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Caffeine and the analog CGS 15943 inhibit cancer
cell growth by targeting the phosphoinositide
3-kinase/Akt pathway
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Caffeine is a naturally occurring methylxanthine that acts as a non-selective adenosine receptor antagonist.
Epidemiological studies demonstrated habitual coffee drinking to be significantly associated with liver cancer survival.
We aimed to investigate the effects of caffeine and its analog CGS 15943 on hepatocellular carcinoma (HCC) and
pancreatic cancer adenocarcinoma (PDAC). We demonstrate that caffeine and CGS 15943 block proliferation in HCC and
PDAC cell lines by inhibiting the PI3K/Akt pathway. Importantly a kinase profiling assay reveals that CGS 15943 targets
specifically the catalytic subunit of the class IB PI3K isoform (p110y). These data give mechanistic insight into the action
of caffeine and its analogs and they identify these compounds as promising lead compounds to develop drugs that can
specifically target this PI3K isoform whose key role in cancer progression is emerging.

Introduction

Hepatocellular carcinoma (HCC) is a primary liver cancer and
the third most common cause of cancer mortality worldwide.' It
occurs more often in men than women, and it is usually seen in
people aged over 50.>* Indeed in 2011 HCC was estimated as
the fifth most common cancer and the second leading cause of
cancer-related death in men and the seventh most common and
sixth leading cause of death in women.> Most cases occur in the
sub-Saharan Africa and eastern Asia but the incidence is rising
in developed regions, including western countries with previ-
ous low or intermediate incidence,® mainly because of alcoholic
liver disease and hepatitis C infection.”” Liver cirrhosis, which
can be caused by hepatitis B and C, alcohol abuse, and obesity,
is considered a premalignant condition for developing HCC, as
about 80% of HCC is associated with liver cirrhosis.**!* Sur-
gery, either hepatic resection or liver transplantation, remains the
most effective treatment for HCC'" but only a small percentage
of patients are eligible for this treatment since the majority of
patients present with advanced or unresectable disease.”" For
many years systemic chemotherapy also proved to be only mini-
mally effective’*" and currently only the inhibitor sorafenib is
approved for advanced HCC patients." Several additional agents
are currently being tested in clinical trials" but there is a clear
and urgent need to identify novel potential chemotherapeutic
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agents. Interestingly, several studies have identified an associa-
tion between coffee/caffeine intake and reduced risk of HCC."'®

Caffeine is a naturally occurring methylxanthine non-selec-
tive adenosine receptor antagonist that can be found in many
beverages like coffee, tea, and Coke and in some medications like
pain remedies. Global consumption of caffeine has been esti-
mated at 120000 tons per year, making it the most widely con-
sumed pharmacologically active substance in the world.” Many
epidemiological studies (case-control and cohort studies) dem-
onstrated habitual coffee drinking to be significantly inversely
associated with HCC mortality.'*'#2*?" According to National
Health and Nutrition Examination Survey (NHANES III), two
cups of coffee per day were sufficient to reduce the risk of fibro-
sis progression markedly.”? This effect was presumably medi-
ated by caffeine. In addition to its preventive properties, studies
have also proposed caffeine to be an anti-cancer agent due to
its inhibitory effect on cell growth and induction of apoptosis
in some cancer cell lines.”*** Indeed the potential chemothera-
peutic benefit of caffeine was identified as early as 1974 when
topical administration was shown to inhibit skin carcinogenesis
in mice.” Subsequently, inhibition of carcinogenesis by caffeine
2628 Taken together
all these studies suggest that caffeine can be considered as both

was reported in lung, stomach, and breast.

chemopreventive and chemotherapeutic agent. Importantly caf-

feine has also been show to enhance the toxicity of radiation®
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and of chemotherapeutic agents in cancer cells including hepa-

toma cell lines.?43¢

Caffeine has been reported to affect cell cycle
and induce apoptosis®4373

anti-carcinogenic effect are still not completely elucidated. Inter-

but the molecular mechanisms of its

estingly, caffeine has been shown to inhibit various isoforms of
phosphoinositide 3-kinases (PI3Ks) in vitro.*

