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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is a major cause of cancer-related deaths
in developed countries and, in 2013, it is estimated that in excess of 45,220 new cases were
diagnosed in the United States. PDAC is a highly aggressive disease that invariably evades early
diagnosis. The mean survival time for patients with metastatic disease is only 3—6 months, and
only 20%-30% of pancreatic cancer patients are alive after 12 months. Because pancreatic
cancers are frequently detected at an advanced stage, treatments have provided very limited
improvements in tumor regression and overall survival times after diagnosis. 5-Fluorouracil
alone or in combination with other drugs has been extensively used for treatment of advanced
pancreatic cancer, and gemcitabine has partially replaced 5-fluorouracil as a treatment for
pancreatic cancer. Gemcitabine provides increased clinical benefits in terms of response rate;
however, future studies need to focus on developing treatment modalities that will improve the
survival rate for pancreatic cancer patients. Specificity protein 1 (Sp1) is overexpressed in PDAC
patients, and high expression is associated with poor prognosis, lymph node metastasis, and
low survival. Knockdown studies have shown that Sp1 plays an important role in cell growth,
angiogenesis, inflammation, survival, and metastasis. Spl expression is low in normal tissue
when compared to tumor tissue, which makes Sp1 a potential target for development of new
mechanism-based drugs for treatment of pancreatic cancer. Several drugs such as tolfenamic
acid, betulinic acid, and methyl-2-cyano3,12-dioxooleana-1,9(11)-dien-28-oate are shown to
downregulate Sp1 expression through various pathways. This review summarizes the role of Sp1
in pancreatic cancer and delineates the mechanisms of action of various drugs that downregulate
expression of Sp1 and other Sp transcription factors.
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Introduction

Tumor formation is a complex, multistep process that usually takes decades, and
tumor progression is defined as the evolution of normal cells into cells which exhibit
an increasingly neoplastic phenotype. During tumorigenesis, many mutations and
epigenetic alterations occur randomly within DNA, and this is due to gain of function
of oncogenes and loss of function of tumor suppressors, which results in unrestrained
growth and the spread of cancer cells to other organs and tissues.!? Cancer is the second
leading cause of death in the United States following cardiovascular diseases. A total
of 1,660,290 new cancer cases and 580,350 deaths are projected to occur in 2013. The
S-year relative survival rate for all cancers diagnosed between 1996 and 2004 is 66%,
which is increased from 50% in 1975-1977,% and cancer death rates decreased 24% in
men and 16% in women and an overall 20% between 1990/1991 and 2009.* The increase
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in survival is due to progress in diagnosing certain cancers at
an earlier stage and improvements in treatment.>*

Introduction to pancreatic cancer

An estimated 45,220 new cases of pancreatic cancer and
an estimated 38,460 deaths are expected to occur in the
US in 2013.? Pancreatic ductal adenocarcinoma (PDAC) is
the most frequently diagnosed pancreatic cancer and is the
fourth leading cause of cancer deaths. The 5-year survival
rate is less than 5%. Other cancers of the pancreas are much
less common and account for about 4% of all pancreatic
cancers. PDAC affects both sexes almost equally and has
its peak incidence in the sixth or seventh decade of life and
is extremely rare before the age of 40.3°

Risk factors for developing PDAC are cigarette smok-
ing, previous gastric surgery, diabetes mellitus, chronic
pancreatitis, familial history of pancreatic cancer, high intake
of dietary polyunsaturated fats, and a diet low in fruits and
vegetables.®® Familial predisposition is seen in pancreatic
patients expressing BRCA1, BRCA2, pl6, STK11/LKBI
germline mutations, and other genetic syndromes associated
with PDAC include familial atypical multiple melanoma syn-
drome, telangiectasia ataxia, and Peutz—Jeghers syndrome.
Germline mutations of BRCA2 increase the incidence
of PDAC by 3.5-fold, and germline mutation of BRCA1
increased the incidence by 2-fold.’

Activated or overexpressed oncogenes that play an
important role in pancreatic cancer development include
KRAS, Her-2, AKT2, AIB1, BRAF, c-Myc, and MYB genes.
KRAS is activated in about 90% of pancreatic cancers by
a point mutation on codon 12 and occasional mutations in
codons 13 or 61 of chromosome 12p.>!® KRAS encodes a
member of RAS family of guanosine triphosphate (GTP)-
binding proteins that mediate a number of important func-
tions in cell proliferation, survival, cytoskeletal remodeling,
and motility. A variety of stimuli such as binding of growth
factor ligands to their cognate growth factor receptor results
in signal transduction via intermediary proteins that are
important in the action of the KRAS protein. Activated
KRAS affects several downstream effector pathways such
as Raf-mitogen activated protein kinase (RAF-MAPK),
phosphoinositide-3-kinase, and RalGDS pathways. Activat-
ing mutations impair the intrinsic GTPase activity of the
KRAS gene product, resulting in a protein that is constitu-
tively active. KRAS mutations are one of the earliest genetic
abnormalities observed in the progression of pancreatic
cancer.'"'* Approximately 5% of pancreatic cancers express
wild-type KRAS but exhibit mutations in one of the members

of the RAF-MAPK signaling pathway called the BRAF gene,
which is located on chromosome 7q. This results in activa-
tion of RAF-MAPK signaling even in the absence of KRAS
mutations.'>'® Another important kinase that is constitutively
activated is the phosphoinositide-3-kinase pathway, where the
AKT?2 gene, located on chromosome 19q, is overexpressed
in about 10%-20% of pancreatic cancers.'"-!41¢

