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Abstract 

 

Role of Bmi-1 on Acinar to Ductal Metaplasia  

in Mouse Pancreas Ductal Ligation Model 

 

Bae Jin Hui 

 

Department of medical Science 

The Graduate School, Yonsei University 

 

( Directed by Professor Si Young Song ) 

 

When pancreatic tissue is injured after duct obstruction, acinar to 

ductal metaplasia is observed.  Similar metaplastic changes occur 

when exocrine pancreatic cells are isolated and cultured.  We 

demonstrate that under these experimental conditions by mouse 

Pancreas Ductal Ligation(PDL) and primary culture, the exocrine 

acinar cells lose their differentiated characteristics: expression of the 

acinar marker amylase is decreased or lost, whereas expression of the 

ductal epithelial marker CK19 and developing exocirne precursor 

marker Nestin are increased.  The roles of the Hedgehog pathways in 

pancreas ductal adenocarcinoma have recently been appreciated, and 

we observed Hedgehog pathway including Bmi1 which is involved in 

the maintenance of stem cells and functions as an oncogene in 

carcinomas, acting by downregulation of p16ink4a.  Shh is ligand and 

Gli1 is downstream transcription factor and transcriptional target of the 

Hedgehog signaling.  As the result, acinar cells underwent 
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transdifferentiation during the initial stages of the experimental period 

into ductal like cells with dominantly maintenance of Bmi1 expression.  

We also note that Shh and Gli1 which upregulate Bmi1 are positively 

expressed and p16 which were inhibited by Bmi1, is negatively 

expressed in PDL.  These results provide that Bmi1 is a novel example 

of rigorously documented acinar to ducal metaplasia, and suggest that 

plasticity of exocrine cells may contribute to the generation of 

neoplastic precursors. 
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.  INTRODUCTIONⅠⅠⅠⅠ  

 

Pancreatic ductal adenocarcinoma (PDA) is one of the most 

deadly human tumors, with less than a 3% 5 year survival rate. 

The cancer’s lethal nature stems from its propensity to rapidly 

disseminate to the lymphatic system and distant organs.  This 

aggressive biology and resistance to conventional and targeted 

therapeutic agents leads to a typical clinical presentation of 

incurable disease at the time of diagnosis.  The well-defined 

serial histopathologic picture and accompanying molecular 

profiles of PDAC and its precursor lesions have provided the 
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framework for emerging basic and translational research.  

Recent advances include insights into the cancer’s cellular origins, 

high-resolution genomic profiles pointing to potential new 

therapeutic targets, and refined mouse models reflecting both the 

genetics and histopathologic evolution of human PDAC1.  

The pancreas, an organ of endodermal derivation, is the key 

regulator of protein and carbohydrate digestion and glucose 

homeostasis.  Acinar cells are account for 90% of the normal 

pancreas and are specialized for synthesizing and secreting a 

variety of digestive enzymes whereas duct cells are account for 

below 10% only.  In pancreas ductal adenocarcinoma, however, 

acinars cells are disappear and duct cells make up over 90% of 

ductal adenocarcinoma, dominant form of pancreas cancer.  

Like this, acinar to ductal metaplastic conversion is broadly 

defined as replacement of one predominant cell type by another 

within a multi-lineage tissue, and is frequently associated with an 

increased risk of subsequent neoplasia2.  As recently reviewed3 , 

Tissue metaplasia may result from a variety of cellular 

mechanisms.  These include selective expansion of 

differentiated cell types ordinarily present in low abundance, 

trans-determination of local tissue specific stem cells, or by 

actual transdifferentiation of one mature cell type to another, 

either directly or via an undifferentiated intermediate.  In adult 

mammalian tissues, the specific mechanisms underlying 

metaplastic events have rarely been rigorously defined, reflecting 

the challenges associated with confirming precursor-progeny 

relationships in a multi-lineage context.  

The exocrine pancreas undergoes metaplastic change in the 
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setting of both chronic pancreatitis and pancreatic cancer.  In 

these conditions, the pancreas changes from an acinar cell-

predominant tissue to a tissue comprised predominantly of ductal 

epithelium.  These metaplastic ducts have been postulated to 

arise either by outgrowth of normal ductal epithelium, by 

activation of pancreatic stem cells or by transdifferentiation of 

mature cell types4-7.  Metaplastic ducts have frequently been 

proposed to be the progenitors for pancreatic ductal 

adenocarcinoma8-12.   

Furthermore, the conversion of exocrine acinar tissue into 

tubular or ductal complexes in the pancreas has been observed in 

different pathological conditions, most notably in the case of 

pancreatitis 13.  In experimental animal models, acinar to ductal 

metaplasia is noted after, e.g., cerulein-induced pancreatitis14, 

after ligation–obstruction of pancreatic ducts15, 16, after subtotal 

pancreatectomy17, and in different transgenic mouse models 

where the pancreatic overexpression of transforming growth 

factor-alpha(TGF-a)12 causes pancreatic damage.  In these 

animals, the entire part of the pancreas that is affected by the 

experimental procedure, is converted into ductal complexes.  

Following duct ligation, acinar cells transdifferentiate into ductal 

complexes in the ligated part of the pancreas18.  The cells in 

these ductal complexes express ductal characteristics but also 

features that are not normally found in mature duct cells, 

therefore, these ductal cells have also been termed duct-like or 

metaplastic duct cells.  A similar transdifferentiation is also 

observed in vitro with primary cultured rat acinar cells6, 15, 19, 

mouse4, guineapig20, and human origin21.   
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Hedgehog signaling, an essential pathway during embryonic 

pancreatic development, the misregulation of which has been 

implicated in several forms of cancer may also be an important 

mediator in human pancreatic carcinoma.  Among the 

Hedgehog signaling pathway, we focus on BMI1.  The BMI1 

gene encodes a nuclear protein with an oncogenic potential via 

cooperation with MYC22,23.  Elevated expression of human 

BMI1 has been reported in multiple cancer samples and cancer 

cell lines24-27.  Overexpression of BMI1 can also transform and 

immortalize normal fibroblasts and mammary epithelial cells via 

reactivation of the human telomerase reverse transcriptase 

(hTERT) gene in these cells26-28.  Such oncogenic effects of 

BMI1 are consistent with other studies showing an extended life 

span in both rodent and human fibroblasts overexpressing 

BMI129-33.  Analysis of Bmi1-null mice suggests that Bmi1 is 

important for normal development34, 35.  Bmi1-knockout mice 

are viable, but display reduced fitness and other developmental 

defects in hematological, neurological and skeletal systems.  

