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Abstract
Development and progression of pancreatic cancer involves general metabolic disorder, local chronic 
inflammation, and multistep activation of distinct oncogenic molecular pathways. These pathologic processes 
result in a highly invasive and metastatic tumor phenotype that is a major obstacle to curative surgical 
intervention, infusional gemcitabine-based chemotherapy, and radiation therapy. Many clinical trials with 
chemical compounds and therapeutic antibodies targeting growth factors, angiogenic factors, and matrix 
metalloproteinases have failed to demonstrate definitive therapeutic benefits to refractory pancreatic 
cancer patients. Glycogen synthase kinase 3b (GSK3b), a serine/threonine protein kinase, has emerged 
as a therapeutic target in common chronic and progressive diseases, including cancer. Here we review 
accumulating evidence for a pathologic role of GSK3b in promoting tumor cell survival, proliferation, invasion, 
and resistance to chemotherapy and radiation in pancreatic cancer.  We also discuss the putative involvement 
of GSK3b in mediating metabolic disorder, local inflammation, and molecular alteration leading to pancreatic 
cancer development. Taken together, we highlight potential therapeutic as well as preventive effects of GSK3b 
inhibition in pancreatic cancer.
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INTRODUCTION

Pancreatic cancer (referred hereafter to pancreatic ductal 
adenocarcinoma as the major cancer subtype in the pancreas) 
is one of the most common malignant and lethal tumors, 
and a major unsolved health problem due to its late clinical 
diagnosis and predisposition toward metastasis.[1-3] Most 

patients with advanced-stage pancreatic cancer have little 
opportunity to undergo curative surgery.[4] Chemotherapy 
and radiotherapy, either alone or in combination, are the 
primary palliative treatment options available for these 
patients. Despite substantial treatment advances,[5] the 
prognosis of pancreatic cancer patients is still unfavorable. [6,7] 
Understanding the detailed molecular and biologic basis 
of pancreatic cancer pathogenesis facilitates advances in 
treatment and prevention.

Pancreatic cancer develops through cumulative biologic 
processes involving metabolic disorder[8,9] and chronic 
local inflammation[10,11] in association with host stromal 
changes[12,13] and deregulated molecular pathways.[14-17] New 
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therapeutic strategies that target growth factors, angiogenic 
factors, and matrix metalloproteinases have been developed 
based on molecular mechanisms.[14,18] Small-molecule 
agents and therapeutic monoclonal antibodies targeting 
these factors are currently available, but many clinical trials 
have failed to demonstrate definitive therapeutic benefits of 
these molecular-targeted approaches for refractory pancreatic 
cancer patients.[19] Therefore, identification of novel 
molecular targets that can enhance the effects of conventional 
chemotherapy and radiation is a high priority.[20]

Glycogen synthase kinase (GSK)3b is a serine/threonine 
protein kinase that has emerged as a therapeutic target for 
chronic and progressive diseases, including cancer.[21-24] 
Here we review studies that investigated the pathologic role 
of GSK3b in tumor cell survival, proliferation, invasion, 
and resistance to chemotherapy and radiation in pancreatic 
cancer. We discuss the putative involvement of GSK3b in 
mediating systemic metabolic disorder, local inflammation, 
and molecular alteration leading to pancreatic cancer 
development, and highlight the potential therapeutic as 
well as preventive effects of GSK3b inhibition in pancreatic 
cancer.

BIOLOGY AND PATHOLOGY OF GSK3b

GSK3 was discovered in 1980 as a protein kinase that 
phosphorylates glycogen synthase (GS), a key enzyme 
involved in glycogen synthesis under the control of insulin 
signalling.[25] GSK3 is evolutionarily conserved and consists 
of two distinct isoforms encoded by different genes in 
mammals, GSK3a and GSK3b.[26] GSK3a  has an additional 
60 amino acids at the N-terminus, but the kinase domains 
of the two isoforms are highly homologous. Unlike most 
protein kinases, GSK3b is active in normal cells.[2] Its activity 
is controlled by subcellular localization, different binding 
partners, and differential phosphorylation at serine 9 (S9; 
inactive form) and tyrosine 216 (Y216; active form).

