
Please cite this article in press as: Colvin EK, Scarlett CJ. A historical perspective of pancreatic cancer mouse models. Semin Cell Dev Biol
(2014), http://dx.doi.org/10.1016/j.semcdb.2014.03.025

ARTICLE IN PRESSG Model
YSCDB 1543 1–10

Seminars in Cell & Developmental Biology xxx (2014) xxx–xxx

Contents lists available at ScienceDirect

Seminars  in  Cell  &  Developmental Biology

j ourna l h o me  page: www.elsev ier .com/ locate /semcdb

Review

A  historical  perspective  of  pancreatic  cancer  mouse  models

Emily  K.  Colvina,∗,  Christopher  J.  ScarlettbQ1

a Bill Walsh Translational Cancer Research Laboratory, Kolling Institute of Medical Research, University of Sydney, Royal North Shore Hospital, St Leonards,
NSW,  Australia
b Pancreatic Cancer Research, Nutrition, Food and Health Research Group, School of Environmental and Life Sciences, University of Newcastle, Ourimbah,
NSW,  Australia

a  r  t  i  c  l  e  i  n  f  o

Article history:
Available online xxx

Keywords:
Pancreatic cancer
Mouse models
Genetically engineered mouse models
Patient-derived xenografts

a  b  s  t  r  a  c  t

Pancreatic  cancer  is an inherently  aggressive  disease  with  an  extremely  poor  prognosis  and  lack of  effec-
tive  treatments.  Over  the  past  few  decades,  much  has been  uncovered  regarding  the  pathogenesis  of
pancreatic  cancer  and  the underlying  genetic  alterations  necessary  for tumour  initiation  and  progres-
sion.  Much  of  what  we  know  about  pancreatic  cancer  has come  from  mouse  models  of  this  disease.
This  review  focusses  on  the  development  of  genetically  engineered  mouse  models  that  phenotypically
and  genetically  recapitulate  human  pancreatic  cancer,  as well  as the increasing  use  of  patient-derived
xenografts  for preclinical  studies  and the  development  of  personalised  medicine  strategies.
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1. Introduction

Pancreatic cancer is an aggressive malignancy and represents
the 4th leading cause of cancer death, with a 5-year survival rate
of approximately 5% [1]. Despite a greater understanding of the
molecular characteristics of this cancer, overall patient survival
has not improved for several decades. Surgical resection still
remains the only potential curative treatment, however at the

∗ Corresponding author. Tel.: +61 2 9926 4846.
E-mail addresses: emily.colvin@sydney.edu.au (E.K. Colvin),
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time of diagnosis, less than 20% of patients are suitable for surgery.
Treatment options are limited and largely ineffective [2,3].

Pancreatic cancer comprises several histological variants, the
most common being pancreatic ductal adenocarcinoma (PDAC),
which accounts for over 85% of all pancreatic malignancies.
Other types of pancreatic cancers include acinar cell carcinoma,
pancreatic neuroendocrine tumours and undifferentiated carci-
noma. PDAC arises from well-characterised precursor lesions, the
most common being pancreatic intraepithelial neoplasia (PanIN)
[4,5], but also including intraductal papillary mucinous neoplasms
(IPMN) [5] and mucinous cystic neoplasms (MCN) [6]. PanINs can be
sub-classified into PanIN-1A, PanIN-1B, PanIN-2 and PanIN-3 based
of the degree of cytological and architectural atypia and are known
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to demonstrate many of the same genetic alterations seen in PDAC,
with the prevalence of these alterations increasing with the degree
of PanIN [5]. Activating KRAS mutations represent the most com-
mon  and well-characterised genetic alteration in PDAC, occurring
in >95% of cases, mainly via point mutations in codon 12 [7,8]. KRAS
mutations occur in early PanIN lesions and represent a potential
initiating factor for this disease. The other most common genetic
events in PDAC are inactivation of the tumour suppressors CDKN2A
(P16INK4A) [9,10], TP53 [11,12] and SMAD4 [13] occuring in >95%,
50–75% and 55% of patients, respectively. Recent PDAC sequencing
efforts have identified many other genetic alterations that occur
at much lower frequencies and highlight the genetic complexity
of this malignancy [14,15]. Interestingly, despite the large number
of somatic mutations identified in PDAC, these alterations can be
associated with 12 core signalling pathways [15].

Many genetically engineered mouse models (GEMMs) have
been developed that closely recapitulate several pancreatic can-
cer subtypes. These models have proven useful in identifying the
molecular drivers of pancreatic tumour initiation and progression
as well as providing a relevant system for developing and test-
ing novel therapeutic strategies. Xenograft models, in particular
patient-derived xenografts, are also proving to be an extremely
valuable tool in evaluating novel treatment strategies in the era
of personalised medicine. This review provides an overview of
the major pancreatic cancer GEMMs  as well as highlights the
increasing use of patient-derived xenograft models of pancreatic
cancer.