Such developmental abnormalities may be linked to a putative 

stem cell factor function of Bmi136-38, and therefore the loss of 

Bmi1 could lead to an exhaustion of tissue stem cells that 

compromises tissue growth.  Furthermore, BMI11 is also 

implicated to sustain both self-renewal and proliferation of neural 

stem cells by repressing the function of Ink4a-Arf that can lead to 

growth arrest and premature senescence 28,35,39.  When RNA 

interference to suppress BMI1 expression in both normal and 

cancerous human cells, BMI1 was crucial for the short-term 

survival of cancer cells but not of normal cells.  Also it 
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demonstrated that loss of BMI1 was more effective in 

suppressing cancer cell growth and surviving cancer cells showed 

significantly reduced tumorigenicity40.  Although BMI1 has 

been implicated as an oncogenic player, very little is known 

about the exact function of BMI1 in cancer growth and 

progression. 

 

We applied mouse pancreatic obstruction model to observate 

Bmi1 expression in pancreatic ductal metaplasia.  Pancreatic 

ductal metaplasia and chronic pancreatitis have been implicated 

in the development of pancreatic cancer41, an observation that 

forms the basis of this study. 
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.  MATERIALS AND METHODSⅡⅡⅡⅡ  

 

  

1.  Mouse PDL(Pancreas Ductal Ligation) model 

 

C57BL/6 mice weighing between 20 and 25g were used in the 

experiments. Experimental mice were anesthetized with a 

mixture of zoletil(70mg/kg) and xylazine(30mg/kg) by 

intramuscular injection and subjected to ligation of the pancreas 

through incision in the abdominal wall.  The spleenic lobe of 

mouse pancreas was ligated with a silk suture. The viscera were 

replaced in anatomic position, and the incision was closed.  The 

peritoneal lining and the fascia of abdominal muscle, as a single 

layer, and the skin were closed with 5-0 silk suture.  The all 

procedure took about 30 min and consistently induced pancreatic 

atrophy and pancreatitis.  Sham-operated mice were subjected to 

the same procedures but without ligation of the pancreas. 

Experimental mice were sacrificed at the following intervals- 2, 4, 

and 6days after operation-and the pancreatic tissues were taken.  

Normal mouse and shamoperated mouse were also sacrificed.  

Pancreas were obtained from normal mouse.  

 

 

2. Mouse PDL-primary culture 

 

The pancreas ductal ligation-mice were to produce primary 
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culture of pancreatic cells.  Each 2, 4, and 6 days ligation-

pancreas tissue, spleenic lobe, were removed, minced and 

chopped in a spinner flask, and rinsed twice in pancreatic 

solution A(4g Glucose, 16.36g NaCl, 1N MgCl2, 1M CaCl2) 

containing 500mg bovine serum albumin, 500mg pyruvate, and 

60mg trypsin inhibitors. After rinsing, tissue was digested in a 

collagenase type (sigma, St. Louis, MO, UⅣ SA) ot 37  water ℃

bath for 6-8 min and then centrifuged at 1000rpm for 10 sec.  

The resulting cell suspension was passed through Nylon mesh 

filter with 200㎛ pore.  After washing these cells, isolated cells 

were cultured in Waymouth media(Sigma, St. Louis, MO, USA).  

Experimental cells were harvested at the following intervals- 0, 1, 

3, 5, 10 and 15days after the ligation -pancreas tissues were taken 

and cultured. 

 

 

3. Preparation of tissue sections 

 

After tissues were obtained, portions of the tissue samples 

were immediately fixed with 4% paraformaldehyde buffered with 

0.01 M sodium phosphate (pH 7.4) overnight at 4°C.  They were 

embedded in paraffin.  Paraffin sections were placed on slides 

and stored at room temperature (RT) until further processing.

  

 

4. Immunohistochemistry 
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Anti-amylase antibody(A8273, Sigma, St. Louis, MO, USA), 

anti-Shh antibody(H-160, Santa Cruz, CA, USA), anti-Bmi-1 

antibody (H-99, Santa Cruz, CA, USA), anti-p16 antibody(F-12, 

Santa Cruz, CA, USA) were used for immunohistochemistry.  

Serial paraffin-embedded sections were subjected to 

hematoxylin/eosin staining and immunostaining, using the 

horseradish peroxidase and streptavidin-biotin complex technique.  

The sections were deparaffinized in two changes of xylene, then 

rehydrated in descending concentrations of ethanol.  After 

quenching og endogeneous peroxidase activity using 3% H202 for 

20min, the slides were blocked in 5% normal donkey serum for 

60min at room temperature.  The slides were then treated with 

primary antibody overnight at 4 .℃   After washing in PBS 

(phosphate-buffered saline, pH 7.4), species-specific biotinylated 

universal secondary antibody (Vector Vectastain universal Quick 

Kit, Burlingame, CA) was applied for 20min at room temperature 

and followed by application of streptavidin/peroxidase complex 

reagent (Vector Vectastain universal Quick Kit, Burlingame, CA) 

for 10min at room temperature.  AEC chromogen was applied 

and the slides were counterstained with hematoxylin (Sigma, St. 

Louis, MO, USA).  

