhibit pro-oncogenic events including

the activation of activator protein-1 (AP-1)-dependent transcription and

beta-catenin/Tcf-dependent transcription (22), resulting in the inhibition of

tumorigenesis, tumor progression, invasion and metastasis. In fact, previous studies

revealed the inhibitory function of Pdcd4 in various human malignancies, but Pdcd4

expression in the IPMN of the pancreas has not yet been investigated.

In the present study, we evaluated Pdcd4 expression in 108 cases of IPMN using

immunohistochemistry. In IPMA, Pdcd4 expression was frequently detected in both the

nucleus and cytoplasm, whereas it was significantly reduced in IPMC. The nuclear

score tended to be gradually reduced from IPMA to IPMC. The cytoplasmic score

showed a similar tendency, but it was weaker than that of the nuclear score. Translation

was performed mainly in the cytoplasm, so the cytoplasmic expression of Pdcd4 might

be the most important. However, there were several studies showing that Pdcd4

expression was observed in both the nucleus and cytoplasm in normal or cancer samples

-15 -
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of the colon (31) and breast (32). Furthermore, Palamarchuk et al. (33) revealed that

inhibition of AP-1-dependent transcription by Pdcd4 might occur in both the nucleus

and cytoplasm. We thus calculated the total score, and based on the median total score,

we evaluated the positive rate of Pdcd4 expression to compare with the other factors.

Both the total score and positive rate were significantly reduced from IPMA to IPMC,

and most normal ductal epithelia showed weaker staining compared with IPMA. These

results were indicative that Pdcd4 was up-regulated in the early stage and might have a

greater influence on tumor progression than tumorigenesis in IPMN. The reason why

Pdcd4 was up-regulated in the early stage of IPMN was unknown. A possible

explanation for this observation was that Pdcd4 might be involved in DNA damage

response as well as p53 and p21. Bitomsky et al. (34) revealed that the stable Pdcd4

knockdown cells showed higher survival after ultra-violet (UV) irradiation and were

more resistant to UV-induced apoptosis. Therefore, they suggested that low Pdcd4

expression after DNA damage favors the survival of cells. Miyasaka et al. (12) reported

that DNA damage check point pathway was activated in the early stage of IPMN.

Considering with these result, Pdcd4 might be up-regulated in the response to DNA

damage and inhibit the tumor cell survival and proliferation in the early stage of IPMN.

In addition, it was interesting that most normal ductal epithelia showed weaker staining

-16 -
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compared with IPMA. As Schmid et al. (27) showed in HEK293 cells, proteasomal

degradation of Pdcd4 might also occur in normal ductal epithelia where Pdcd4 was not

yet up-regulated. Moreover, the decreasing tendency from IPMA to IPMC was weaker

in the cytoplasmic score of Pdcd4 than in the nuclear score, and there were no cases in

which Pdcd4 expression was detected only in the nucleus but not in the cytoplasm,

except for five cases of normal ductal epithelia. These results might reflect that Pdcd4

was shuttled from the nucleus to the cytoplasm (30, 31) and targeted for proteasomal

degradation (27) in accordance with tumor development in IPMN.

p21 was a member of cyclin-dependent kinase inhibitor, whose up-regulation caused

cell cycle arrest in both the G1 and G2 phase (19). In the response of DNA damage,

up-regulation of p21 occurred to stall G1 or G2 phase until the damage was repaired,

and its expression was regulated through both p53-dependent and p53-independent

pathways (36). Some studies have identified p21 as a potential target for Pdcd4, but the

association between p21 and Pdcd4 has been still controversial. Goke et al. (19)

revealed that Pdcd4 induced p21 in Bon-1 cells, whereas Bitomsky et al. (34) showed

that knockdown of Pdcd4 resulted in up-regulation of p21 in both HeLa cells and

HCT116 cells. And Lankat-Buttgereit et al. (35) showed that the action of Pdcd4 might

be cell-type specific. In IPMN, p21 expression exhibited a similar tendency to Pdcd4

217 -
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expression. Although there was no significant association between p53 and Pdcd4, p21

had a strong correlation with Pdcd4. These findings suggested that p21 was

up-regulated by Pdcd4 independent of p53. p21 was also regulated through

p53-independent pathways involving a Myc transcription factor, which was found to

inhibit p21 (37). And Pdcd4 was found to inhibit beta-catenin/Tcf-dependent

transcription resulting in down-regulation of Myc (38). Thus, up-regulation of p21

might result from inhibition of beta-catenin/Tcf-dependent transcription by Pdcd4.

Furthermore, we used Ki-67 LI to assess the relationship between Pdcd4 expression and

the proliferative activity of IPMN. Ki-67 LI showed an increasing tendency from IPMA

to IPMC, as expected. In IPMA and IPMB, there was no significant association between

Pdcd4 expression and Ki-67 LI, but Ki-67 LI was significantly higher in Pdcd4-negative

IPMC than in Pdcd4-positive IPMC. Because IPMA or IPMB revealed much lower

Ki-67 LI and much smaller differences in Ki-67 LI in each case than IPMC, we might

not be able to show the significant association in IPMA or IPMB. Moreover, we also

revealed a significant inverse correlation between the total score of Pdcd4 expression

and Ki-67 LI. Thus, Pdcd4 might inhibit the proliferation of IPMN, and its inhibition

might partly result from cell cycle arrest caused by the up-regulation of p21.

In summary, we exhibited that Pdcd4 expression was reduced with the progression of

-18 -
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IPMN and had an inverse correlation with the proliferative activity of IPMN. Therefore,
Pdcd4 may inhibit tumor progression in IPMN and the loss of Pdcd4 expression is
representative of the malignant potential of IPMN including the proliferative activity.

Furthermore, Pdcd4 can be an important biomarker for IPMN.

-19-
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Figure Legends

Figure 1. Pdcd4 expression in IPMN. IPMA shows strong Pdcd4 expression in both the

nucleus and cytoplasm, whereas adjacent normal ductal epithelia shows weak Pdcd4

expression (a). IPMB shows intermediate staining (b). Several IPMCs are positive for

Pdcd4 (c), but most of IPMC are negative for Pdcd4 (b, d). Furthermore, changes in

Pdcd4 expression are relatively clear in transition areas (b).

Figure 2. Result of nuclear (a), cytoplasmic (b) and total score (c) of Pdcd4 expression.

Nuclear and total scores show a significant decreasing tendency from IPMA to IPMC

(P<0.0001, both IPMA vs IPMB and IPMB vs IPMC). However, the decreasing

tendency of the cytoplasmic score is weaker than those of nuclear and total scores

(P=0.094, IPMA vs IPMB; P=0.003, IPMB vs IPMC).

Figure 3. Immunohistochemical staining of p21, p53 and Ki-67. Positive p21 expression

in IPMB (a). Negative p21 expression (b), positive p53 expression (c) and high Ki-67

LI (d, Ki-67 LI=58.6) in IPMC.

Figure 4. The positive rates of Pdcd4 (a) and p21 (b) show a decreasing tendency from
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IPMA to IPMC, whereas that of p53 (c) reveals an increasing tendency from IPMA to

IPMC.

Figure 5. Ki-67 LI shows an increasing tendency from IPMA to IPMC (a; P<0.0001,
both IPMA vs IPMB and IPMB vs IPMC). Ki-67 L1 is significantly higher in the
Pdcd4-negative group than in the Pdcd4-positive group when a comparison is
performed in IPMC (b; P=0.012). The total score of the Pdcd4 expression and Ki-67 LI

reveal a significant inverse correlation among all cases (c; r=-0.6255, P<0.0001).
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