Phosphoinositide 3 kinases (PI3K) are a family of lipid
kinases divided into three classes.”** Class I exist as heterodi-
mers consisting of a catalytic subunit and a regulatory subunit;
class IA comprises three catalytic subunits (p110a, p110(3, and
p1108) and three regulatory subunits (p85a, p85B, and p55y)
while p1107y is the only catalytic subunit of class IB and it can
associate with two regulatory subunits (p84 and p101). Class
IT comprises three monomeric isoforms (PI3K-C2a, PI3K-C23,
and PI3K-C2vy)* whereas hVps34 is the only member of class
11942 PI3Ks catalyze the phosphorylation of the 3-hydroxyl
group within the inositol ring of phosphatidylinositol and
some of its derivatives phosphoinositides. Specifically, class I
PI3Ks catalyze the phosphorylation of phosphatidylinositol
4,5-bisphosphate (PtdIns[4,5]P,) to generate phosphatidylinosi-
tol 3,4,5-trisphosphate (PtdIns[3,4,5]P)) downstream of recep-
tor tyrosine kinase or G-protein-coupled receptors activation.
PtdIns(3,4,5) P, then interacts and activates specific kinases,
including the most studied protein kinase B/Akt that in turn
control several cellular functions including cell survival, prolif-
eration, and migration. The PI3K pathway is mainly regulated
by the enzyme phosphatase and tensin homolog (PTEN), which
is a tumor suppressor and a lipid phosphatase that dephosphory-
lates PtdIns(3,4,5)P, to PtdIns(4,5)P, therefore antagonizing
the action of PI3Ks.*

Hyperactivation of PI3K-dependent pathways occurs in many
types of cancer, including HCC, either as a result of mutation/
deletion of PTEN gene®* or due to gain of function/mutation
of PI3Ks or amplification of its downstream effector Akt. %4
Indeed the PI3K pathway has increasingly become an attractive
target in cancer therapy development®! and PI3Ks inhibitors
are being tested in clinical trials. It is important to notice that
for many years most of the studies investigating the role of PI3Ks
in cancer have been almost exclusively focused on the class IA
isoform pl10a, since gain of function of this specific isoform
through mutation was detected in several human cancers.”> Only
recently has an increased interest emerged to determine the poten-
tial contribution of other PI3K isoforms to cancer development
and progression and to identify alternative and possibly more
specific therapeutic strategies. In this respect we have recently
demonstrated that the class IB isoform pl10y plays an impor-
tant role in pancreatic®® and liver cancer.’® Similarly other groups
have shown that p110y may play a role in medulloblastoma® and
breast cancer.”® These data have revealed a novel important role
for p110+y in tumorigenesis and have highlighted the importance
of developing potential novel strategies specifically targeting this
isoform.”

Here we show that caffeine and the analog CGS 15943 inhib-
its proliferation of HCC and pancreatic ductal adenocarcinoma

(PDAC) cells. Our data show that caffeine and CGS 15943 have
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an anti-carcinogenic effect on HCC and PDAC cells by acting on
the PI3K/Akt signaling pathway. Importantly we show that CGS
15943 selectively targets p110y indicating that it may represent
an important lead compound to develop drugs that can specifi-
cally target this PI3K isoform whose key role in cancer progres-
sion is emerging.