GSK3b is primarily a negative regulator of glycogen 
synthesis through phosphorylation and inactivation of GS, 
but it also participates in cell cycle regulation, proliferation, 
differentiation, apoptosis, and migration.[27-29] Based on its 
causative associations with glucose intolerance, neuronal 
degeneration, and inflammation, GSK3b is a therapeutic 
target for common chronic diseases, such as type 2 diabetes 
mellitus (DM) and Alzheimer’s disease.[21-23] The osteogenic 
function of Wnt/b-catenin signaling[30-32] suggests that GSK3b 
could be a therapeutic target for osteoporotic bone disease. An 
orally bioavailable GSK3a/b dual inhibitor was generated and 
tested as a new drug for osteoporosis treatment[33] based on 
the role of GSK3b as part of a complex involved in ubiquitin-

mediated proteasomal degradation of b-catenin.[34,35] GSK3b 
also upregulates basal gastric acid secretion,[36] suggesting a 
causative role in peptic ulcer diseases. Thus, GSK3b is being 
increasingly recognized as an attractive drug target for an 
expanding spectrum of chronic diseases.[37]

Under physiological conditions, GSK3b targets several 
transcription factors, cell cycle regulators, and proto-
oncoproteins for phosphorylation and subsequent degradation 
via the ubiquitin–proteasome system. Therefore, it is 
hypothesized that GSK3b suppresses tumor development by 
attenuating certain oncogenic signaling cascades mediated by 
Wnt and hedgehog.[38,39] There is, however, little experimental 
evidence showing GSK3b inactivation or loss of its expression 
during tumor development and progression.

An increase in GSK3b expression, its active form 
(phosphorylated at Y216) and activity, and a decrease in its 
inactive form (phosphorylated at S9) are distinct features 
of gastrointestinal cancers, including pancreatic cancer, and 
glioblastoma. GSK3b sustains survival and proliferation of 
these tumor cells, and pharmacologic inhibition of its activity 
reduces their survival and proliferation, and predisposes 
them to apoptosis in vitro and in tumor xenografts.[40-44] 
Consequences of GSK3b inhibition in cancer cells include 
restoration of p53- and Rb-mediated pathways, and 
downregulation of human telomerase reverse transcriptase 
and telomerase leading to cell senescence.[42,43] With these 
observations, we have proposed GSK3b as a potential 
target for cancer treatment.[24,45] Although its role in cancer 
is still debated,[46] the overall results thus far indicate that 
aberrant expression and activity of GSK3b is a common and 
fundamental characteristic in a broad spectrum of cancers. [24]

PUTATIVE INVOLVEMENT OF GSK3b IN 
PANCREATIC CANCER DEVELOPMENT

There is accumulating epidemiologic evidence that persistent 
glucose intolerance and chronic local inflammation are risk 
factors for pancreatic cancer.[8,47] Characteristic molecular 
alterations during pancreatic cancer development and 
progression include frequent mutational activation of the 
K-ras oncoprotein and infrequent activation of Wnt/b-catenin 
signaling.[14–16,48,49] Here we discuss the putative participation 
of GSK3b in mediating these epidemiologic risk factors and 
oncogenic signaling pathways leading to pancreatic cancer 
development [Figure 1].

Glucose intolerance and pancreatic cancer
The association between glucose intolerance and pancreatic 
cancer risk has long been a major epidemiologic issue of interest. 
Recent reviews and meta-analyses of prospective observational 
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studies have demonstrated that obesity is significantly associated 
with an increased risk of pancreatic cancer development.
[50,51] DM is also a clinical manifestation of pancreatic cancer, 
and well-designed case–control and prospective studies have 
demonstrated an increased risk of pancreatic cancer in patients 
with long-term DM,[52-54] suggesting the causative association 
between the two diseases. Consistently, a number of studies 
have reported the potential role of glucose-lowering therapies in 
reducing the risk of pancreatic cancer.[55] Metformin, for example, 
is a biguanide compound that is prescribed for approximately a 
hundred million patients with DM.[56] A comprehensive review 
and meta-analysis of epidemiologic studies demonstrated an 
inverse correlation between the use of this drug and incidence 
of pancreatic cancer.[57] The primary function of GSK3b is to 
phosphorylate and inactivate GS, and thus attenuate conversion 
of glucose to glycogen. This implies that deregulated GSK3b 
will indirectly facilitate pancreatic carcinogenesis by affecting 
systemic glucose metabolism [Figure 1].