2. Early attempts to model pancreatic cancer

Early attempts to model pancreatic cancer began in the 1980s
when technologies for generating transgenic mice carrying onco-
genes were developed. These early models utilised the Elastase
promoter or the rat insulin promoter (RIP) to drive expression of the
viral oncogene SV40 in acinar cells and �-cells of the mouse pan-
creas, respectively. RIP-Tag mice developed insulinomas (discussed
below) and Elastase-SV40 mice developed acinar cell carcinomas
[16–19]. Elastase-SV40 mice also developed islet cell tumours
and somatostatin-cell hyperplasia, but did not develop PanINs or
PDAC. Further attempts to produce transgenic mouse models also
used the elastase promoter to overexpress human oncogenes in
the mouse pancreas. In 1987, Quaife et al. overexpressed normal
and mutant H-ras using the elastase promoter [20]. Mice express-
ing normal H-ras developed acinar cell hyperplasia and dysplasia,
while the majority of mice expressing mutant H-ras died as new-
borns; those that survived were mosaic for H-ras and died of
pancreatic tumours between 1.5 and 14 months. Overexpression of
TGF-  ̨ in acinar cells did not induce pancreatic tumours, however
mice did develop lesions resembling acinar-to-ductal metaplasia
and pancreatic fibrosis, and was one of the first mouse models
to suggest an acinar cell origin for PDAC [21,22]. In 1991, Sand-
gren et al. published an elastase-cmyc transgenic mouse model.
These mice developed tumours with a mixed acinar/ductal histol-
ogy between 2 and 7 months of age, however the ductal features
were not observed until later stages of tumour development, and
no PanINs were seen in this model [23]. In 2003, Grippo et al.
overexpressed a common activating mutation of Kras in pancre-
atic acinar cells [24]. Surviving mice developed multifocal acinar
cell hyperplasia and less commonly the formation of tubular com-
plexes. In older mice, acinar to ductal metaplasia and early PanIN
lesions were also observed. While no tumours developed in these
mice, this model did demonstrate that activating Kras in acinar
cells could result in the development of PDAC precursors and sug-
gested additional genetic events may  be required for pancreatic
tumorigenesis.

3. Genetically engineered mouse models of pancreatic
cancer

3.1. Mouse models of PDAC

Many GEMMs  of pancreatic cancer have been developed and
this review focusses on models that have been developed to reca-
pitulate the most well-known genetic aberrations found in human
pancreatic cancer. These models are summarised in Table 1.

3.1.1. Kras models
A breakthrough in developing GEMMs  of PDAC occurred with

the advent of the LSL-KrasG12D mouse [25]. This mouse harbours
a knockin mutant Kras allele containing a glycine to aspartic
acid transition in codon 12, upstream of which resides a condi-
tional STOP cassette flanked by LoxP sites, preventing expression
of the mutant allele. When combined with a tissue-specific Cre
recombinase, the STOP cassette is excised resulting in consti-
tutive activation of Kras at physiological levels. This mutation
represents the most common activating Kras mutation seen in
human PDAC. Hingorani et al. targeted this mutation to pancre-
atic progenitor cells by crossing LSL-KrasG12D mice with transgenic
mice expressing a bacterial Cre recombinase under control of
either the Pdx1 or Ptf1a (P48) promoters [26]. The resulting
mice developed the full spectrum of PanIN lesions, which pro-
gressed with age. A proportion of these mice went on to develop
metastatic tumours resembling human PDAC after a long latency
(>12 months). Lesions in these mice expressed similar markers to
human PDAC, including the Notch signalling target Hes1, COX2
and MMP7. This model demonstrated that activation of Kras is
sufficient to induce precursors to PDAC and in some instances
progress to invasive and metastatic PDAC and has since become
the backbone for the development of many other mouse models of
PDAC.

One of the limitations of the LSL-KrasG12D; Pdx1-Cre (also
known as the KC) model is that Kras activation is targeted to the
embryonic pancreas, with PanINs developing shortly after birth.
However, PDAC occurs in older individuals through stochastic
mutations in adult pancreas. Guerra et al. developed a model that
allowed temporal control of Kras activation in the pancreas using a
Tet-off system [27]. Similar to the KC model, when Kras was acti-
vated in the developing pancreas at E16.5, Kras+/LSL-G12VGeo;
Elas-tTA/tetOCre mice developed acinar to ductal metaplasia pro-
gressing to high-grade PanINs by 12 months of age, a proportion
of which went on to form PDAC after a long latency. However,
activation of Kras in 10 day-old mice significantly delayed the for-
mation of PanINs and reduced the incidence of PDAC. Importantly,
activation of Kras in adult mice had no effect at all in acinar cells,
indicating that mature acinar cells are resistant to transformation
by oncogenic Kras. Invasive PDAC could be induced in these mice
when treated with caerulein to induce chronic pancreatitis, indi-
cating that pancreatitis increases the pool of cells susceptible to
transformation by KrasG12V, potentially acinar precursors. In addi-
tion, this model supports the link between pancreatitis and an
increased risk of developing PDAC, and provides a valuable model
for investigating the role of pancreatitis-induced inflammation in
tumorigenesis.

While these models have demonstrated that targeting mutant
Kras to the mouse pancreas is sufficient to induce PDAC in mice, the
incomplete penetrance and long latency observed in these models
suggested that additional genetic events could increase the inci-
dence of tumours in mice and accelerate tumour progression. Since
the generation of these Kras-induced PDAC models, many other
models have been developed combining Kras mutations with other
genes that are purported to be drivers of PDAC.

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

dx.doi.org/10.1016/j.semcdb.2014.03.025


Download English Version:

https://daneshyari.com/en/article/8480815

Download Persian Version:

https://daneshyari.com/article/8480815

Daneshyari.com

https://daneshyari.com/en/article/8480815
https://daneshyari.com/article/8480815
https://daneshyari.com