Results

Caffeine and CGS 15943 inhibit proliferation of human
HCC

To determine whether caffeine affected proliferation, distinct
HCC cell lines were incubated with increasing concentrations of
caffeine and cell number was determined by counting after 72 h.
Results show that caffeine strongly inhibited cell growth in HLF
and SK-Hep-1 cell lines (Fig. 1A). Similar results were obtained
in HepG2 and PLC-PRE-5 cells (Fig. S1A). A reduction in cell
viability was also detected by MTT assay in HLF and HepG2
upon treatment with increasing concentrations of caffeine
(Fig. S1B). We then determined the effect of distinct methyl
xanthines on cell proliferation of HCC cell lines. Treatment of
HLF and SK-Hep-1 with increasing concentrations of theoph-
ylline (Fig. 1B) and, to a lesser extent, theobromine (Fig. 1C)
also reduced cell number as assessed by cell counting (Fig. 1B
and C). HLF cell viability assessed by MTT was also inhibited
upon treatment with increasing concentrations of theophylline
(Fig. S1C) and, to a lesser extent, theobromine (Fig. S1D). Once
assessed the inhibitory effect of methyl xanthines we then investi-
gated the effect of caffeine analogs on HCC cell growth. Among
these analogs we observed that the compound CGS 15943 inhib-
ited growth of HLF and SK-Hep-1 (Fig. 1D) as well as HepG2
and PLC-PRE-5 cells (Fig. S1E) assessed by cell counting. Simi-
larly, viability assessed by MTT was reduced in PLC-PRE-5
and HLF upon treatment with CGS 15943 (Fig. S1F). Taken
together these data indicated that methyl-xanthines, and more
potently the caffeine analog CGS 15943 inhibit growth of four
distince HCC cell lines.

CGS 15943 only slightly induces apoptosis in HCC

We next investigated whether the reduction in cell number
detected in HCC cell lines upon treatment with CGS 15943 or
caffeine was due to increased apoptosis or to inhibition of cell
proliferation. HLF and SK-Hep-1 cells were treated with CGS
15943 for 72 h in the presence of serum and the percentage of
apoptotic cells was measured by flow cytometry using Annex-
inV-conjugated FITC and PI stain. Treatment with CGS 15943
only slightly induced apoptosis when used at concentrations of
20 pM in SK-Hep-1 (Fig. 2). On the other hand, caffeine did
not appear to induce apoptosis when used at a concentration able
to block proliferation in SK-Hep-1 cells (Fig. 2). The relatively
modest effect detected in these experiments suggests that induc-
tion of apoptosis only partially contributes to the reduction of cell
number detected upon treatment with CGS 15943 or caffeine.
Taken together these data suggest that both compounds mainly
affect cell proliferation, possibly through cell cycle impairment,
whereas they only slightly induce apoptosis.
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Caffeine and CGS 15943 inhibit the
PI3K/Akt pathway

Since it has been previously shown that
both caffeine and CGS could affect the PI3K
lipid kinase in vitro activity® we decided to
investigate whether the detected effects of
CGS 15943 in HCC were ascribable to inhibi-
*% tion of the PI3K pathway in vivo. To test this
hypothesis, HLF and Sk-Hep-1 were treated
with increasing concentrations of CGS 15943
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for 24 h in the presence of serum and phos-
phorylation of the PI3K downstream effector

Akt was assessed by western blotting analy-
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Figure 1. In vitro activity of xanthines and CGS 15943 on HCC cell lines. HLF and SK-Hep-1
cell lines were treated for 72 h with increasing concentrations of the indicated compounds in
the presence of serum and cell proliferation was assessed by cell counting. In all panels data
are expressed as percentage of untreated cells and are means + s.e.m. (A) Results are from
n = 4-7 (HLF) and n = 3-5 (Sk-Hep-1) independent experiments. (B) Results are from n = 3
(HLF) and n = 4 (Sk-Hep-1) independent experiments. (C) For both cell lines results are from
n = 4 independent experiments. (D) Results are from n = 4-7 (HLF) and n = 3-4 (Sk-Hep-1)
independent experiments. HLF: *P < 0.05, **P < 0.01, ***P < 0.001 vs corresponding untreated
cells as assessed by the Student t test (paired, one-tailed distribution). SK-Hep-1: #P < 0.05,
#P < 0.01 vs corresponding untreated cells as assessed by the Student t test (paired, one-tailed

distribution).

