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Abstract
Recently, there has been significant progress in the 
development of genetically-engineered mouse (GEM) 
models. By introducing genetic alterations and/or sig-
naling alterations of human pancreatic cancer into the 
mouse pancreas, animal models can recapitulate hu-
man disease. Pancreas epithelium-specific endogenous 
Kras activation develops murine pancreatic intraepi-
thelial neoplasia (mPanIN). Additional inactivation of 
p16, p53, or transforming growth factor-β signaling, in 
the context of Kras activation, dramatically accelerates 
mPanIN progression to invasive pancreatic ductal ad-
enocarcinoma (PDAC) with abundant stromal expansion 
and marked fibrosis (desmoplasia). The autochthonous 
cancer models retain tumor progression processes from 
pre-cancer to cancer as well as the intact tumor micro-
environment, which is superior to xenograft models, 
although there are some limitations and differences 
from human PDAC. By fully studying GEM models, we 
can understand the mechanisms of PDAC formation 
and progression more precisely, which will lead us to a 
breakthrough in novel diagnostic and therapeutic meth-
ods as well as identification of the origin of PDAC.
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INTRODUCTION
Pancreatic cancer and biliary cancer are the most lethal 
cancers and the incidence rate is increasing. Currently, 
pancreatic cancer is the fifth leading cause of  cancer 
death in Japan and the fourth in the USA[1,2]. Biliary can-
cer is found most frequently in Japan where it is the sixth 
leading cause of  cancer death[3]. The annual incidence 
and number of  deaths is very close, which indicates the 
high lethality of  both cancers. To overcome these lethal 
cancers, disease models that can recapitulate human 
conditions would be of  great help in understanding the 
details of  the disease and developing novel therapeutic 
approaches.

Previously, xenograft models (i.e. subcutaneous tumor 
and orthotopic tumor) have been used as in vivo tumor 
models by inoculating human cancer cell lines or tis-
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sues into immunocompromised mice. Scientists creating 
genetically-engineered mouse (GEM) models have strived 
to mimic human pancreatic cancer for years, and recently 
models close to the human disease have been established. 
As described below, there are clear differences between 
xenograft tumors and GEM model tumors and the latter 
model is considered a closer approximation of  human 
disease conditions; therefore, using GEM models in pre-
clinical studies will provide various benefits.

Recent progress in GEM models of  pancreatic cancer 
can be called a breakthrough in pancreatic cancer research. 
In this review, I discuss the advances and current limita-
tions of  GEM models of  pancreatic cancer. On the other 
hand, in the biliary cancer field, there is no GEM model 
yet and we are waiting for the establishment one of  such 
a model. I apologize in advance to colleagues whose work 
could not, unfortunately, be sited in this review.

MULTI-STEP CARCINOGENESIS 
HYPOTHESIS OF PANCREATIC DUCTAL 
ADENOCARCINOMA ALONG WITH 
GENETIC ALTERATIONS
Since most pancreatic cancers found in the clinic are “con-
ventional” pancreatic ductal adenocarcinoma (PDAC), 
we should target and model PDAC. Hereafter, I focus on 
PDAC in this review. 

Like the famous adenoma-carcinoma sequence in 
colorectal cancer, a multi-step carcinogenesis hypothesis of  
PDAC, which is linked to an accumulation of  genetic alter-
ations, has currently been consensually accepted clinically: 
As genetic alterations accumulate in normal pancreatic 
epithelial cells, precancer lesions, pancreatic intraepithe-
lial neoplasia (PanIN) emerge, they progress in stage and 
eventually progress into invasive cancer, when tumor cells 
invade beyond the basal membrane[4] (Figure 1). A consti-
tutive active point mutation of  the Kras gene codon 12 has 
already been found at the stage of  early, low grade PanIN 
and found nearly 100% at the invasive cancer stage. There 
is no such highly frequent spot mutation as this in spo-
radic solid cancers, which suggests that the Kras activation 
might truly initiate the PDAC carcinogenesis process. In-
activation of  tumor suppressor genes (TSGs); i.e. p16INK4a, 
p53, Smad4, are found along with the PanIN stage pro-
gression, which suggests that these are also involved in the 
process of  PDAC formation. 

However, PanIN cannot be detected by current diag-
nostic imaging modalities, and, therefore, we usually have 
no chance to observe the transition from PanIN to inva-
sive PDAC.

Recently, by introducing PDAC-related genetic altera-
tions into mouse pancreas, several GEM models reca-
pitulating human PDAC have been established.