In contrast to dominantly acting oncogenes, tumor suppres-
sor genes are recessive, and inhibition of their function typi-
cally requires mutations in both paternal and maternal copies.
Most common tumor suppressor genes that are inactivated in
development of pancreatic cancer are pl6/INK4A, p53 and
DPC/SMADA4. p16/INK4A is the most frequently inactivated
tumor suppressor gene and about 40% of pancreatic tumors
have a homozygous deletion of both alleles of the gene. p16/
INK4A regulates the cell cycle by binding to CDK4 and CDK6
to inhibit binding of cyclin D1 to the CDKs and phosphoryla-
tion of retinoblastoma leading to cell cycle arrest. Thus the loss
of p16/INK4A deregulates the cell cycle check point, leading to
the development of pancreatic cancer, and this is also observed
in patients with germline mutation of this gene.>!11416

In addition to these oncogenes and tumor suppressor
genes, abnormalities are observed in epigenetics or telomere
length mismatch repair genes or telomere length.!”"' During
the past decade, the discovery of noncoding RNAs and their
functions in both normal and cancer tissues has added to the
complexity of cell biology and cell signaling but has identi-
fied another key element that regulates genes and influences
cancer cell phenotype.?*22

Treatment options

and patient outcomes

Pancreatic cancer is the tenth most common cancer and is
a highly aggressive and therapy-resistant malignancy, with
a l-year survival rate of 24% and a 5-year survival rate
of 6%.%

Surgical management

Pancreaticoduodenectomy is the curative resection strategy
used in the management of pancreatic cancer and is per-
formed on patients with adenocarcinoma of the pancreas,
especially of the head region. Median survival rates after
resection for localized PDAC is 12.7 to 17.5 months, and
4- and 5-year survival rates range from 6.8% to 21%.24?’

Chemotherapy
5-Flourouracil (5-FU) and gemcitabine are currently used
as chemotherapeutic agents. 5-FU is a thymidylate synthase

66 submit your manuscript

Dove

Gastrointestinal Cancer: Targets and Therapy 2014:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Therapeutic targeting of Spl transcription factor in pancreatic cancer

inhibitor and inhibits the synthesis of thymidine, which
is required for DNA replication. Gemcitabine has been a
drug of choice for treating pancreatic cancer since 1996.
Gemcitabine is a prodrug which is phosphorylated to its
active metabolite that inhibits DNA chain elongation,
resulting in DNA fragmentation and cell death. The clinical
response to gemcitabine was 23.8% and 4.8% to 5-FU, and
the overall survival was 5.56 and 4.41 months, respectively.
In many solid tumors, response to combination therapy is
better than single agent therapy. However, the combination
therapies in patients with pancreatic cancer failed to produce
any significant overall survival benefits and are associated
with severe toxic side effects.”* %

Radiation therapy

Radiation therapy is used for locally advanced unresectable
cancer or as a palliative or adjuvant therapy when the patient
is undergoing surgical resection of the pancreas. Radiation
therapy is being used as a postoperative regimen along with
chemotherapy, which may improve the survival rate when
compared to surgery alone.?*?’

Targeted therapies
Recent research has been focused on understanding the
molecular pathways and factors that play an important
role in pancreatic cancer progression, and therapies that
target specific pathways are being developed. Bevacizumab
(Avastin) is a recombinant humanized antivascular endothe-
lial growth factor monoclonal antibody, which has been
used in combination with gemcitabine in a Phase II study,
and 6-month and 1-year survival rates were 77% and 26%
respectively. Overexpression of epidermal growth factor
receptor (EGFR) is a negative prognostic factor for survival of
pancreatic cancer patients. Erlotinib, an oral tyrosine kinase
inhibitor, and cetuximab, a monoclonal antibody against
EGFR, are being used in combination with gemcitabine.
Sorafenib, a small molecule inhibitor of vascular endothe-
lial growth factor (VEGF) receptor (VEGFR)2 and RAF1
are being evaluated in combination with gemcitabine, and
the combination therapy is well tolerated but ineffective in
treating metastatic pancreatic cancer. Sunitinib, an inhibitor
of VEGF and platelet derived growth factor receptor is also
being evaluated as a second line of therapy and is in a Phase
II clinical trial >

Also, new agents such as immunogenic telomerase pep-
tide GV1001, along with granulocyte macrophage colony
stimulating factor, is administered over 10 weeks with
monthly booster vaccinations. Additionally, patients with

BRCA-2 mutations are sensitive to mitomycin C, which is
also being tested in pancreatic cancer patients.>27%