tions of caffeine (Fig. S3A). Treatment of
SK-Hep-1 with theophylline inhibited Ser473
Akt phosphorylation (Fig. S3B and D) and
theobromine also slightly affected Ser473 Akt
phosphorylation in SK-Hep-1 (Fig. S3C and
E). Both theophylline and theobromine also
reduced Ser473 Akt phosphorylation in HLF
(Fig. S3D and E). None of these treatments
affected ERK1/2 phosphorylation (Fig. S3B—
E). These data demonstrate that caffeine and
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Figure 2. Anti-apoptotic activity of CGS 154943 and caffeine in HCC cells.
HCC cell lines were treated for 72 h with the indicated concentrations of
CGS 15943 and caffeine. The number of surviving cells was assessed by
flow cytometry using Annexin V-conjugated FITC and PI stain. Data are
means + s.e.m. of n = 3 (SK-Hep-1) and n = 2 (HLF) independent experi-
ments. *P < 0.01.
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CGS 15943 inhibit the PI3K/Akt pathway in
HCC cells.

Selective adenosine receptor antagonists did not inhibit
proliferation

Since caffeine and CGS 15943 are known non-selective ade-
nosine receptor antagonists we next investigated whether the
detected effects on proliferation and on the PI3K pathway could
result from inhibition of adenosine receptors. To test this hypoth-
esis, we determined the effect of specific antagonists of the four
adenosine receptors on proliferation of HCC cell lines. We first
performed a time course of the effects of DPCPX (A, receptor
antagonist), SCH (A,, receptor antagonist), MRS 1706 (A,
receptor antagonist), and MRS 1334 (A, receptor antagonist) on
proliferation of HLF (Fig. 4A) and PLC-PRF-5 (Fig. 4B) cells.
MRS 1706 and MRS 1334 were then tested at concentrations
ranging from 0.01 wM to 1 wM in the same cells (Fig. 4C and
D). Interestingly, we did not observe significant inhibition of cell
proliferation in either PLC-PRF-5 or HLF cells upon treatment
with the adenosine receptor inhibitors and at the concentrations
tested. These data rule out a role for these receptors in caffeine-

and CGS 15943-induced inhibition of proliferation of HCC cells.
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Kinase profiling assay A
To gain further insight into the mechanism by
which CGS 15943 inhibits the PI3K/Akt pathway
we performed an in vitro kinase profiling assay
(SelectScreen™, Invitrogen). The effect of CGS

15943 was tested on 23 kinases including members
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CGS 15943 (uM)

pSerd73 pSerd73

Akt

of the PI3K family (Table 1), PI3K downstream HLF - Sk-Hep-1
effectors (Table 2) as Akt and 3-phosphoinositide-
dependent protein kinase (PDK1) and several recep- | (G~ __CGS 15943 (uM) D CGS 15943 (uM)

tor tyrosine kinases (Table 3). The assay revealed
that CGS 15943 inhibited the kinase activity of the
class IB PI3K isoform p110y with an IC, of 1.1 p.M
(Fig. S4). A slight inhibition was also detected on
the class A PI3K isoform p1108 with an IC, of
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The inhibitory effect of CGS 15943 on pro-
liferation of HCC cells together with the specific
effect of this compound on pl10y kinase activ-
ity in vitro are consistent with our previous data

demonstrating a key role for this specific PI3K iso-
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form on proliferation of HCC cells.** Since we also

reported that pl10y is critical for proliferation of
pancreatic cancer cells,”® we next investigated the
effect of CGS 15943 on pancreatic cancer cell lines
ASPC1 and HPAF-II. Consistent with the ability of
the compound to inhibit p110+y activity, treatment
with increasing concentrations of CGS 15943 for
72 h reduced the number of ASPC1 and HPAF-II

assessed by cell counting (Fig. 5A). Time course antibody.