To achieve pancreas-specific genetic engineering, 
a Cre-loxP system driven by the PDX1 or Ptf1a (p48) 
gene promoter is mainly employed. PDX1 and Ptf1a 
are expressed from embryonic days 8.5 and 9.5, respec-

tively. Both are required for pancreas development and 
differentiation. The pancreatic epithelium at the adult 
stage contains three lineage cells: acinar cells, duct cells 
(both are exocrine cells) and islet cells (endocrine cells) 
(Figure 2). Since PDX1 and Ptf1a are expressed before 
divergence into these three lineages, Cre-loxP recombina-
tion is executed in all the three lineages. If  PDAC really 
originates from normal pancreatic duct cells, pancreatic 
duct cell-specific genetic alteration might be the best ap-
proximation. However, to date, there is no available pan-
creatic duct-specific promoter. Therefore, the PDX1 or 
Ptf1a-driven models cannot provide definite answers as to 
whether the duct cells are the real origin of  PDAC. How-
ever, these models show murine PanINs (mPanINs) and 
develop PDAC. Considering that previous GEM models 
resulted in only acinar cell carcinoma or islet cell tumors, 
current models are very close to human PDAC.

ENDOGENOUS KRASG12D EXPRESSION 
MODEL 
Current GEM models of  PDAC have been improved 
greatly by the establishment of  the “endogenous” KrasG12D 
expression model[5]. When a constitutively active mutant 
KrasG12D protein is expressed in a pancreas epithelium-
specific manner, the mice demonstrate a gradual mPanIN 
progression, which is very close to human PanIN. This 
history-making model elucidates that the Kras mutation, 
almost always found in human PDAC, is necessary and 
sufficient for an initiation of  PDAC carcinogenesis. Sub-
sequently, this endogenous KrasG12D expression model 
became a platform for the following GEM models of  
PDAC.

In this endogenous KrasG12D expression model, one 
Kras gene locus is substituted by a sequence of  LSL-
KrasG12D (Figure 3). The LSL-KrasG12D contains a loxP-
stop-loxP (LSL) sequence inserted in the promoter re-
gion upstream of  the KrasG12D protein coding sequence. 
Therefore, only in the pancreas epithelium, where Cre 
recombinase is expressed, the stop sequence is cut out 
and downstream KrasG12D protein expression is switched 
on. Here it is referred to as “endogenous”, because the 
KrasG12D protein is expressed at a physiological level un-
der the control of  the native Kras promoter. The “expres-
sion at a physiological level” seems very important in this 
context. Previous Kras transgenic models might have had 
an excess level of  transcript, which then failed to reca-
pitulate PDAC formation in human disease. 

In this pancreas epithelium-specific endogenous Kras-
G12D expression model, mPanIN emerges at a couple of  
weeks of  age and progresses in stages over time. mPanIN 
shows close similarity with human PanIN including 
strong COX-2 (cyclooxygenase-2) and Hes1 expres-
sion. However, they do not progress into invasive PDAC 
within a year. This suggests that Kras activation might be 
sufficient to initiate PDAC carcinogenesis, but a second 
event might be required to accelerate the process into in-
vasive PDAC formation.
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MODELS OF ENDOGENOUS KRASG12D 
EXPRESSION PLUS INACTIVATION OF 
TUMOR SUPPRESSOR
In combination of  endogenous KrasG12D expression and 
inactivation of  TSGs, as shown Figure 1, invasive PDAC 
models have been established. They have been established 
with endogenous KrasG12D expression plus p16INK4a/Arf 
knockout[6], or mutant p53 expression[7], or p53 knock-
out[8], or transforming growth factor-β receptor 2 (Tgfbr2) 
knockout[9]. In December 2004, an epoch-making meeting 
“Pancreatic cancer in mice and man: the Penn Workshop 
2004” was held at the University of  Pennsylvania. A 
number of  well-known pathologists of  human pancre-
atic cancer joined and reviewed existing GEM models of  
pancreatic cancer, and completed a consensus report on 
GEM models of  PDAC[10]. In the report, models includ-
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Figure 1  Multi-step carcinogenesis hypothesis of pancreatic cancer. As genetic alterations of Kras, p16INK4a, p53, Smad4 and BRCA2 accumulate, the pre-cancer 
lesion pancreatic intraepithelial neoplasia (PanIN) occurs and progresses from low-grade (1A, 1B) to high-grade (2, 3) and to invasive cancer. The frequency of each 
genetic alteration at the invasive cancer stage is also shown.
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Figure 2  Cell differentiation program in the pancreas. PDX1 and Ptf1a genes are expressed on E8.5-9.5 d, which determines the cell fate in the pancreas epithe-
lium. By using the PDX1 or Ptf1a gene promoter-induced Cre-loxP system, all three lineages (islet, acini and duct) have the designed genetic alterations. The cell of 
origin of pancreatic ductal adenocarcinoma (PDAC) is still under discussion. Experimentally, PDAC can be derived from all three lineages. 
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ing the endogenous KrasG12D expression were recognized 
as the closest approximation of  human PDAC carcino-
genesis through PanIN, although acinar-ductal metaplasia 
was commonly observed and might have progressed into 
PDAC in the GEM models.