 

 

5. RT-PCR 

 

Total cellular RNA was extracted from mouse ligated pancreas 

tissue and serial primary culture cells using Rneasy mini kit 
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(Quiagen, Germany).  Random hexamer-primed reverse 

transcription of RNA was carried out for 60 min, at 42  using ℃

Superscript (Gibco BRL, NY).  First sⅡ trand cDNA served as a 

template for PCR amplication using Taq polymerase and 

following degenerate primers.  PCR was carried out in 

Mastercycler Gradient(Effendorf, Hamberg, Germany) with a 

denaturation step at 94  for 1min, annealing at each specific ℃

following temperature, expansion at 72  for 1min, followed by ℃

each cycles.  Primer sequences are listed in Table 1.  RT-PCR 

product quantification measure with TINA image software 

(Raytest, Straubenhardt, Germany). 
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Table 1.  RT-PCR primer sequence  

  

Primer     Forward                 AT( ) ℃℃℃℃  Cycles  size(bp) 

             Reverse  

 

m actin     5’atcactattggcaacgagcg3’       60       35      191 

5’tcagcaatgcctgggtacat3’   

m CK19    5’cctaccttgctcggattgag3’        62       35      216 

5’tcacgctctggatctgtgac3’ 

m amylase   5’gtggtcaatggtcagccttt3’        60       35      185 

5’ttgccatcgaccttatctcc3’ 

m Nestin    5’ggaacccagagactgtggaa3’      62       35      167 

5’cacatcctcccacctctgtt3’ 

m Shh      5’ttctggtgatccttgcttcc3’         60       35      230 

5’gatgtcggggttgtaattgg3’ 

m Gli1      5’cgcagcctctgttttcacat3’        62       35      199  

5’aacaattcctgctgcgactg3’  

m Bmi1     5’ccaatgaagaccgaggagaa3’      60       35      186 

5’gcatcacagtcattgctgct3’ 

m p16      5’ tcaactacggtgcagattcg3’      60      35      195 

5’ atcgcacgatgtcttgatgt3’ 
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6. Protein extraction  

 

After tissue samples were obtained, parts of the splenic 

pancreatic tissues were immediately frozen with liquid nitrogen 

and stored at -80°C until further processing.   After crushing 

with a homogenizer, small pieces of the frozen tissues were 

immediately suspended on ice with lysis buffer containing 1M 

beta-glycerophosphate (pH 7.2), 50mM Na vanadate, 0.5M 

MgCl2. 0.2M  EGTA, 1M DTT, 0.5% Triton X100, 100mM 

PMSF, Protease inhibitors (Leupeptin, Pepstatin, Aprotinin, and 

antipain each 5 ㎍/ml) on incubation at 4  and centrifugation at ℃

13000 rpm for 20min.  Insoluble debris was pelleted, and the 

protein concentration of the resulting supernatant was determined 

using the BCA (bicinchoninic acid solution) Protein Assay Kit 

(Pierce, US).   

 

 

7. Western blotting 

 

The extracted protein was subjectcd to Western blotting.  The 

specific antibody against protein was used for Western blots.  30 

㎍ of total protein per lane were loaded and resolved on SDS 

10% polyacrylamide gels, transferred to polyvinylidene 

difluoride membrane (Immobilon-P, Millipore, Bedford, MA, 

USA). The Membranes were blocked in 5% non fat dry milk 

(Bio-Rad Laboratories, USA) with TBST buffer (Tris-buffered 

saline: 1M Tris-HC1, pH 7.5 and 5M NaCI, 0.1% Tween 20) and 
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probed with the following primary antibodies: rabbit polyclonal 

anti-Bmi1 (1: 1000, from Santa Cruze, CA, USA and Zymed 

Laboratories, CA, USA), mouse monoclonal anti-GAPDH(1: 

1000, from Chemicon, USA).  The membrane were washed and 

incubated with horseradish peroxidase-conjugated species-

appropriate secondary antibodies (Santa Cruze, CA, USA), then 

developed with enhanced chemiluminescence reagents 

(Amersham Life Science, UK) and exposed to radiograph film.   
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.  REⅢⅢⅢⅢ SULTS 

 

1. Property loss of acinar cell and expansion of duct-like 

epithelium, acinar to ductal metaplasia, after mouse 

Pancreas Ductal Ligation 

 

In normal, acinar cells are account for 90% of the mouse 

pancreas (Fig. 1A) whereas well-differentiated pancreatic ductal 

adenocarcinomas are composed of cells that have the morphology 

of duct cells.  Furthermore acinar cells were disappear.  It has 

been broadly observed in induced mouse metaplastic duct using 

transgenic mice overexpressing transforming growth factor 

(TGF)-α10(Fig. 1B) and human pancreatic cancer(Fig. 1C).  An 

alternate change was the loss of regular arrangement of the 

tubules, with distortion of cells, the lumen, and the periphery.  

There was evidence of the development of ductal 

adenocarcinoma.  Enlarged lumens frequently contained cell 

debris and inflammatory cells.  Heterogeneous cells surrounding 

enlarged lumens were continuous with cells that invaded the 

surrounding connective tissue(Fig. 1B,C).  Like this, appearance 

of duct-like epithelium and disappearance of acinar, acinar to 

ductal metaplastic conversion is common morphologic change in 

the pancreas disease including cancer and pancreatitis when 

pancreas were damage.  Besides, one of the main risk factors for 

the development of pancreatic ductal adenocarcinoma is chronic 

pancreatitis42.  

To investigate the role of Bmi1 during acinar to ductal 
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metaplasia, we have performed investigations using mouse 

pancreas ductal ligation model which induced mouse chronic 

pancreatitis artificially with mouse pancreas ductal ligation, 

pancreas were obstructed by surgery.  The pancreas obstruction 

by ligation process caused tissue damage to the pancreas.  

Mouse Pancreas Ductal Ligation(PDL) resulted in phenotypic 

changes in a time-dependent manner(Fig. 1D-F) and, then we 

have obtained pathologically similar results inducing PanIn 

(Pancreatic Intraepithelial Neoplasia), cancerous precursor 

lesion(data not shown).  The ligated lobe of pancreas tissue 1 

day after PDL revealed extensive edema with separation of acini, 

predominantly acute inflammatory infiltrate consisting mostly of 

segmented neutrophils and cell death due to necrosis and 

apoptosis.  The extracellular matrix was extensive, but the 

cellular and fibrous elements were sparse. The lobular 

architecture was maintained albeit altered.  By 2 days after PDL, 

it was possible to detect the beginning transition of acini (Fig. 

1D).  The lumen was enlarged in some acini.  By 4 days after 

PDL, the acinar architecture was poorly organized, with loss of 

nuclear polarity and irregular acinar borders.  Apoptotic bodies 

were visible in some acinar units.  The total volume of acini 

appeared to be reduced markedly.  On the contrary, cuboidal 

duct-like epithelia increased in number and formed prominent 

small duct-like structurcs.  Well-developed tubular complexes 

arranged like pancreatic lobules were present in some areas.  