Spl transcription factor
The specificity protein (Sp)/Kriippel-like factor (KLF) fam-
ily is subdivided into the Sp family, which bind GC-boxes,
and the KLF family, which binds to GT-boxes, that act as
activators as well as repressors of transcription. The Sp/KLF
family of transcription factors contains three C2H2-type zinc
finger DNA-binding domains and recognizes GC-(GGGCGG
or GGCG) and GT-(GGTGTGGGG) boxes with different
affinities due to differences in the amino acid substitutions in
the zinc finger domain of these proteins. The Sp family genes
(Sp1-9) are located on the hox gene cluster, which encodes
a large family of transcription factors that specify head—tail
axis in embryonic development.*® The Sp family is divided
into Spl-4, which contain the N-terminal glutamine-rich
transactivation domains A and B, and Sp5-9, which lack the
N-terminal glutamine-rich transactivation domains. All the
Sp family proteins contain a buttonhead box N-terminal to
the zinc finger domain and a conserved stretch of eleven
amino acid residues which contribute to their transactivation
potential. Deletion of this region in Sp1 results in decreased
activity of Spl. The Sp box (SPLALLAATCSR/KI) is
located at the N-terminus of Sp proteins and contains an
endoproteolytic cleavage site that plays an important role in
proteolysis of Sp proteins.>! 34

Spl is the first transcription factor identified and is
located on chromosome 12q13.13 (HOX C). It binds to
GC-boxes and also to CT- and GT-boxes with lower affinity.
Spl is ubiquitously expressed, and Sp-knockout embryos
are severely retarded in development and die around day
eleven of gestation. However, Spl null embryos express
Sp1 target genes at normal levels, and only thymidine kinase
and the methyl-CPG binding protein 2 gene expression was
decreased. The methyl-CPG binding protein 2 gene is associ-
ated with maintenance of differentiated cells, suggesting a
role of Sp1 in regulation of differentiation. This demonstrates
that other Sp family members may compensate, in part, for
loss of Spl during early embryogenesis.?>3335:36

Spl is an important transcription factor regulating vari-
ous cellular and viral genes containing GC-boxes and plays a
significant role in many signal transduction pathways linked
to cancer. Carcinogen-induced transformation of human
fibroblast cells or stable transfection of H-Ras"'? in these
cells results in an 8—18-fold increase in Sp1 expression, and
the malignant cells formed tumors in athymic nude mice.”’
Also, increased expression and binding activity of Spl is
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observed in skin tumors compared to papillomas and is
associated with increased tumor progression. The promoters
of many proapoptotic and antiapoptotic genes such as Bcl-2,
Bax, survivin, Fas and Fas ligand, TGFf and its receptors,
TNFa, and TNFo-mediated apoptosis-inducing ligand con-
tain GC-rich Sp binding sites. Sp1 also regulates expression
of angiogenic genes VEGFR1, VEGFR2, and VEGE?**-%
and also regulates growth inhibitory genes such as p21 and
caveolin. Functional GC-boxes are present on the retinoblas-
toma, c-Myec, c-jun, c-fos, E2F1, nuclear factor kB (NFxB),
and Egr-1 gene promoters.™

Several studies have reported that Sp1 and also Sp3 and
Sp4 are highly expressed in pancreatic, breast, bladder, and
colon cancer cell lines and tumors derived from these cells in
xenograft models.’>**# Even though the knockout of Sp1 in
mice is embryo-lethal, the expression of Sp1 is significantly
decreased in rodent and human tissues with increasing age,
and studies in our laboratory have shown that Sp1 expression

is low in most organs when compared to tumors.***’

Specific role of Spl transcription

factor in pancreatic cancer

Normal pancreatic ductal epithelial cells express very low
Sp1; however, overexpression of Sp1 in patients with PDAC is
associated with increased metastasis and poor prognosis. Sp1
overexpression is associated with TNM tumor staging grade
[IB and higher and lymph node metastasis. In patients with
metastasis, 77% of the primary tumors were Spl positive.
The 5-year survival rate is 19% and median survival is 13
months in patients with positive Spl expression compared
to 55% and 63 months in patients without Sp1 expression in
their primary tumors.***° Sp1 could be used as a prognostic
marker to predict the clinical outcome in pancreatic cancer
patients, and understanding the role of Spl in pancreatic
cancer will provide a tool with which to develop drugs that
can target Spl in these patients.

Previous studies have shown that Spl is essential for
angiogenesis through regulation of VEGF and its receptors
VEGFRI and 2.333%% Sp1 and VEGF are constitutively over-
expressed in pancreatic cancer, and there is a positive cor-
relation between microvessel density and pancreatic cancer
progression, even though pancreatic cancer is not a grossly
vascular tumor. Spl plays a central role in multiple aspects
of angiogenesis by interacting with various tumor suppressor
and oncogenes, and also by binding to VEGF promoter and on
promoters of various genes encoding angiogenic molecules
such as fibroblast growth factors, EGFR, and insulin-like
growth factor 1 receptor.”>>! VEGF neutralization with

Avastin leads to a feedback activation of Sp1 and subsequent
upregulation of VEGF expression leading to Avastin resis-
tance; however, blocking Sp1 function results in reversal of
Avastin resistance and in sensitization of tumors.*> Sp1 plays
an important role in TGF-mediated epithelial to mesenchy-
mal transformation leading to pancreatic cancer resistance
to chemotherapy.®**