Among these endogenous KrasG12D plus TSG inactiva-
tion models, KrasG12D plus p16INK4a/Arf knockout was the 
first published model of  invasive PDAC[6]. In this model, 
PDAC grows very rapidly and aggressively invades other 
organs directly. The median survival time is nearly 8 wk 
and all animals die by 11 wk of  age. It seems that they die 
too quickly to form distant metastasis. The second one 
was the KrasG12D plus mutant p53 expression model[7]. In 
this model, mutant p53 protein is expressed at a physi-
ological level by the endogenous p53 promoter. This 
model develops PDAC and frequent metastasis to the 
liver and/or lung, the most frequent sites of  metastasis 
in human PDAC. The median survival is nearly 5 mo. 
Inactivation of  p53 also causes chromosomal instabil-
ity. These endogenous KrasG12D plus TSG inactivation 
models, including KrasG12D plus p16 knockout and KrasG12D 
plus p53 knockout[8], basically demonstrate differentiated 
PDAC with expanded stromal components, which is very 
close to human PDAC compared to previous models. 
However, these models also frequently contained undif-
ferentiated tumors, sarcomatoid tumor or anaplastic car-
cinoma, which are infrequent in human PDAC.

ENDOGENOUS KRASG12D EXPRESSION 
PLUS TGFBR2 KNOCKOUT MODEL 
We established the endogenous KrasG12D expression plus 
Tgfbr2 knockout model[9]. The mice demonstrate only dif-
ferentiated ductal adenocarcinoma without any undiffer-
entiated or sarcomatoid tumor histology, which suggests 
that this model might have the closest histology with hu-
man PDAC.

TGF-β, a well-known cytokine with multiple func-
tions in various conditions, has a growth inhibitory effect 
on epithelial cells and is recognized as a tumor suppres-
sor in the early stages of  carcinogenesis[11]. The TGF-β 
ligand binds to two membranous receptors of  serine/
threonine kinase and the downstream signals are mainly 
transduced through the Smad2/3/4 pathway. In human 
PDAC, Smad4 gene deletion or mutation is found in more 
than 50% of  patients, which is characteristically frequent 
compared with other cancers[12]. Tgfbr2 gene mutations 
are less than 5%[13], however, it is also reported that down 
regulation of  Tgfbr2 gene expression is observed in nearly 
50% of  PDAC[14].

We mimicked a blockade of  TGF-β signaling by 
Tgfbr2 knockout, a little upstream of  Smad4. The endog-
enous KrasG12D expression plus Tgfbr2 knockout model 
shows mPanIN-like lesions at 3 wk of  age and a rapid 
progression to PDAC in a few weeks. Almost all normal 
pancreas structure is lost by 6-7 wk of  age, followed 
by death, with a median survival of  59 d (8 wk). In this 
clinical course, the mice demonstrate abdominal disten-

sion (92%), body weight loss (80%), ascites (60%) and 
jaundice (12%), which were frequently found in human 
PDAC patients. The histology is differentiated ductal 
adenocarcinoma with abundant stromal components and 
marked fibrosis (desmoplasia), which is very close to hu-
man PDAC (Figure 4). Furthermore, this model does not 
contain sarcomatoid tumor histology as described above, 
which is considered an advantage of  this model. Most 
of  the mice die too quickly to form distant metastasis, 
however, some mice infrequently lived over 20 wk and 
all of  them showed metastasis to lung and liver as well as 
peritoneal dissemination, which suggests a highly invasive 
potential.