Chronic pancreatitis and pancreatic cancer
The observed association of chronic pancreatitis with increased 
risk of developing pancreatic cancer[47,58,59] is supported by 
a recent meta-analysis of 22 well-performed epidemiologic 
studies.[10] The incidence of chronic pancreatitis in the 
general population estimated from hospitalization data is 
only 5–10 per 100,000 persons a year. Although the risk of 
developing pancreatic cancer is much higher for patients with 
hereditary pancreatitis than for patients with sporadic chronic 
pancreatitis,[60-62] the incidence of hereditary pancreatitis due 
to a germline mutation in the cationic trypsinogen gene[63] 
is less than 1% of all chronic pancreatitis cases. Accordingly, 
chronic pancreatitis is not a precursor to pancreatic cancer in 
a majority of cases.

Despite such a low incidence, both forms of chronic pancreatitis 

have presented substantial evidence for putative inflammatory 
mechanisms contributing to pancreatic cancer development 
and progression. These mechanisms involve pro-inflammatory 
cytokines, nuclear factor (NF)-κB, cyclooxygenase-2, 
peroxisome proliferator-activated receptor-g, nitric oxide 
(NO) synthesized by inducible NO synthase, DNA damage 
caused by release of proteolytic enzymes and reactive oxygen 
species as well as somatic mutations in oncogenes (eg, K-ras), 
and tumor suppressor genes (eg, p53, p16, DPC/Smad).[64-66] 
Notably, previous studies of gene knockout mice showed that 
the expression and activity of GSK3b are crucial for normal 
cell survival mediated by the NF-κB pathway.[67,68] Given its 
pro-inflammatory role,[23] GSK3b may contribute to pancreatic 
carcinogenesis by promoting chronic local inflammation in 
the pancreas [Figure 1]. Pancreatic cancer progression shares 
these molecular alterations, which are promising targets for 
early molecular diagnosis, treatment, and prevention of the 
disease.[11,64-66]

K-ras and GSK3b cooperate in pancreatic cancer 
development
K-ras and b-catenin mediate the major oncogenic signaling 
pathways during gastrointestinal carcinogenesis.[34,35,49,69] 
GSK3b is overexpressed and constitutively active in a 
number of cancer types, including colorectal and pancreatic  
cancers.[40,42-44,70-73] A previous study of colon cancer cells 
reported that the K-ras oncoprotein transactivates b-catenin 
via inactivation of GSK3b.[74] However, this is inconsistent with 
our studies showing that K-ras and b-catenin are independently 
activated, but do not interact.[75] There is no evidence of a 
straightforward association between b-catenin activation and 
levels of GSK3b expression or activity in clinical colorectal 
cancers.[40,43] The latter observation is supported by evidence 
that b-catenin is activated in most cases of colorectal cancer by 
truncation of the tumor suppressor, adenomatous polyposis coli 
(APC), or by mutation of the phospho-acceptor sites (S33, S37, 
and T41 residues) of the CTNNB1 gene encoding b-catenin 
in cases with wild-type APC.[34,49]

Mutational activation of the K-ras proto-oncogene is 
the most prominent event[77] among the deregulated 
oncogenic pathways leading to pancreatic carcinogenesis. [15,16] 
Interestingly, a recent study has indicated that mutant K-ras-
mediated signaling increases GSK3b expression in pancreatic 
cancer cells via promotion of its transcription by the canonical 
mitogen-activated protein kinase signaling pathway.[78] This 
finding may suggest that the activated K-ras and GSK3b 
pathways cooperate to facilitate development and progression 
of pancreatic cancer [Figure 1].

b-catenin as a bystander in pancreatic cancer: 
A consequence of deregulated GSK3b?
In contrast to the frequent mutational activation of K-ras, 

Figure 1: Systemic and local effects of deregulated GSK3b on 
known risk factors for pancreatic carcinogenesis
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neither mutations in the CTNNB1 phospho-acceptor 
sites (S33, S37, T41 residues) nor nuclear translocation 
of (stabilized) b-catenin have been detected in human 
pancreatic cancer,[48,79] except in rare cases of pancreatic solid-
pseudopapillary tumor.[80] These data suggest that b-catenin 
is a “bystander” that plays no critical role in tumorigenesis 
or progression of pancreatic cancer[34] although this remains 
controversial.[49] It is intriguing to hypothesize that if GSK3b 
retains its function as part of the canonical degradation 
machinery of b-catenin[34,35] in tumor cells, a lack of b-catenin 
activation may be a consequence of GSK3b overexpression 
and increased activity in pancreatic cancers. Otherwise, 
deregulated GSK3b may dissociate E-cadherin-mediated 
cell adhesion complexes[81] via destabilization of b-catenin, 
thereby promoting pancreatic carcinogenesis [Figure 1].