Studies in our laboratory have shown that Sp1, Sp3, and
Sp4 are highly expressed in various pancreatic cancer cell
lines, and knockdown of Spl using RNA interference in
Pancl, Panc28, or L3.6pL cells decreased cell proliferation
and induced apoptosis through induction of cleaved PARP and
annexin V staining. Transfection of PDAC cells with siSp1
(small interfering RNA [siRNA] oligonucleotide against Sp1)
significantly decreased expression of various genes involved in
cell growth (cyclin D1, EGFR, c-Met), angiogenesis (VEGF,
VEGFR1, VEGFR?2), survival (survivin, insulin-like growth
factor 1 receptor, bcl-2), inflammation (NFxB, STAT3),
and metastasis.’>3%3%335¢ Some of these same responses are
observed after knockdown of Sp3 and Sp4.

Critical analysis of the potential for

targeting Spl in pancreatic cancer
To identify new therapeutic targets for pancreatic cancer,
a complete understanding of cellular and molecular mecha-
nisms of tumor development and progression is needed.
Among the potential targets, Spl plays an important role
in regulation of cell growth, angiogenesis, and metastasis,
and differential expression of Spl with higher expression
in tumors when compared to normal tissues makes Spl an
important target for drug development for pancreatic cancer.
In this review, we will focus on Spl as a molecular target
for various therapeutic strategies (Figure 1) for treatment of
pancreatic cancer.

Mithramycin A (MTA) is an aureolic acid type polyketide
first isolated from soil bacterium, Streptomyces argillaceus.
MTA binds to guanosine—cytosine (GC) regions on double
stranded DNA and inhibit different genes with GC-rich
promoter regions. MTA selectively inhibits Spl-mediated
transcription, and the interaction is reversible,’”** MTA down-
regulates X-linked inhibitor of apoptosis through inhibition
of Spl and renders the cells sensitive to TNFo-mediated
apoptosis-inducing ligand in prostate and pancreatic cancer
cells. 6

Tolfenamic acid (TA), a nonsteroidal anti-inflammatory
drug, inhibits prostaglandin biosynthesis and leukotriene
synthesis. TA downregulated Sp1, Sp3, and Sp4 in Pancl,
Panc28, and L3.6pL pancreatic cancer cells, both in vitro
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and in vivo, and the effects were reversed when treated with
lactacystin in a proteasome-dependent pathway.*® Also, TA
sensitized pancreatic cancer cells and tumors to radiation
therapy by downregulating survivin,®' and combined treat-
ment of TA with MTA synergistically decreases Sp1 activity
and tumor growth in an in vivo pancreatic model.®
Curcumin, also known as diferuloylmethane, is a
polyphenolic phytochemical extracted from the root of
Curcuma longa. Studies have shown that curcumin exhib-
its a wide range of anticancer activities in multiple tumor
types, including pancreatic cancer. Curcumin inhibited
NF«xB subunits p65 and p50 through downregulation of Sp
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transcription factors, and the mechanism of action involves
a decrease in mitochondrial membrane potential and induc-
tion of reactive oxygen species (ROS). These effects were
reversed when treated with antioxidants such as glutathione
or dithiothreitol.*® Similar effects were noticed when treated
with synthetic analogues of curcumin.®

Betulinic acid (BA), a pentacyclic triterpenoid extracted
from birch bark, decreases Sp transcription factors in pan-
creatic cancer cells (Figure 2), and when combined with
MTA, has synergistic effects on downregulation of Sp1 and
tumor growth.**%* Arsenic trioxide, which is clinically
used to treat leukemia, inhibits Sp1, Sp3, and Sp4 through
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Figure | Structures of select compounds that downregulate Sp protein transcription factors in pancreatic cancer cells.
Abbreviations: CDDO, 2-cyano3,12-dioxooleana-1,9(11)-dien-28-oate; CDODA, 2-cyano-3,1|-dioxo-18-olean-1,12-dien-30-oate; PEITC, phenethyl isothiocyanate;

Sp, specificity protein.

ROS-dependent pathways in bladder, colon, prostate, and
pancreatic cancer cells.*
Methyl-2-cyano3,12-dioxooleana-1,9(11)-dien-28-oate
(CDDO-Me) is a pentacyclic triterpenoid and synthetic
analogue of oleanolic acid. CDDO-Me has a wide range
of anticancer activity in various cancer cells and down-
regulates Sp transcription factors in Pancl, Panc28, and
L3.6pL pancreatic cancer cells in a ROS-dependent pathway.
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CDDO-Me causes mitochondriotoxicity resulting in reduc-
tion of mitochondrial membrane potential, induction of
ROS and ROS-mediated downregulation of microRNA
(miR)-27a, and induction of zinc finger protein ZBTB10
(an Sp repressor), which in turn downregulates Sp proteins
in pancreatic cancer cells.*>* CDDO-Me also downregulates
telomerase (W"TERT) expression and activity through inhibi-
tion of Spl and c-Myc in MIAPaCa-2 and Panc-1 pancreatic
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Figure 2 BA inhibits pancreatic cancer cell growth (A) and downregulates Spl, Sp3, and Sp4 after 24 hours treatment (B).