The endogenous KrasG12D expression plus Smad4 knock-
out model was also published by three groups. Surprisingly, 
all of  them showed cystic tumors in the pancreas, which 
is considered as an approximation of  intraductal papillary 
mucinous neoplasm (IPMN) or mucinous cystic neoplasm 
(MCN), different precancer lesions of  PDAC[15-17]. There-
fore, although the Smad4 gene is frequently altered in hu-
man PDAC, Tgfbr2 knockout in the context of  the KrasG12D 
expression can model human PDAC better than Smad4 
knockout in mice. The KrasG12D plus Smad4 knockout 
model is rather useful for understanding IPMN. IPMN is 
considered a pre-cancer lesion with a long latent period 
and much better prognosis than conventional PanIN to 
PDAC. Recently, however, cases of  concomitant PDAC 
distant from benign IPMN lesions have gained attention. 
The IPMN models might help in dissecting the relation 
of  PDAC and IPMN.

FUTURE DIRECTIONS OF 
TRANSLATIONAL RESEARCH USING 
GEM MODELS OF PDAC
Advantages of GEM models and evaluation of novel 
therapeutic methods
To date, xenografts, subcutaneous or orthotopic tumors 
injected with human PDAC cell lines into immunocom-
promised mice, have been mainly used as in vivo models 
of  PDAC. Evaluation of  new therapeutic drugs has also 
been performed by using the xenografts. In the future, 
GEM models are to be mainly used in various investiga-
tions instead of  xenograft models.

The GEM models have the following two major 
advantages compared to the xenografts: intact tumor 
progression processes after the engineered genetic al-
terations and intact tumor microenvironment including 
tumor-stromal interactions. In xenografts, invasive tumor 
is suddenly implanted without any pre-cancer processes. 
In addition, the significance of  the tumor microenviron-
ment has been recently drawing attention. PDAC tissues 
characteristically contain a relatively small number of  
cancer cells and abundant stromal components, which is 
difficult to mimic by xenograft models. Cancer-associated 
fibroblasts, tumor-associated macrophages and neutro-
phils might play important tumor-promoting roles, which 
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might be also incomplete in immunocompromised mice.
Olive et al[18] recently directly compared tumors of  

xenografts and GEM models of  PDAC (endogenous 
KrasG12D expression plus mutant p53 expression) and re-
ported that in xenograft models, blood vessels are very 
close to tumor cells and chemo reagents are effectively 
delivered into the tumors, whereas, in GEM tumors there 
is dense stroma between the tumor cells and blood ves-
sels, which results in impaired delivery and anti-tumor ef-
fects. To date, a number of  clinical trials for PDAC have 
been executed. Although every therapeutic regimen has 
had a significant anti-tumor effect in preclinical studies, 
almost all have failed to show superiority to gemcitabine, 
a current standard chemo reagent. This might also be ex-
plained by the difference in the tumor microenvironment 
between the xenografts and real human tumors, which 

might be a parallel between xenografts and GEM tumors 
as described above. Therefore, GEM models might be 
better for evaluating novel drugs in preclinical studies. 
Singh et al[19] also compared responses of  chemothera-
peutic regimens between a GEM model (endogenous 
KrasG12D expression plus p16INK4a/Arf  knockout) and human 
PDAC patients and stated that the GEM model faithfully 
reproduces similar survival results of  previous human 
clinical trials. Most xenograft studies have evaluated anti-
tumor effects by tumor volume or size and number of  
metastases, but not by survival. In the preclinical studies 
using GEM models, novel therapeutics can be evaluated 
by overall survival rate as a primary endpoint (and also by 
progression-free survival as a secondary endpoint by us-
ing imaging modalities), which is also advantageous and 
closer to the human situation.