Figure 3. In vitro activity of CGS and caffeine on Akt phosphorylation. HLF and
SK-Hep-1 cells were treated for 24 h with the indicated concentrations of CGS 15943 in
the presence of serum. Akt activation was assessed by monitoring phosphorylation at
its residues Ser473 (A and B) and Thr308 (C and D). Equal loading was assessed using
an anti-ERK2 antibody. Alternatively membranes were stripped and re-incubated with
an anti-Akt antibody. Phosphorylation of ERK1/2 was also assessed by using a specific
antibody (E and F). Membranes were then stripped and re-incubated with an anti-ERK2

experiments confirmed the inhibitory effect of CGS

15943 on growth of both cell lines (Fig. 5B and C). A slight
increase in apoptosis was also detected in HPAF-II upon treat-
ment with CGS (Fig. 5D). Reduced cell number (Fig. S5A) and
viability (Fig. S5B) were also observed in ASPCI cells treated
with increasing concentrations of theophylline. Both CGS 15943
(Fig. S5C) and caffeine (Fig. S5D) inhibited Akt phosphoryla-
tion in ASPCI. Taken together, these data support the hypothesis
that CGS 15943 inhibits proliferation of HCC and PDAC cell
lines by specifically targeting the class IB isoform p1107y and its
downstream target Akt. More important, these data suggest that
CGS 15943 may represent a valid pharmacophore for the devel-
opment of specific and potent inhibitors of this PI3K isoform as
novel anti-cancer drugs for HCC and PDAC treatment.

Discussion

Several epidemiological studies have reported an association
between coffee/caffeine intake and reduced risk of different
types of cancer. For instance some of the most recent prospec-
tive studies have reported that caffeinated coffee is inversely asso-
ciated with oral/pharyngeal cancer mortality®® and that coffee
consumption, in particular caffeinated coffee, is associated with
lower risk of type I endometrial cancer in obese postmenopausal
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women.” Inverse association between coffee consumption and
the risk of basal cell carcinoma has also been reported® in partic-
ular in participants with prior skin cancers® with no association

06! and melanoma.®' Specifically to

for squamous cell carcinomas
our study, coffee/caffeine consumption has been inversely asso-
ciated with HCC."182022 One of the most recent metaanalyses
has reported a 40% reduction in the risk of HCC for any coffee
consumption compared with no consumption.®* A very similar
percentage of reduction in risk of HCC (44%) for individuals
who consumed three or more cups of coffee compared with non-
drinkers has also been recently reported in the Singapore Chinese
Health Study.®® These studies suggest that caffeine may represent
a chemopreventive agent in HCC. Consistent with this hypoth-
esis caffeine was reported to inhibit diethhylnitrosamine-induced
hepatocarcinogenesis in rats® and coffee, especially containing
caffeine, was shown to prevent the formation of pre-neoplastic
liver lesions induced by aflatoxin B .%

In the present study we showed that caffeine was able to inhibit
proliferation of four distinct HCC cell lines in vitro consistent
with previous studies demonstrating anti-proliferative properties
of caffeine in hepatic cancer cells.?***% Other methylxanthines
tested, namely theophylline and theobromine, were also able to
reduce cell proliferation although to a lesser extent compared to
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HCC cell lines is due to inhibition of the
adenosine receptors. On the other hand we
Figure 4. In vitro activity ofadenosine.receptc?rs—spe'cific arntagonists on H;C c.eII lines. HLF a'nd found that caffeine and CGS 15943 were
PLC-PRF-5 cells were treated for the indicated time points with 0.1 uM of the indicated adenosine C e BT
receptors antagonists (A and B) or for 72 h with increasing concentrations of receptors-specific able to inhibit Akt phosphory]atlon indicat-
antagonists (C and D) in the presence of serum. Cell growth was assessed by cell counting. In all ing that these compounds exert their effect
panels data are expressed as percentage of untreated cells and are means + s.e.m. of n =2 (A and by targeting the PI3K/Akt pathway. Inhibi-
C) (except for treatment with MRS 1796 and MRS 1334 at 72 h for which n = 4) and n =2 (B and D) tion of Akt phosphorylation was previously
(except for treatment at 0.1 wM for which n = 4) independent experiments. reported in HepGZ and PLC/PRF/5 cells