Abbreviations: BA, betulinic acid; Sp, specificity protein.
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cancer cell lines.% Studies in our laboratory have shown that
methyl 2-cyano-3,11-dioxo-18-olean-1,12-dien-30-oate, or
CDODA-Me, which is structurally similar to CDDO-Me and
synthetically derived from the licorice constituent glycyrrhe-
tinic acid, also downregulates Sp1, Sp3, and Sp4 proteins in
a ROS-dependent pathway in pancreatic cancer cells.*
Metformin, also known as N, N-dimethyl biguanide, is an
oral hypoglycemic drug prescribed for type 2 diabetes, and it
exhibits chemopreventive effects on diabetics with pancreatic
cancer.® °® In a study by Nair et al, metformin downregulated
Sp transcription factors in proteosome-dependent pathways in
Panc28 and L3.6pL pancreatic cancer cells; however, in Pancl
cells, metformin decreased Sp protein through a miR-27a:
ZBTBI10 axis via a phosphatase-dependent pathway, which

was dependent on induction of dual specificity phosphatases
MKP-1 and MKP-5. These effects were reversed upon treat-
ment with the phosphatase inhibitor sodium orthovanadate.®

Triptolide, a diterpenoid epoxide extracted from
Tripterygium wilfordii, induces apoptosis through downregu-
lation of HSP1 and HSP70 via inhibition of Sp1 activity. This
is mediated by inhibition of glycosylation of Sp1 through
O-GlcNAcylation, which prevents Spl translocation to the
nucleus and thus reduces the activity.” Studies from our
laboratory showed that celastrol, a pentacyclic triterpenoid,
which is a sister compound of triptolide, decreased Sp pro-
teins in pancreatic cancer cells.

Phenethyl isothiocyanate is a natural compound found
in cruciferous vegetables and exhibits antineoplastic activity
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Figure 3 Proposed schematic for Sp protein downregulation in pancreatic cancer.

Abbreviations: GC, GC-box; miR, microRNA; ROS, reactive oxygen species; Sp, specificity protein.
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in various cancers, including pancreatic cancer. Phenethyl
isothiocyanate also downregulates Sp transcription factors
through inhibition of miR-17-5p:20a, miR-27a, and induction
of ZBTB4, 10, and 34 in a ROS dependent pathway.”!

Conclusion

Sp transcription factors are members of the Sp/KLF of
25 transcription factors that bind GC-rich promoter sequences
and regulate basal expression of multiple mammalian and
viral genes. Knockout of Spl in mice is embryo-lethal;
however, expression of Spl is significantly decreased in
rodent and human tissues with increasing age. Studies in our
laboratory show that in mouse xenograft studies, Sp1 expres-
sion is low in the liver, kidney and also in more proliferative
tissues such as the gastrointestinal tract. In contrast, expres-
sion of Sp1 and also Sp3 and Sp4 are high in breast, colon,
pancreatic, prostate, and bladder tumor xenografts and their
derived cancer cell lines. RNA interference studies in which
Spl is knocked down demonstrate that Sp transcription fac-
tors regulate several genes involved in cancer cell survival,
angiogenesis, and proliferation, and Sp3 and Sp4 also exhibit
these activities in some cancer cell lines. Moreover, it was
reported that Sp1 is a biomarker that identifies patients with
a highly aggressive subtype of PDAC. Targeting Spl can
be accomplished using Sp1 inhibitors such as MTA, which
bind specifically to GC-rich regions of double stranded DNA
and block Sp1 binding, or by using antineoplastic drugs that
downregulate expression of Sp1, Sp3, Sp4, and Sp-regulated
genes. The mechanism of action through which these drugs
act is variable and includes activation of proteosome-,
ROS-, and phosphatase-dependent pathways (Figure 3).
Combination studies with BA or TA and MTA showed
that these drugs can synergistically downregulate Sp1 and
enhance tumor growth inhibition, indicating there is potential
for combination therapies with agents that target Sp proteins
and may offer improved treatment for patients with pancreatic
cancer with decreased treatment-related toxicities.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Weinberg RA. Oncogenes, antioncogenes, and the molecular bases of
multistep carcinogenesis. Cancer Res. 1989;49(14):3713-3721.

2. Weinberg F, Chandel NS. Mitochondrial metabolism and cancer. Ann N
Y Acad Sci. 2009;1177:66-73.

3. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics,
2009. CA4 Cancer J Clin. 2009;59(4):225-249.

4. Siegel R, Naishadham D, Jemal A. Cancer Statistics, 2013. C4 Cancer
J Clin. 2013;63(1):11-30.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

. Ottenhof NA, Milne AN, Morsink FH, et al. Pancreatic intraepithelial

neoplasia and pancreatic tumorigenesis: of mice and men. Arch Pathol
Lab Med. 2009;133(3):375-381.

. Nkondjock A, Krewski D, Johnson KC, Ghadirian P; Canadian Cancer

Registries Epidemiology Research Group. Dietary patterns and risk of
pancreatic cancer. /nt J Cancer. 2005;114(5):817-823.