PIVOTAL ROLES OF ABERRANT GSK3b IN 
PANCREATIC CANCER PROGRESSION

As in all cancers, unrestrained cell survival and proliferation 
predominantly contribute to the progression of pancreatic 
cancer. In this section, we address the pivotal roles of 
deregulated GSK3b in pancreatic cancer and the underlying 
biologic mechanisms.

Cancer cell survival and proliferation
The distinct pathologic role of GSK3b in sustaining and 
promoting tumor cell survival and proliferation is supported by 
observed effects of GSK3b inhibition against pancreatic cancer 
cells and their xenografts.[43,44,70,82,83] Based on studies showing 
the crucial role for GSK3b in normal cell survival mediated by 
the NF-κB pathway,[67,68] GSK3b was also found to support 
survival of pancreatic cancer cells via NF-κB transcriptional 
activity.[82,83] The effect of GSK3b inhibition against pancreatic 
cancer cells is associated with induction of p53- and Rb-mediated 
pathways. [43] Taken together, GSK3b sustains tumor cell survival 
via modulation of both oncogenic and tumor suppressor 
pathways involved in pancreatic tumorigenesis [Figure 2]. 
GSK3b also contributes to the progression of various cancer 
types by modulating cyclin D1, cyclin-dependent kinases 
(CDKs), c-Myc and p27Kip1.[24,45]

Cancer cell invasion
The highly invasive phenotype characteristic of pancreatic 
cancer cells not only represents a biological property of 
tumor progression, but also a major obstacle to curative 
surgical intervention, chemotherapy and radiation. The 
proinvasive phenotype of cancer cells is associated with 
distinct morphological and functional changes that mimic 
mesenchymal cells, designated as the epithelial–mesenchymal 
transition (EMT), and increased cell motility.[84,85] GSK3b 
inhibits EMT by phosphorylating and destabilizing snail, 

a transcriptional repressor of E-cadherin.[86] However, in 
our preliminary study, GSK3b inhibition did not induce the 
morphological or functional changes responsible for EMT in 
pancreatic cancer cells (unpublished observation). A possible 
explanation may be that the established pancreatic cancer cell 
lines have already acquired the EMT phenotype.

GSK3b is a key regulator of cell polarization and migration 
during physiological processes such as tissue development 
and wound healing.[87] Very little is known about its role in 
the migration and invasion of cancer cells. We recently found 
that GSK3b inhibition attenuates chemotactic migration and 
invasion of pancreatic cancer cells. This effect is associated 
with alterations in subcellular localization of Rac-1 and F-actin, 
and in cellular microarchitecture, including lamellipodia 
(unpublished observation), a characteristic morphological 
change responsible for cell migration.[85] EMT may not be 
involved in the mechanism by which GSK3b inhibition 
attenuates pancreatic cancer cell migration and invasion 
(unpublished observation). Rac-1 destabilizes E-cadherin-
mediated cell adhesion in pancreatic cancer cells.[88] These 
findings indicate that deregulated GSK3b enhances pancreatic 
cancer cell invasion by inhibiting cell adhesion, and by inducing 
the morphological and functional changes responsible for cell 
migration and invasion [Figure 2]. Further work is required to 
clarify the putative roles for GSK3b in regulating cytoskeletal 
structure, cell polarity and motility, and hence its promotion of 
cancer cell migration and invasion.

POTENTIAL INFLUENCE OF GSK3b ON 
CANCER CELL SUSCEPTIBILITY TO 
THERAPY

The intrinsic and acquired resistance of pancreatic cancer 

Figure 2: Multidirectional effects of deregulated GSK3b on 
pancreatic cancer progression and underlying molecular 
mechanisms
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to conventional chemotherapy and radiation therapy 
further facilitates tumor progression, and thus represents a 
major obstacle to effective treatment of this disease. Novel 
therapeutic strategies are urgently needed to enhance the 
effects of these conventional therapies, as well as to attenuate 
the highly invasive properties of pancreatic cancer cells as 
discussed above.