The process of formation of tubular complexes continued, as 

evidenced by lobules in transition from mostly acinar cells to 

accumulations of tubules (Fig. 1E).  By 6 days after PDL, there 
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were few remaining acini, and these appeared to be poorly 

organized.  The gland was fibrotic and showed an extensive 

inflammatory process composed predominantly of mononuclear 

cells.  There were numerous duct-like structures throughout the 

ligated lobe.  The lobules were clearly demarcated where acinar 

cells had completely disappeared, and the small duct-like 

structures with clear dilated lumens formed what we might call a 

“duct-tubular complex” (Fig. 1F).  Duct-tubular complexes have 

been considered precursor lesions of adenocarcinoma produced 

by implantation of DMBA into the rat pancreas.  In time 

ductular hyperplasia and carcinoma in situ develop in tubular 

complexes.43 
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Fig. 1  Common morphologic change in the pancreas disease 

including human cancer and mouse pancreatitis from induced PDL 

(D-F) : Acinar to ductal metaplasia.  

Hematoxylin and Eosin staining of mouse normal pancreas (A), mouse 

extensive ductal metaplasia in MT-TGFα pancreas 24 weeks after 

induction of TGF-α overexpression10 (B), human pancreatic cancer (C) 

(original magnification 200X), mouse pancreas ductal ligation (PDL) 

tissue (D)-(F)(original magnification X400).  (D) By 2 day after PDL, 

acini are separated by edema.  Enlarged lumens are evident in some 

acini as the transition to ductular structures begins.  (E) By 4 days 

after PDL, acini are disappear, fully developed tubular complexes are 

present, maintaining somewhat the architecture of lobules.  (F) 

Transition from lobules to ductal tubular complexes continues at 6 days 

after PDL.  
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  2.  Expression of Bmi1 and characteristics of acinar to 

ductal metaplasia in mouse Pancreas Ductal Ligation 

tissue 

 

As a structural marker of acinar, amylase staining was 

performed on paraffin sections of mouse normal(Fig. 2A) and 

pancreas ligated- tissue (Fig. 2E, I, M ; 2, 4, and 6 days after PDL 

respectively).  The localization of amylase in the cells forming 

the periphery of these structures indicated they were acinar cells 

that retained.  2 days after PDL tissues showed strong staining 

in acinar.  There was evidence that the acinar still remain with 

their property (Fig. 2E).  4 days after PDL, interlobular acinar 

cytoplasm continued to be stained by amylase.  The novel duct-

like epithelium stained negatively for amylase.  Nonductal 

elements showed evidence of amylase staining (Fig. 2I).  6 days 

after PDL, further changes in tubular complexes were focal.  

Fusion of tubules produced less complex structures with larger 

lumens and elongated epithelial cells and multiple-layered alls.  

The ductal tubular complex epithelium stained negatively for 

amylase. (Fig. 2M).  Amylase in the transitional stages indicated 

the continuing participation of acinar cells in the process.  It 

indicate transdifferentiation of mature ductal membrane.   

Serial section staining for Shh(Fig. 2B, F, J, N), Bmi1(Fig. 2B, 

E, H, K) and p16 (Fig. 2D, H, L, P) was performed.  The INK4a 

locus is a target of the polycomb complex, which includes Bmi1.  

Recent studies noted p16 deficiency in many cancers, and a 

distinct distribution of Hedgehog signaling including Bmi1 with 

p16 has been observed in cancers.   
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Normal mouse pancreas does not express detectable levels of 

Shh(Fig. 2B); however, as the acinar to ductal epithelium shows 

increasing degrees of atypia, PDL day 2 to 6 (Fig. 2F-N), a 

higher expression of Shh is observed on cytoplasm and nuclear 

areas in both acinar cell(Fig. 2J; white-arrowhead) and duct-like 

epithelium(Fig. 2J-N; black-arrowhead).   

The modulation of Bmi1 is observed in several tumor tissues, 

and its heightened protein level is suspected to be involved in 

tumorigenesis by acting as a transcriptional repressor in the 

INK4a locus.  Bmi1 is regularly expressed in normal mouse 

pancreas.  Negatively or weakly to moderate nuclear staining for 

Bmi1 was found in acinar both normal(Fig. 2C) and 2days after 

PDL (Fig. 2G; white-arrowhead).  4days after PDL, Bmi1 was 

strongly expressed in nuclear of abnormal acinar(Fig. 2K; white-

arrowhead) and dutal like-epithelium(Fig. 2K; black-arrow) than 

2days after PDL.  Also strong Bmi1 staining of metaplastic duct 

observed in 6 days after PDL(Fig. 2O; black-arrow).  Note that 

staining intensity increased in the PDL tissue through that 

morphologocal change as acinar to duct metaplasia.  The PDL 

tissue showed negative or weak p16 staining in duct like-

epithelium and acinar(Fig. 2D, H, L, P).  p16 was not consistent 

completely, with subsequent appearance of Bmi1.  
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Fig. 2  Immunohistochemistry of histologic mouse pancreas 

normal (A-D) and tissue of PDL after 2days(E-H), 4days(I-L) and 

6days(M-P) days.  Staining of amylase(A, E, I, M), Shh(B, F, J, N), 

Bmi1(C, G, K, O) and p16(D, H, L, P)(original magnification 400X). 

Amylase staining in the transitional stages, seemed to worsen as the 

PDL days progressed and it indicated the decreasing participation of 

acinar cells(A, E, I, M).  Elevated Shh(B, F, J, N) and Bmi1(C, G, K, 

O) expression was largely distributed on cytoplasm and nuclear areas in 

both acinar(white-arrowhead)and duct-like epithelium(black-arrow) of 

2, 4, 6 days after PDL, respectively.  The expression of p16 was not 

detected in most of the PDL tissue(D, H, L, P) 
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To elucidate the modulation of Bmi1 in PDL tissue, we 

examined some markers and Hedgehog pathway, including Bmi1, 

transcript levels(Fig. 3A) and protein expression level(Fig. 3B).  

These transcripts are listed in Table 1.  The relative levels of 

expression of the markers and Hedgehog pathway transcript in 

PDL tissues were determined as a ratio between the transcript and 

actin, the housekeeping gene, to correct for the variation in the 

amounts of mRNA and protein.  Measurement of quantification 

with TINA image software and visualize for graph(Fig. 3A).  