. Nkondjock A, Krewski D, Johnson KC, Ghadirian P; Canadian

Cancer Registries Epidemiology Research Group. Specific fatty
acid intake and the risk of pancreatic cancer in Canada. Br J Cancer.
2005;92(5):971-9717.

. Ghadirian P, Nkondjock A. Consumption of food groups and the risk

of pancreatic cancer: a case-control study. J Gastrointest Cancer.
2010;41(2):121-129.

. Shi C, Hruban RH, Klein AP. Familial pancreatic cancer. Arch Pathol

Lab Med. 2009;133(3):365-374.

Hruban RH, Adsay NV. Molecular classification of neoplasms of the
pancreas. Hum Pathol. 2009;40(5):612—623.

Hruban RH, Maitra A, Schulick R, et al. Emerging molecular biol-
ogy of pancreatic cancer. Gastrointest Cancer Res. 2008;2(Suppl 4):
S10-S15.

Gidekel Friedlander SY, Chu GC, Snyder EL, et al. Context-dependent
transformation of adult pancreatic cells by oncogenic K-Ras. Cancer
Cell. 2009;16(5):379-389.

Hingorani SR, Petricoin EF, Maitra A, et al. Preinvasive and invasive
ductal pancreatic cancer and its early detection in the mouse. Cancer
Cell. 2003;4(6):437-450.

Maitra A, Hruban RH. Pancreatic cancer. Annu Rev Pathol. 2008;3:
157-188.

Xing HR, Cordon-Cardo C, Deng X, et al. Pharmacologic inactivation
ofkinase suppressor of ras-1 abrogates Ras-mediated pancreatic cancer.
Nat Med. 2003;9(10):1266—1268.

Maitra A, Kern SE, Hruban RH. Molecular pathogenesis of pancreatic
cancer. Best Pract Res Clin Gastroenterol. 2006;20(2):211-226.
Hingorani SR, Wang L, Multani AS, et al. Trp53R172H and KrasG12D
cooperate to promote chromosomal instability and widely metastatic
pancreatic ductal adenocarcinoma in mice. Cancer Cell. 2005;7(5):
469-483.

Hansel DE, Kern SE, Hruban RH. Molecular pathogenesis of pancreatic
cancer. Annu Rev Genomics Hum Genet. 2003;4:237-256.
Fernandez-Zapico ME, Gonzalez-Paz NC, Weiss E, et al. Ectopic
expression of VAV reveals an unexpected role in pancreatic cancer
tumorigenesis. Cancer Cell. 2005;7(1):39—49.

Bertone P, Stolc V, Royce TE, et al. Global identification of human
transcribed sequences with genome tiling arrays. Science. 2004;
306(5705):2242-2246.

Cheng J, Kapranov P, Drenkow J, et al. Transcriptional maps of
10 human chromosomes at 5-nucleotide resolution. Science. 2005;
308(5725):1149-1154.

Kapranov P, Cheng J, Dike S, et al. RNA maps reveal new RNA
classes and a possible function for pervasive transcription. Science.
2007;316(5830):1484-1488.

American Cancer Society. Cancer Facts and Figures 2013 [webpage
on the Internet]. Atlanta: American Cancer Society; 2013. Available
from: http://www.cancer.org/research/cancerfactsstatistics/cancerfacts-
figures2013/index. Accessed December, 2013.

Hawes RH, Xiong Q, Waxman I, Chang KJ, Evans DB,
Abbruzzese JL. A multispecialty approach to the diagnosis and
management of pancreatic cancer. Am J Gastroenterol. 2000;95(1):
17-31.

Lau WY, Lai EC. Development and controversies of adjuvant therapy
for pancreatic cancer. Hepatobiliary Pancreat Dis Int. 2008;7(2):
121-125.

Pliarchopoulou K, Pectasides D. Pancreatic cancer: current and future
treatment strategies. Cancer Treat Rev. 2009;35(5):431-436.
Mahalingam D, Kelly KR, Swords RT, Carew J, Nawrocki ST,
Giles FJ. Emerging drugs in the treatment of pancreatic cancer. Expert
Opin Emerg Drugs. 2009;14(2):311-328.

submit your manuscript

72

Dove

Gastrointestinal Cancer: Targets and Therapy 2014:4


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2013/index
http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2013/index

Dove

Therapeutic targeting of Spl transcription factor in pancreatic cancer

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

Sezgin C, Karabulut B, Uslu R, et al. Gemcitabine treatment in patients
with inoperable locally advanced/metastatic pancreatic cancer and
prognostic factors. Scand J Gastroenterol. 2005;40(12):1486—-1492.
Wong HH, Lemoine NR. Pancreatic cancer: molecular pathogenesis
and new therapeutic targets. Nat Rev Gastroenterol Hepatol.
2009;6(7):412-422.

Lemons D, McGinnis W. Genomic evolution of Hox gene clusters.
Science. 2006;313(5795):1918-1922.

Courey AJ, Tjian R. Analysis of Spl in vivo reveals multiple
transcriptional domains, including a novel glutamine-rich activation
motif. Cell. 1988;55(5):887-898.