Current status of therapeutic options for pancreatic 
cancer
As mentioned, the aggressive biological nature of pancreatic 
cancer is an obstacle to early diagnosis and curative 
surgical intervention. Infusional gemcitabine is the current 
chemotherapy for patients with unresectable or recurrent 
pancreatic cancer, although fewer than 20% of patients 
respond to this treatment.[1–3,89] Radiation therapy alone 
or in combination with gemcitabine-based chemotherapy 
has a role in the treatment of locally advanced pancreatic 
cancer (eg, stage III), whereas its role in stage IV (metastatic) 
disease is palliative.[1,2,90,91] Radiation therapy as pre- or post-
operative treatment invokes controversy, and these are areas 
under study. Two groups of investigators proposed a new 
combination chemotherapeutic regimen, FOLFIRINOX 
(leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin), and 
tested its effects on metastatic pancreatic cancer compared to 
gemcitabine. They found that it was associated with increased 
survival and toxicity, concluding that FOLFIRINOX is a 
treatment option for metastatic pancreatic cancer patients 
with good performance status,[92] whereas it was considered 
as an advance in the light of numerous negative phase III 
clinical trials described below. The need for development of 
strategies for enhancing anti-tumor effects of gemcitabine 
and radiation is urgent and important to reverse refractory 
pancreatic cancer.

Molecular target-directed therapy has emerged as a biology-
based treatment modality. For pancreatic cancer treatment, this 
approach includes targeting of the epidermal growth factor 
receptor (EGFR), vascular endothelial growth factor (VEGF) 
and platelet-derived growth factor receptor (PDGFR), since 
these are aberrantly expressed in pancreatic cancer. [14,18] 
Currently available agents targeting these molecules include 
anti-EGFR antibodies (cetuximab, panitumumab), small-
molecule EGFR inhibitors (gefitinib, erlotinib), an anti-
VEGF antibody (bevacizumab) and a small-molecule VEGF 
receptor (VEGFR) inhibitor (axitinib). A number of phase III 
clinical trials for treating pancreatic cancer patients have been 
conducted using a single molecular-targeted agent alone or 
in combination with gemcitabine. These trials have shown 
little therapeutic benefit to the patients enrolled[19], with the 
exception of a combination of erlotinib and gemcitabine, 
which shows only a marginally significant benefit.[93] 

Therefore, identification of new molecular target(s) as well 
as approach for modulation of tumor microenvironment  
(eg, tumor stroma,[12,13,94] tumor-associated inflammation[65,66]) 
is necessary for developing therapeutic strategies that enhance 
the effect of gemcitabine and improve patient survival.

Implication of GSK3b in pancreatic cancer 
resistance to therapies
There have been many attempts to investigate the molecular 
and biological mechanisms by which pancreatic cancer cells 
resist or acquire resistance to chemotherapy and radiation, 
focusing mainly on NF-κB.[95] An effective way to overcome 
pancreatic cancer cell resistance to these therapies has not 
been identified clinically. GSK3b sustains pancreatic cancer 
cell survival by maintaining the transcriptional activity of  
NF-κB.[82,83] However, a previous study showed that 
disruption of NF-κB transcription activity through GSK3b 
inhibition did not sensitize pancreatic cancer cells to 
gemcitabine. [96] Whereas these studies examined activity 
of exogenous (transfected) NF-κB, we found no effect of 
GSK3b inhibition on endogenous NF-κB transcriptional 
activity in gastrointestinal cancers, including pancreatic 
cancer.[42,43] Therefore, a role for GSK3b in modulating 
NF-κB activity in pancreatic cancer cells remains 
controversial.

We recently tested various combinations and doses of 
gemcitabine and a small-molecule GSK3b inhibitor 
(AR-A014418) on pancreatic cancer cell survival, and 
demonstrated that the GSK3b inhibitor significantly and 
synergistically enhances the effect of gemcitabine against 
cancer cells and their xenograft tumors when the doses and 
treatment protocol were optimized.[44] cDNA microarray-
based comparison of gene expression profiles between 
sham-treated cancer cells and cells treated with gemcitabine 
alone or in combination with AR-A014418 showed that the 
GSK3b inhibitor substantially decreases the level of tumor 
protein 53-induced nuclear protein 1 (TP53INP1) expression 
upregulated by gemcitabine treatment.[44] TP53INP1 is 
identical to thymus-expressed acidic protein, stress-induced 
protein and p53-dependent damage-inducible nuclear protein 
1, functions to repair stress-induced DNA damage[97–99] and 
is a critical tumor suppressor in pancreatic cancer.[100] The 
biological properties of TP53INP1 suggest that the distinct 
DNA damage repair machinery confers pancreatic cancer 
cell resistance to gemcitabine [Figure 2].