CK19 is a marker of ductal cells in exocrine pancreas.  These 

processed occured in significant increase in the activity and 

expression of CK19 in ligation period from 2days after PDL to 

6days after PDL.  CK19 was a widely distributed cytokeratin 

which is expressed in many simple epithelium.  It was 

intermediate filament which was expressed in pancreatic ductal 

cell and has been used in many studies to identify normal as well 

as metaplastic pancreatic duct. 

Role of nestin is a marker of precursor cells in developing 

exocrine pancreas44.  We evaluated nestin expression at various 

stages of induced acinar to ductal metaplasia by PDL.  Using 

RT-PCR, we detected little to nestin expression in freshly 

harvested control tissue.  Nestin transcripts remained detectable 

throughout the PDL period. It indicates that PDL cells have 

property of precursor state. 

The roles of the Hedgehog pathways in pancreas ductal 

adenocarcinoma pathogenesis have recently been appreciated, 

further drawing attention to the connections between 

development and cancer.  The relationship between pancreatic 
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disease and the development of pancreas cancer are discussed.  

The mammalian Hedgehog family of secreted signaling proteins 

comprised of Sonic, Indian, and Desert Hedgehog (SHH, IHH, 

and DHH, respectively) regulates the growth and patterning of 

many organs, including the pancreas, during embryogenesis45.  

The Hedgehog pathway is negatively regulated by the Patched 

(PTC) tumor suppressor protein, which tonically inactivates the 

Smoothed protein (SMO).  Hedgehog ligands engage the PTC 

transmembrane protein and disrupt inhibition of Smo, activating 

the Gli family of transcriptional regulators.  Alterations that 

activate this pathway, including loss of PTC, activating mutations 

in SMO, and overexpression of Gli and HH proteins, have been 

implicated in a variety cancers.  Activation of the Hedgehog 

pathway has been implicated in both the initiation of pancreatic 

ductal neoplasia and in the maintenance of advanced cancers.  

SHH is absent from the normal adult pancreas, but is activated in 

PanINs, exhibiting a graded increase in progressively later-stage 

lesions and carcinomas, where signaling seems to be necessary 

for tumor maintenance46, 47.   

Following of hedgehog pathway, also we evaluated Shh, Gli1, 

Bmi1, p16 expression at various stages of induced acinar to 

ductal metaplasia by PDL using RT-PCR.  Upregulated Shh and 

Gli1 expression continued to rise during progression of acinar to 

ductal metaplasia, with peak transcript levels detected on 4days 

after PDL tissue.  The Bmi1 mRNA level was also continuously 

maintain in PDL tissue and normal control and express with peak 

level on 4days after PDL tissue.  However, p16 mRNA level 

was negatively or weakly detected.  Bmi1, which is a potent 
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negative regulator of the p16, suppresses senescence (Fig. 3A).  

The Bmi1 protein level was also continuously maintain in 2, 4, 

6 days tissue after PDL and normal control tissue.  Elevated 

Bmi1 expression was detected with peak level on 4days after 

PDL(Fig. 3B). 
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Fig. 3  RT-PCR and Westernblot of Bmi1 in m PDL tissue.  

(A) mRNA expression level and graph of measurement. (B) protein 

expression level of Bmi1.  The epithelial ductal cell marker CK19 

were persistently expressed in the most of PDL tissue.  It indicate that 

ductal cells change from acinar cells.  Nestin is a marker of precursor 

cells in developing exocrine pancreas.  Shh, Gli1, Bmi1, p16 is 

downstream of Hedgehog pathway.   
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3. Expression of Bmi1 and characteristics of acinar to 

ductal metaplasia in primary serial culture from mouse 

normal Pancreas  

  

The metaplastic conversion of acinar cells to ductal cells can 

be recapitulated by culturing pancreatic epithelium in vitro.  

When mammalian exocrine are cultured in or on an appropriate 

matrix, loss of acinar cells is frequently associated with a 

reciprocal increase in ductal epithelium4-7.  Although a variety 

of culture conditions have been shown to promote this acinar to 

ductal conversion, the molecular and cellular mechanisms are not 

known.  A similar transdifferentiation is observed in vitro with 

primary cultured rat acinar cells15, 19.  Upon transdifferentiation 

of the acinar cells to duct-like cells, these express the same 

markers that were found in the in vivo metaplastic cells.  This 

transdifferentiation occurs in the presence of fetal bovine serum 

and is an example of direct transdifferentiation, i.e., without cell 

division. Previously, spontaneous acinoductal transdifferentiation 

has also been described in cultured exocrine cells from mouse4, 

guineapig20, and human21 origin.  

We have used in vitro metaplastic conversion to understand 

processes underlying epithelial metaplasia in mouse pancreas to 

identify expression of Bmi1 regulating pancreatic metaplasia.  

Induced acinar to ductal metaplasia by mouse Pancreas Ductal 

Ligaiton (PDL) which is damage to pancreas artificially.  

Isolated mouse normal tissue was digested using collagenase and 

the resulting cellular aggregates were cultured in vitro.  In the 

case of normal tissue, acianr cells aggregated by 1 to 3day of 
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culture and start to spread out by 4 to 5 day (Fig. 4A-F).  The 

maintenance of this weill-differentiated morphology has been 

limited to the first 6 to 8 days.  Acinar cells underwent 

transdifferentiation during the initial stages of the culture period 

into duct-like cells.  At day 0 (Fig. 4A), the exocrine cells within 

the isolated exocrine cells negatively exhibited level of CK19, 

ductal cell marker (Fig. 5).  Following 3days of culture the acini 

underwent major morphological alteration.  Furthermore, from 

day 5 to 8, the phenotype of the digested pancreatic cells was 

almost exclusively acinar phenotype, yet within 8days of culture 

the cells had taken on a CK19 positive ductal phenotype (Fig. 

4D-E and Fig. 5).  