Bouwman P, Philipsen S. Regulation of the activity of Spl-related
transcription factors. Mol Cell Endocrinol. 2002;195(1-2):27-38.
Suske G. The Sp-family of transcription factors. Gene. 1999;238(2):
291-300.

Wierstra 1. Spl: emerging roles — beyond constitutive activation of
TATA-less housekeeping genes. Biochem Biophys Res Commun.
2008;372(1):1-13.

Abdelrahim M, Smith R, Burghardt R, Safe S. Role of Sp proteins
in regulation of vascular endothelial growth factor expression and
proliferation of pancreatic cancer cells. Cancer Res. 2004;64(18):
6740-6749.

Marin M, Karis A, Visser P, Grosveld F, Philipsen S. Transcription
factor Sp1 is essential for early embryonic development but dispensable
for cell growth and differentiation. Cell. 1997;89(4):619-628.

Lou Z, O’Reilly S, Liang H, Maher VM, Sleight SD, McCormick JJ.
Down-regulation of overexpressed sp1 protein in human fibrosarcoma cell
lines inhibits tumor formation. Cancer Res. 2005;65(3):1007-1017.
Abdelrahim M, Baker CH, Abbruzzese JL, et al. Regulation of vas-
cular endothelial growth factor receptor-1 expression by specificity
proteins 1, 3, and 4 in pancreatic cancer cells. Cancer Res. 2007;67(7):
3286-3294.

Higgins KJ, Abdelrahim M, Liu S, Yoon K, Safe S. Regulation of vascu-
lar endothelial growth factor receptor-2 expression in pancreatic cancer
cells by Sp proteins. Biochem Biophys Res Commun. 2006;345(1):
292-301.

Abdelrahim M, Baker CH, Abbruzzese JL, Safe S. Tolfenamic acid and
pancreatic cancer growth, angiogenesis, and Sp protein degradation.
J Natl Cancer Inst. 2006;98(12):855-868.

Chintharlapalli S, Papineni S, Abdelrahim M, et al. Oncogenic microR-
NA-27a is a target for anticancer agent methyl 2-cyano-3,11-dioxo-
18beta-olean-1,12-dien-30-oate in colon cancer cells. Int J Cancer.
2009;125(8):1965-1974.

Mertens-Talcott SU, Chintharlapalli S, Li X, Safe S. The oncogenic
microRNA-27a targets genes that regulate specificity protein
transcription factors and the G2-M checkpoint in MDA-MB-231 breast
cancer cells. Cancer Res. 2007;67(22):11001-11011.

Chadalapaka G, Jutooru I, Chintharlapalli S, et al. Curcumin decreases
specificity protein expression in bladder cancer cells. Cancer Res.
2008;68(13):5345-5354.

Jutooru I, Chadalapaka G, Sreevalsan S, et al. Arsenic trioxide down-
regulates specificity protein (Sp) transcription factors and inhibits
bladder cancer cell and tumor growth. Exp Cell Res. 2010;316(13):
2174-2188.

Ammendola R, Mesuraca M, Russo T, Cimino F. Spl DNA binding
efficiency is highly reduced in nuclear extracts from aged rat tissues.
J Biol Chem. 1992;267(25):17944-17948.

Oh JE, Han JA, Hwang ES. Downregulation of transcription factor,
Spl, during cellular senescence. Biochem Biophys Res Commun.
2007;353(1):86-91.

Chintharlapalli S, Papineni S, Ramaiah SK, Safe S. Betulinic acid
inhibits prostate cancer growth through inhibition of specificity protein
transcription factors. Cancer Res. 2007;67(6):2816-2823.

Jiang NY, Woda BA, Banner BE, Whalen GF, Dresser KA, Lu D. Spl,
anew biomarker that identifies a subset of aggressive pancreatic ductal
adenocarcinoma. Cancer Epidemiol Biomarkers Prev. 2008;17(7):
1648-1652.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Black AR, Black JD, Azizkhan-Clifford J. Sp1 and kriippel-like factor
family of transcription factors in cell growth regulation and cancer.
J Cell Physiol. 2001;188(2):143-160.

Xie K, Wei D, Huang S. Transcriptional anti-angiogenesis
therapy of human pancreatic cancer. Cytokine Growth Factor Rev.
2006;17(3):147-156.

Shi Q, Le X, Abbruzzese JL, et al. Constitutive Sp1 activity is essential
for differential constitutive expression of vascular endothelial growth
factor in human pancreatic adenocarcinoma. Cancer Res. 2001;61(10):
4143-4154.

Jia Z, Zhang J, Wei D, et al. Molecular basis of the synergistic
antiangiogenic activity of bevacizumab and mithramycin A. Cancer
Res. 2007;67(10):4878—-4885.

Jungert K, Buck A, von Wichert G, etal. Sp! is required for transforming
growth factor-beta-induced mesenchymal transition and migration in
pancreatic cancer cells. Cancer Res. 2007,67(4):1563—-1570.