199 May 10, 2011|Volume 2|Issue 5|WJCO|www.wjgnet.com

Figure 4  Endogenous KrasG12D plus transforming growth factor-β receptor 2 knockout pancreatic ductal adenocarcinoma. A, B: Macroscopic appearances 
and a survival curve of the endogenous KrasG12D plus transforming growth factor-β receptor 2 (Tgfbr2) knockout pancreatic ductal adenocarcinoma (PDAC) mice; A: 
Abdominal distension and bloody ascites are observed. Black arrowhead indicates the tumor; B: The whole pancreas is occupied by tumor and enlarged (white arrow-
heads). Jaundice is also observed here; C-H: Microscopic appearance of the endogenous KrasG12D plus Tgfbr2 knockout PDAC; C, D: Differentiated ductal adenocar-
cinoma with abundant stroma is observed in HE sections; E: Marked fibrosis and desmoplasia is observed. The blue color indicates fibrosis in trichrome blue staining; F: 
Positive immunostaining of cytokeratin 19 indicates a ductal phenotype tumor; G, H: The tumor has a metastatic potential to the lung (G) and liver (H).
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Discovery of early diagnostic methods for PDAC
In trying to establish an early diagnostic method, pro-
teomic analysis of  peripheral blood samples from the en-
dogenous KrasG12D or endogenous KrasG12D plus p16INK4a/
Arf  knockout models has been performed[5,20]. These 
studies revealed several molecules whose plasma levels 
change between PDAC- and mPanIN-bearing mice, or 
mPanIN and normal mice. The molecules are considered 
as potential candidates for novel tumor markers that dra-
matically renovate an early diagnostic strategy of  PDAC. 
Imaging modalities are also important, especially for 
evaluating tumors in live animals. Progress in ultrasound, 
CT and MRI for small animals as well as contrast or sen-
sitizing agents will also open the pathways for the devel-
opment of  novel diagnostic strategies in PDAC.

Elucidating underlying mechanisms of PDAC 
carcinogenesis 
Since the constitutively active Kras mutation is observed 
in almost all PDAC patients, the downstream MAPK and 
PI3K signals are also activated in these patients. On the 
other hand, amplification of  the epidermal growth fac-
tor receptor gene, upstream of  Kras, is also frequently 
found in PDAC[4]. Hedgehog, Notch signal activation and 
COX-2 overexpression are also clinically observed. This 
activated signaling is reproduced in the GEM models de-
scribed above, therefore, inhibition of  this signaling may 
lead to potential therapeutic targets. Inhibition of  Hedge-
hog or Notch signaling has already been reported with 
significant anti-tumor effects using some GEM mod-
els[18,21,22]. The impact of  anti-tumor effects (the extent of  
survival elongation) might be associated with the funda-
mental mechanisms of  PDAC carcinogenesis and pro-
gression. Understanding the entire image of  intracellular 
signaling in the GEM PDAC cells and dissecting underly-
ing mechanisms of  PDAC formation and progression 
will allow us to select the most effective combination of  
targeted molecules or signaling to treat or prevent PDAC 
carcinogenesis and progression.

Understanding a tumor microenvironment and its 
contribution to PDAC progression
Stromal expansion and marked fibrosis is the primary 
feature of  PDAC tissue, which suggests that tumor-
stromal interactions might be associated with the extent 
of  biological malignancy of  PDAC. Thus, we screened 
for secreted factors from PDAC cells into the tumor 
microenvironment using the endogenous KrasG12D expres-
sion plus Tgfbr2 knockout model and found that several 
CXC chemokines are much more highly produced and 
secreted by the PDAC cells compared with the mPanIN 
cells. The CXC chemokines mainly affect the receptor 
CXCR2 in the stromal fibroblasts, rather than the PDAC 
cells autonomously, to induce connective tissue growth 
factor (CTGF) expression. CTGF strongly promotes 
fibrosis and tumor angiogenesis, resulting in tumor pro-
gression. Moreover, treating the mice with a CXCR2 
inhibitor demonstrates anti-tumor effects and prolongs 

survival significantly (manuscript in submission). Inhibi-
tion of  Hedgehog signaling described above also reduces 
the stromal volume significantly and modulates tumor 
vasculature[18]. Previously, chemotherapies have been 
developed to target only cancer cells, however, blocking 
tumor-stromal interactions and modulating the tumor 
microenvironment, including angiogenic components 
and/or inflammatory/immune cell regulation, can have 
a synergistic therapeutic effect in combination with con-
ventional chemotherapies (Figure 5).

Approaching the cell of origin for PDAC
In the multi-step carcinogenesis hypothesis, as shown 
Figure 1, the cell of  origin for PDAC has been consid-
ered as a normal pancreatic duct cell. This seems to be 
a clinical consensus, since mutations of  Kras, p16INK4a 
and p53, for example, have not been detected in the 
acinar cells closely located to cancer cells in the clinical 
samples.

The GEM models described above generally use the 
PDX1 or Ptf1a promoter, which results in genetic altera-
tions occurring in all pancreatic epithelial cells. Therefore, 
these models cannot answer whether the duct cells are 
really the only cells of  origin for PDAC or not (Figure 2). 
More recently, GEM models that have genetic alterations 
in more localized cell lineages and/or inducible alterations 
at the adult stages have been reported, which allowed us 
to approach the cell of  origin for PDAC. “Inducible” 
GEM models contain the tamoxifen-inducible CreER sys-
tem or tetracycline-inducible Tet-ON/OFF system.