Also, using primary serial cultures, we elucidate the role of 

Bmi1 in normal pancreas tissue primary culture, and examined 

some markers and Hedgehog pathway, including Bmi1, transcript 

levels (Fig. 5).  The acinar cells undergo conversion to 

metaplastic ductal epithelial cells in response to Hedgehog 

signaling; that this represents a transdifferentiation event 

involving conversion of terminally differentiated acinar cells to 

ductal epithelial phenotype and that this transdifferentiation 

occurs via intermediates that are nestin positive and express 

CK19 ductal markers (Fig. 5).  These results provide a novel 

example of rigorously documented acinar to ducal metaplasia, 

and suggest that plasticity of exocrine cells may contribute to the 

generation of neoplastic precursors.  Shh and Gli1 expression 

was continuously detected during primary culture period which  

progress acinar to ductal cell conversion.  However, Shh and 

Gli1 expression was negatively or weakly detected on 5 days and 
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5-10days after primary culture, respectively.  Thease results 

may involve to the fibrosis of culture cells and those tissue, 

because pancreas ductal ligation induced a lot of fibrosis, 

apoptosis and necrosis.  Bmi1 mRNA level was continuously 

maintain in normal primaty culture cells.  However, p16 mRNA 

level was negatively or weakly detected during primary culture 

period.  
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Fig. 4  Photograph of time course of morphological changes in 

mouse normal pancreatic cells.   

Primary culture days ; (A) day0, (B) day1, (C) day3, (D) day5, (E) 

day8 , (F) day15.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  RT-PCR and graph of measurement in primary culture 

cells. 
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ⅣⅣⅣⅣ.  DISCUSSION 

 

Recent studies have shown that acinar exocrine cells of the 

adult pancreas retain differentiation plasticity and can undergo 

various phenotypic switches including transdifferentiation to 

duct-like from acinar which we called acinar to ductal metaplasia. 

These transdifferentiations are preceded by a dedifferentiation 

event wherein the cells lose amylase expression and gain CK19 

expression. We could also demonstrate that after experimental 

injury to the pancreas and after cell isolation, exocrine acinar cell 

marker amylase activity was not preserved.  In contrast to this 

decrease of amylase activity, expression of CK19 as a ductal cell-

specific marker was increased during PDL procedure and PDL 

primary culture period.  These results provided evidences for the 

transdifferentiation of pancreatic acinar to ductal metaplasia and 

support for the hypothesis that acinar cells might represent the 

carcinogenic event in pancreas.  Because, in pancreas ductal 

adenocarcinoma, acinar cells are disappear and duct cells make 

up over 90% of ductal adenocarcinoma, dominant form of 

pancreas cancer.  Like this, acinar to ductal metaplastic 

conversion is broadly defined as replacement of one predominant 

cell type in pancreatic cancer and is frequently associated with an 

increased risk of subsequent neoplasia.  As previously reviewed 

at introduction, tissue metaplasia may result from a variety of 

cellular mechanisms.  These include selective expansion of 

differentiated cell types ordinarily present in low abundance, 

trans-determination (or re-programming) of local tissue specific 
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stem cells, or by actual transdifferentiation of one mature cell 

type to another, either directly or via an undifferentiated 

intermediate.  This differentiation of exocrine tissue has been 

described in a number of in vivo models of pancreatic 

regeneration.  It is generally held that since human pancreatic 

cancers have a phenotype similar to that of normal ductal 

epithelium.   This would imply that carcinogenic events occur in 

duct cells.  However, there are some evidences that the main 

pancreatic ducts are not the primary sites of origin of pancreatic 

neoplasia.  Acinar cell abnormalities have been described in 

human pancreatic carcinogenesis.  Ultrastructural studies have 

suggested that the earlist region in hamster pancreatic cancer 

model involved the centro-acinar cells or cells of acinar 

origin.  These studies point to the phenotypic plasticity of 

pancreatic acinar cells but might be explained by the possible 

leakly expression of acinar promoters in ductal epithelial cells.  

This would imply that carcinogenic events occur by acinar origin 

or centro-acinar.  We could demonstrate that the plasticity of the 

transdifferentiated exocrine cell is involves the convertion of 

ductal cell property and morphology in response to a variety of 

stimuli including carcinogen. 

Pancreatic ductal adenocarcinoma (PDA) is one of the most 

deadly human tumors, with less than a 3% 5 year survival rate.  

Painstaking histological, genetic, and clinical studies have 

identified different ductal preneoplastic lesions as potential 

precursors of PDA.  The preneoplastic lesions that display 

increased architectural and cytological atypia has been associated 

with specific genetic changes.  Increased histological changes 
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are associated with inactivation or loss of the p16INK4a tumor 

suppressor.  High-grade preneoplastic lesion often display 

inactivation of p53, loss of SMAD4, and loss of BRCA2 with 

various frequencies.  These genetic alterations are also found in 

PDA, thus supporting the concept that preneoplastic lesions are 

precursors of the tumors49,50.  We also occasionally observed 

areas of metaplasia which regard for precusor lesion of pancreatic 

cancer (data not shown).  6 days after PDL, further changes in 

tubular complexes were focal.  Thinning of the tubular wall 

became extreme in some places.  Fusion of tubules produced 

less complex structures with larger lumens.  Tubules showed 

elongated epithelial cells and multiple-layered.   

Furthermore, in adult mammalian tissues, the specific 

mechanisms underlying metaplastic events have rarely been 

rigorously defined, reflecting the challenges associated with 

confirming precursor-progeny relationships in a multilineage 

context.  It remains to be discovered which are the key 

transcription factors and signaling pathway(s) involved in the 

initial dedifferentiation that leads to plasticity.  Some signaling 

pathways were candidated, for example Wnt, Notch and 

Hedgehog signaling pathway.  Among them, the roles of the 

Hedgehog signaling pathways in pancreas ductal adenocarcinoma 

pathogenesis have recently been appreciated, further drawing 

attention to the connections between development and cancer.  

The relationship between pancreatic disease and the development 

of pancreas cancer are discussed. Also Hedgehog signaling an 

essential pathway during embryonic pancreatic development, the 

misregulation of which has been implicated in several forms of 
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cancer, may also be an important mediator in human pancreatic 

carcinoma. 

Activation of the Hedgehog pathway has been implicated in 

both the initiation of pancreatic ductal neoplasia and in the 

maintenance of advanced cancers.  Shh is absent from the 

normal adult pancreas, but is activated in precancerous lesion, 

exhibiting a graded increase in progressively later-stage lesions 

and carcinomas, where signaling seems to be necessary for tumor 

maintenance46, 47.   