GaoY, Jia Z, Kong X, et al. Combining betulinic acid and mithramycin
a effectively suppresses pancreatic cancer by inhibiting proliferation,
invasion, and angiogenesis. Cancer Res. 2011;71(15):5182-5193.
Jutooru I, Chadalapaka G, Abdelrahim M, et al. Methyl 2-cyano-3,12-
dioxooleana-1,9-dien-28-oate decreases specificity protein transcription
factors and inhibits pancreatic tumor growth: role of microRNA-27a.
Mol Pharmacol. 2010;78(2):226-236.

Jutooru I, Chadalapaka G, Lei P, Safe S. Inhibition of NFkappaB and
pancreatic cancer cell and tumor growth by curcumin is dependent
on specificity protein down-regulation. J Biol Chem. 2010;285(33):
25332-25344.

Yuan P, Wang L, Wei D, et al. Therapeutic inhibition of Sp1 expression
in growing tumors by mithramycin a correlates directly with potent anti-
angiogenic effects on human pancreatic cancer. Cancer. 2007;110(12):
2682-2690.

Osada N, Kosuge Y, Ishige K, Ito Y. Mithramycin, an agent for
developing new therapeutic drugs for neurodegenerative diseases.
J Pharmacol Sci. 2013;122(4):251-256.

LeeTJ, Jung EM, Lee JT, et al. Mithramycin A sensitizes cancer cells to
TRAIL-mediated apoptosis by down-regulation of XIAP gene promoter
through Sp1 sites. Mol Cancer Ther. 2006;5(11):2737-2746.

Taylor DJ, Parsons CE, Han H, Jayaraman A, Rege K. Parallel
screening of FDA-approved antineoplastic drugs for identifying
sensitizers of TRAIL-induced apoptosis in cancer cells. BMC Cancer-.
2011;11:470.

Konduri S, Colon J, Baker CH, et al. Tolfenamic acid enhances pancre-
atic cancer cell and tumor response to radiation therapy by inhibiting
survivin protein expression. Mol Cancer Ther. 2009;8(3):533-542.
Jia Z, Gao'Y, Wang L, et al. Combined treatment of pancreatic cancer
with mithramycin A and tolfenamic acid promotes Sp1 degradation and
synergistic antitumor activity. Cancer Res. 2010;70(3):1111-1119.
Gandhy SU, Kim K, Larsen L, Rosengren RJ, Safe S. Curcumin
and synthetic analogs induce reactive oxygen species and decreases
specificity protein (Sp) transcription factors by targeting microRNAs.
BMC Cancer. 2012;12:564.

Safe SH, Prather PL, Brents LK, Chadalapaka G, Jutooru I. Unifying
mechanisms of action of the anticancer activities of triterpenoids
and synthetic analogs. Anticancer Agents Med Chem. 2012;12(10):
1211-1220.

Deeb D, Gao X, LiuY, Varma NR, Arbab AS, Gautam SC. Inhibition of
telomerase activity by oleanane triterpenoid CDDO-Me in pancreatic
cancer cells is ROS-dependent. Molecules. 2013;18(3):3250-3265.
El-Jurdi NH, Saif MW. Diabetes and pancreatic cancer. JOP. 2013;
14(4):363-366.

Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD.
Metformin and reduced risk of cancer in diabetic patients. BM.J.
2005;330(7503):1304-1305.

Libby G, Donnelly LA, Donnan PT, Alessi DR, Morris AD, Evans JM.
New users of metformin are at low risk of incident cancer:
a cohort study among people with type 2 diabetes. Diabetes Care.
2009;32(9):1620-1625.

Gastrointestinal Cancer: Targets and Therapy 2014:4

submit your manuscript

73

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Jutooru et al Dove

69. Nair V, Pathi S, Jutooru I, et al. Metformin inhibits pancreatic cancer 71. Jutooru I, Guthrie A, Chadalapaka G, et al. Mechanism of Action of
cell and tumor growth and downregulates Sp transcription factors. Phenethylisothiocyanate and Other ROS-Inducing Anticancer Agents.
Carcinogenesis. 2013;34(12):2870-2879. Moll Cell Biol. Epub 2014 Apr 14.

70. Banerjee S, Sangwan V, McGinn O, et al. Triptolide-induced cell
death in pancreatic cancer is mediated by O-GlcNAc modification of
transcription factor Spl. J Biol Chem. 2013;288(47):33927-33938.

Gastrointestinal Cancer: Targets and Therapy Dove

Publish your work in this journal

Gastrointestinal Cancer: Targets and Therapy is an international,  cancer patient. The manuscript management system is completely
peer-reviewed, open access journal focusing on gastro-intestinal online and includes a very quick and fair peer-review system. Visit
cancer research, identification of therapeutic targets and the optimal ~ http://www.dovepress.com/testimonials.php to read real quotes from
use of preventative and integrated treatment interventions to achieve ~ published authors.

improved outcomes, enhanced survival and quality of life for the

Submit your manuscript here: http://www.dovepress.com/gastro-intestinal-cancer-targets-and-therapy-journal

74 submit your manuscript Gastrointestinal Cancer: Targets and Therapy 2014:4
Dove


http://www.dovepress.com/gastro-intestinal-cancer-targets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