Recent reports revealed that endogenous KrasG12D 
expression in acinar cell lineages at the adult stages, using 
the acinar cell marker Elastase I or Mist1 gene promoter, 
demonstrate mPanIN formation, which indicates that 
PDAC could be derived from acinar cells in mouse mod-
els[23,24]. Another report describes Kras activation in aci-
nar cells or insulin-producing endocrine cells at the adult 
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stage, followed by pancreatitis using the chemical reagent 
caerulein, frequently demonstrated mPanIN, which indi-
cates that inflammation could promote transdifferentia-
tion from acinar or islet cells to duct-like cells and also 
promote carcinogenesis in mouse models[25,26]. These 
results suggest that PDAC could be derived from acinar 
and islet cells in mouse models. However, mature acinar 
and islet cells seemed refractory to mPanIN formation 
and required inflammation[25,26]. To date, pancreatic duct 
cell-specific GEM models have not been established. The 
duct-specific “inducible” GEM model is the closest ap-
proximation of  the human PDAC carcinogenesis hypoth-
esis and will give us a chance to understand PDAC com-
pletely. On the other hand, the Nestin-cre; LSL-KrasG12D 
model also shows mPanIN formation, which indicates 
that nestin-positive cells could be the cells of  origin for 
PDAC[27]. Nestin is an intermediate filament protein pre-
dominantly expressed in stem cells of  the central nervous 
system and is also known to be expressed in progenitor 
cells of  the exocrine pancreas epithelium. Taken together, 
PDAC might be derived from certain immature cell 
populations that can differentiate into the three mature 
lineages.

GEM model-specific differences compared to human 
PDAC
As described above, use of  GEM models has made sig-
nificant advances, yet there still is room for refinement 
and discrepancies with human conditions need to be elu-
cidated.

There are GEM model-specific differences compared 
to human PDAC, which were also documented in the 
consensus report of  GEM models of  PDAC. The most 
prominent difference might be multi-focal tumorigenesis 
in GEM models. In humans, tumors usually emerge as 
a single neoplastic focus, whereas GEM models show 
multi-focal tumor progression, which results in lobular 
tumor formation occupying the entire pancreas. There-
fore, tumor margins are difficult to delineate and tumor 
volume might be analyzed as the size of  entire (tumor-
occupied) pancreas.

In GEM models, acinar-ductal metaplasia and the 
ductular-insular complex (duct formation inside or in the 
periphery of  the islet) are frequently observed, especially 
in the models using the PDX1 or Ptf1a promoter[10]. In 
humans, these are occasionally observed and are fre-
quently non-neoplastic; however, in GEM models, most 
of  them should be considered as neoplastic lesions on 
the way to cancer progression. In the GEM models using 
the PDX1 or Ptf1a promoter-cre, any epithelial cells can 
have Kras activation, every acinar cell demonstrates aci-
nar-ductal metaplasia and every islet shows the ductular-
insular complex, all of  which might progress into PanIN-
like ductal neoplasia and eventually into invasive PDAC. 
Since acinar cells occupy nearly 80% of  the normal 
pancreas, acinar-ductal metaplasia is observed abundantly 
in GEM models (especially in the endogenous KrasG12D 
plus TSG inactivation models), which might also be one 
of  the greated differences in GEM models compared 

to human PDAC. The consensus report noted that the 
acinar-ductal metaplasia should be distinguished from 
duct-derived mPanIN lesions, however, in a few weeks, 
acinar-ductal metaplasia rapidly progresses into PanIN-
like lesions, which are already difficult to distinguish from 
duct-derived mPanIN lesions. The final appearance of  
invasive PDAC recapitulates human disease, suggesting 
that acinar-ductal metaplasia, which definitely progresses 
into PDAC in the GEM models, might also contribute to 
PDAC formation in humans.

CONCLUSION
Recent progress in the use of  GEM models can be 
called a breakthrough, although there are still limitations 
and differences compared to human PDAC. Analyzing 
the GEM models, with knowledge of  the advances and 
limitations, will allow us to understand the entire image 
of  PDAC and to develop effective therapies, diagnosis 
and prevention based on the underlying mechanisms 
of  PDAC carcinogenesis and progression. Using GEM 
models and combining bench and bedside closely togeth-
er might provide a breakthrough in the PDAC field and 
ultimately overcome the most lethal cancer.
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