Regulation of organ size and cell proliferation by Hedgehog 

signaling has also been proposed to explain some aspects of limb 

and forebrain development.  This concept is illustrated in 

cerebellar development, which is one of the best understood 

model of Hedgehog regulated cell growth and proliferation.  A 

Shh gradient established by Purkinje cells regulates expansion 

and proliferation of granule cell precursors.  More recent studies 

have illustrated the capacity of Hedgehog signaling to regulate 

stem cell fates.  Inactivating mutations in Ptch result in aberrant 

Hedgehog pathway activation, and are associated with 

medulloblastoma, a pediatric brain malignancy arising in the 

cerebellum.  These studies suggest that cancer may represent a 

developmental abnormality resulting in aberrant organogenesis, 

in which progenitor/stem cells escape dependence on niche 

signals through mutation in genes such as Ptch, or through 

persistent activation of progenitor cell pathways51-53 

Among them we focus the BMI1 gene for analysis for two 

reasons.  First, BMI1 is an oncogene and we postulated that at 

least some oncogenes would regulate self-renewal.  Second, 
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BMI1 is a member of the Polycomb family of transcriptional 

regulators.  BMI1 regulates self-renewal by an epigenetic 

mechanism in which it suppresses the expression of a large 

number of target genes. Because multiple processes, such as cell 

survival, replication, and differentiation, are involved in self-

renewal, a protein that modulates multiple genes was an attractive 

candidate.  When analyzed at the single cell level, normal 

mouse HSCs, normal human HSCs, and human acute myeloid 

leukemia (AML) stem cells (AML tumor-initiating cells, LICs) 

all expressed high levels of BMI139, 48, 54.  Elevated expression 

of human BMI1 has been reported in multiple cancer samples and 

cancer cell lines24-27.  We also observed that strong expression of 

Bmi1 staining in human pancreas cancer from human tissue 

micro-array(data not shown). 

The exocrine pancreas undergoes metaplastic change in the 

setting of pancreatic diseases8-12.  In this study, a correlation 

between CK19 and amylase in acinar to ductal phenotypic 

conversion and cancer was reported as previously above.  Also 

we observed that Nestin was nearly completely expressed in 

acinar to ductal conversion complexes of induced chronic 

pancreatitis tissue by Pancreas Ductal Ligation..  Up-regulation 

of Nestin in exocrine cells was also reported in other pancreas 

regeneration models.  Concomitant with the observed changes 

in pancreas-specific transcription factors.  Nestin regulates 

precursor cell maintenance, proliferation, and differentiation in 

many cell types during embryonic development.  Besides, the 

role of pancreatic nestin in the inhibition process to suppress 

exocrine differentiation.  Nestin has been found to maintain 
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cells in the precursor state.  We noticed that Bmi1 expression 

remained but differences in expression level during PDL and 

primary culture period.  In addition, many current studies report 

Hedgehog expression which are features of protodifferentiated 

embryonic pancreas in embryonic mouse pancreas.  Our 

observations indicate that re-expression of Hedgehog occurs in 

metaplastic or dedifferentiated acinar cells.  These cells are 

involved in vivo in the regeneration of pancreas tissue.  The 

induced pancreas damage and consequent cellular alterations 

after ligation seem to be more transient, probably explaining why 

the definitive turning-on of the ductal phenotype was not 

achieved.  We should further analyze that the expression of 

Bmi1 at the protein level in PDL, confirm that the protein is 

highly expressed in metaplastic duct cells and is not abundantly 

present in acini.  Our analysis also did not perform a detailed 

study of which cells express different cell types, the exocrine 

cells may be involved, eg, mesenchymal cells, inflammatory cells, 

or endothelial cells.  An accumulation of Bmi1 can result from 

down-regulation of negative regulators or induction of 

stimulators.  After duct ligation, Bmi1 expression is high, 

although proliferation of the metaplastic cells is highly increased 

when compared to the basal growth rate of exocrine acinar and 

duct cells.  It is likely that the growth stimulus coming from 

local production of factors such as transforming growth factor 

stimulates the conversion.  Bmi1 may represent an important 

factor in plasiticity.  These results provide a novel example of 

rigorously documented acinar to ducal metaplasia, and suggest 

that this pathway may an early and critical role in the genesis of 
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this metaplasia and maintenance of hedgehog signaling may 

important for aberrant metaplasia and tumorigenesis.   

Our observations of cellular transdifferentiation suggest that 

the abundant population of acinar cells can serve as a source for 

replenishing lost or incapacitated cells after pancreatic injury.  It 

remains to be studied whether Hedgehog activation can play a 

major role in phenotypic specification of the acinar to ductal 

metaplasia.  We should do to solve and understand about 

metaplastic conversion of these basic processes underlying 

epithelial metaplasia in pancreas: to identify autocrine and/or 

paracrine pathways regulating pancreatic metaplasia; to identify 

the cell of origin for metaplastic ductal epithelium; and to 

identify intermediary cell populations arising during this process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ３７ 

ⅤⅤⅤⅤ.  CONCLUSION 

 

We searched for the mechanisms that regulate the plasticity in 

proliferation and transdifferentiation of pancreatic exocrine cells which 

calls acinar to ductal metaplasia, using pancreatic ductal ligation(PDL).  

Ligation is an established model of tissue damage in which acini 

become metaplastic and transform into tubular duct-like structures. To 

complement the in vivo experimental model, we studied an in vitro 

model of exocrine cell metaplasia.  In this primary culture model, we 

showed conversion of acinar cells to duct-like cells, similar to the duct 

ligation model.  These transdifferentiations are preceded by a 

dedifferentiation event wherein the cells lose acianr cell amylase 

expression, as acinar cell marker and gain CK19 expression, as ductal 

cell marker.  We also observed simillar results that decrease of 

amylase activity, expression of CK19 was increased during PDL 

procedure and primary culture period.  We further define the cellular 

changes at the level of transcription factor expression during acinar to 

ductal metaplasia in these experimental models.  We focused on 

Hedgehog signaling, especially Bmi1 which implicated to sustain self-

renewal stem cell, because it is known to represent a crucial regulator 

of cell fate decisions during embryonic development and in many 

different systems including the pancreas.  As a result, from these duct-

like complexes showed that metaplasia process could be considerably 

maintain of stimulation by exogenous Bmi1.  Also steadily expression 

of Nestin is observed.  Nestin has been found to maintain cells in the 

precursor state which regulates precursor cell maintenance, 

proliferation, and differentiation.  In hedgehog signaling, Shh and Gli1 
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was detected positively whereas p16 was detected negatively in PDL 

tissue and primary culture.  As the acinar to ductal epithelium shows 

increasing degrees of atypia, PDL 2 to 6 days, a higher expression of 

Shh, Bmi1 was observed on cytoplasm and nuclear areas in both acinar 

cell and duct-like epithelium whereas p16 was negatively detected. 