Another possible mechanism by which GSK3b renders 
pancreatic cancer cells chemoresistant is suggested by our 
preliminary observation that GSK3b inhibition decreases 
Rb phosphorylation (unpublished), thus restoring its 
function against E2F. E2F transcriptional targets include 
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ribonucleotide reductase (RR), thymidylate synthase and 
thymidine kinase. These enzymes are essential for DNA 
synthesis and replication,[101] and pancreatic cancers with 
increased RR expression are resistant to gemcitabine.[102] 
These data suggest that activation of Rb following GSK3b 
inhibition and the resultant inactivation of E2F may sensitize 
cancer cells to gemcitabine by affecting RR expression 
[Figure 2]. Consequently, GSK3b inhibition combined with 
chemotherapy is a novel and promising strategy for sensitizing 
pancreatic cancer cells to gemcitabine.

EMT induction in cancer cells is associated with acquisition 
of resistance to chemotherapeutic agents in several cancer 
types, including pancreatic cancer.[103–106] The underlying 
mechanism involves regulators of EMT thought to associate 
with and maintain acquired chemoresistance in pancreatic 
cancer cells. Given the role of GSK3b in cancer cell invasion 
and resistance to therapies as discussed above, it is of 
particular interest to address whether deregulated GSK3b 
participates in acquisition of EMT-mediated chemoresistance 
in cancer cells.

PERSPECTIVES

We provided an overview of the role of GSK3b in 
development and progression of pancreatic cancer, 
and discussed the underlying molecular and biological 
mechanisms based on findings from available studies and 
our preliminary observations. In particular, the indirect 
contribution of GSK3b to pancreatic carcinogenesis through 
its causative influence on general metabolic disorder and 
local chronic inflammation [Figure 1] highlights the 
importance of exploring the potential chemopreventive 
effects of GSK3b inhibition against pancreatic cancer as well 
as other cancer types that depend on GSK3b for survival 
and proliferation.

There are concerns regarding the therapeutic and 
chemopreventive use of GSK3b inhibitors because they 
may activate oncogenic (eg, Wnt, hedgehog) signaling 
and thus promote cellular transformation.[38,39,46] It is 
well documented, however, that GSK3b inhibition is not 
sufficient to stabilize b-catenin in normal cells and this 
appears to occur only when one or more transforming events, 
such as APC protein truncation, has already taken place.[107] 
Furthermore, the critical function of GSK3b in mediating 
Wnt/b-catenin signaling in normal cells is performed by 
cell membrane-associated GSK3b. This antagonizes the 
phosphorylation of b-catenin by cytoplasmic GSK3b and 
thus its degradation.[108] GSK3b also positively regulates 
hedgehog signaling through Sufu in mammalian cells.[109] 
These findings contradict the hypothetical tumor suppressor 
function of GSK3b.[39]

Several studies have suggested opposite roles for GSK3b 
in the same cellular events between non-neoplastic and 
cancer cells.[24] One example involves the CDK inhibitor 
p27Kip1 that normally regulates the cell cycle by binding and 
inactivating the cyclin A/E-CDK2 complex. Whereas GSK3b 
phosphorylates and stabilizes p27Kip1 in normal cells,[110] it 
down-regulates p27Kip1 in leukemia cells and thus selectively 
maintains survival and proliferation of these cells.[111] Other 
studies have reported various roles for GSK3b in regulating 
cell stemness. GSK3b inhibition maintains embryonic stem 
cell pluripotency and the repopulates hematopoietic stem 
cells through activation of the Wnt and hedgehog pathways, 
respectively.[112,113] Conversely, GSK3b sustains tumor cell 
stemness in leukemia and glioblastoma.[111,114] Although the 
underlying mechanisms are unclear, differential roles for 
GSK3b in normal and neoplastic cells could be advantageous 
for cancer treatment and chemopreventive strategies that 
target this kinase. Animal studies conducted thus far have 
shown little detrimental effect of GSK3b inhibition on 
normal cells and vital organs.[40,41,43,70]

Based on these ideas, as well as preclinical studies for 
the treatment of many cancer types,[24] clinical trials of 
GSK3b inhibitors are also being conducted for treatment 
of neurological diseases[115] and for enhancement of 
the efficacy of established chemotherapeutic agents for 
advanced cancers.
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