These serial expression of Hedgehog signaling is correspond with other 

recent studies which provide a novel example of rigorously documented 

acinar to ducal metaplasia.  These result suggest that Bmi1 may 

contribute to plasticity of exocrine cells and Hedgehog signaling may 

have an early and critical role in this metaplasia and maintenance.  
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배배배배    진진진진    희희희희    

    

    

정상 췌장 조직은 90% 이상의 선방세포(acinar cell)와 10% 

미만의 췌관세포(ductal cell)로 이루어져 있다.  그러나 가장 주된 

췌장암종류 중 하나인 췌관선암(ductal adenocarcinoma)에서는 

90%이상으로 존재하던 선방세포대신 췌관세포 표현형을 보이는 

세포들이 대부분을 차지하고 있다.  이렇게 암화되는 과정에서는, 

선방세포가 취관세포의 표현형을 가지게 되는 변이, 즉 화생변이가 

일어나는 현상들이 관찰된다.  이는 또한 췌장 결찰술을 시행했을 

때나 primary cell culture 과정 등 췌장 조직에 손상이 왔을 때도 

선방세포에서 췌관 세포로의 화생변이가 나타남을 관찰할 수 있다.  

따라서 화생변이는 췌장암을 포함한 췌장 질환에서 나타나는 

공통적인 현상이라고 할 수 있다. 이러한 화생변이가 이뤄지는 

과정은 plasticity 와 관련이 있는 것으로 여겨진다.  그 중에서도 
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이러한 화생변이가 일어나는 발생원인으로 cancer stem cell 이론이 

대두되고 있다.  이것은 암 조직에도 일반 장기처럼 암 조직을 

유지하는 역할을 하는 cancer stem cell 이 존재하며, 이것은 

줄기세포에 유전정보의 변화가 생겨 탄생한 것이라는 가정에서 

출발한 이론으로 최근 혈액암이나 유방암, 뇌암을 비롯한 몇몇 

고형암 조직 내에서 cancer stem cell 이 존재한다는 사실이 계속 

밝혀지면서 ‘cancer is a stem cell disorder’ 라는 cancer stem 

cell 모델이 점점 설득력을 얻고 있다.  통제성 유전자(regulatory 

gene)인 Bmi1 은 transcription factor 로써 이미 stem cell 의 

self-renewal 에 관련된 것으로 알려져 있는데 일부 폐암 및 유방암 

세포에서 Bmi-1 유전자가 발현된다는 최근 몇몇 연구 결과들은 각각 

다른 암세포에도 cancer stem cell 이 존재할 가능성을 제시하고 

있으며 이에 Bmi-1 이 cancer stem cell 에서도 self-renewal 에 

영향을 미칠 것으로 생각된다.  그러나 현재까지 어떤 세포가 암 

발생의 기원세포인가에 대해서는 거의 밝혀진 바가 없으며, 암 발생 

과정에서 종양세포들이 역분화 하는 형태와 유사한 형태를 보이는 

일부 세포들이 해당 기원세포일 것으로 추정하고 있다.  이러한 

가설이 췌장암에서 설득력을 가지는 직접적인 이유는 태생기 

췌장형성 과정 중 췌장을 구성하는 모든 세포는 외분비 

췌장세포로부터 유래된다는 사실에 기인한다.  또한 만성췌장염 및 

췌장암의 형성과정도 태생기의 췌장 발생과정과 매우 유사하게 

진행되는데 췌장암 동물 모델에서 다양한 발암 물질에 노출시켰을 

때 선방세포로부터 췌관 세포로 화생변이 되는 공통적인 현상을 

보이고 있다.  즉 췌장의 암화 과정에 대한 일반적인 이론에 있어서 

췌장암의 발생은 췌관 세포 자체에서 유래된다고 알려져 있으나 

췌관 세포 이외의 세포가 외부적인 자극에 의하여 분화되어 췌관 

세포의 표현형을 갖게 되며 그것으로부터 췌관선암으로 진행될 
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것이라는 가설이다.  이에 본 연구는 in vivo 상에서 쥐의 췌장을 

결찰하여 인위적으로 췌장에 손상을 주고 또한 조직을 분리, 

배양함으로써 in vitro 상에서도 선방세포에서 췌관 세포로의 

화생변이를 재현하였다.  그리고 cancer stem cell 과 연관된 

것으로 알려진 BMI1 을 포함한, 초기 tumorigenesis 에 중요한 

것으로 밝혀지고 있는 Shh signaling 이 어떠한 역할을 하는지 알기 

위해 그 일련의 변화를 관찰하였다.  쥐 췌관 결찰 모델에서 관찰한 

결과, 선방세포 표지자인 amylase 의 감소와 췌관 세포의 표지자인 

CK19 의 증가가 관찰되었고 이는 선방세포는 형태뿐만 아니라 

기능적인 면에서도 췌관 세포로의 특징을 점차 획득하면서 

화생변이가 이루어졌다는 것을 의미한다.  또한 화생변이 

과정에서 Shh signaling 의 ligand 인 Shh 과 Shh signaling 의 

downstream transcription factor 이자 transcriptional target 인 

Gli1, Bmi1 과 췌장 발생시 외분비세포의 전구단계를 조절하는 

것으로 알려진 nestin 의 발현도 계속되었다.  이러한 결과들은 

화생변이과정에 있어서 Bmi1 이 관여하며 태생기 발생시 나타나는 

전구단계 세포의 비정상적인 변화로 인한 암화 초기 과정과의 

연관성을 제시하고 있다.  
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