caffeine. Interestingly, although it was previously reported that
caffeine slightly induces apoptosis in pancreatic cancer cells,*
in a neuroblastoma cell line®” and in a mouse epithelial cell line
JBG6** we observed that caffeine was not able to induce apoptosis
in hepatic cancer cells at the concentrations used in our study.
This was consistent with previous studies reporting an effect on
cell proliferation with no effect on apoptosis in hepatic cancer
cells?***3¢ Our data support the conclusion that caffeine could
have anti-carcinogenic effects in HCC in addition to chemopre-
ventive properties. However the high concentrations of caffeine
(1-2 mM) necessary to exert its inhibitory effect clearly indicate
that caffeine itself is not likely to represent a suitable chemothera-
peutic agent. Indeed over 100 cups of coffee per day would be
required to achieve a concentration of 1-2 mM caffeine physi-
ologically.®® This high concentration of caffeine in blood would
be followed by adverse side effects, since caffeine can only reach
50-100 M before being highly toxic.®

We therefore decided to investigate whether analogs of caf-
feine might have similar anti-proliferative properties on HCC.
Our data revealed that, among these analogs, CGS 15943 was
able to inhibit in vitro growth of all HCC cell lines examined
at concentrations (1 wM-20 wM) that were much lower than
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treated with caffeine at concentrations as
high as 2.5 mM.* Here we further extended this observation by
showing that CGS 15943 was also able to affect Akt phosphory-
lation in HCC cell lines by acting on the PI3K/Akt pathway.

It is now well established that deregulation of PI3K/Akt path-
way plays a pivotal role in development and progression of several
types of cancer.”®*? Drugs targeting several components of the
PI3K/Akt pathway are currently either in preclinical studies or
are being tested in clinical trials.®' Few of them, for instance
drugs targeting the Akt downstream effector mammalian tar-
get of rapamycin, have also been approved for specific cancer
types. Although the importance of targeting PI3Ks in cancer
is widely recognized and well accepted, a huge interest has cur-
rently emerged toward determining the specific role of each PI3K
isoform in cancer. Indeed selective inhibitors targeting only one
PI3K isoform would guarantee a lower toxicity and higher speci-
ficity than pan-PI3K inhibitors.

In this respect we decided to further investigate the mecha-
nisms of action of CGS 15943 by performing an in vitro screen-
ing of the effect of CGS 15943 on 23 different kinases including
members of the PI3K family and PI3K downstream effectors ad
Akt and PDKI. Interestingly this screening revealed a selective
inhibitory activity of the compound toward the class IB PI3K
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Table 1. Results from SelectScreen™ (Invitrogen) kinase profiling of CGS 15943 — PI3K isoforms

[ATP] Kinase tested % of inhibition % of inhibition % of inhibition | Difference between data 7
tested pM (point 1) (point 2) (mean) points (point 1 — point 2)
Km app PIK3C2A (PI3K-C2at) -1 8 3 9 0.73
100 PIK3C2B (PI3K-C2pB) 3 26 15 23 0.55
Km app PIK3C3 (hVPS34) 2 4 3 2 0.78
Km app PIK3CA/PIK3R1 (p110 a/p85 ) 15 6 10 9 0.76
Kmapp | PIK3CD/PIK3R1 (p110 8/p85 o) 9 24 16 15 0.41
Km app PIK3CG (p110 ) 41 34 38 7 0.62
Table 2. Results from SelectScreen™ (Invitrogen) kinase profiling of CGS 15943 — PI3K downstream effectors
[ATP] Kinase tested % of inhibition % of inhibition % of inhibition Difference between data 7
tested pM (point 1) (point 2) (mean) points (point 1 — point 2)
Km app AKT1 (PKB o) 3 -2 0 6 0.56
Km app AKT2 (PKB B) 8 4 6 4 0.79
Km app AKT3 (PKB v) 13 13 13 0 0.63
100 PDK1 12 13 13 1 0.71
Table 3. Results from SelectScreen™ (Invitrogen) kinase profiling of CGS 15943— other kinases
[ATP] Kinase tested % of inhibition % of inhibition % of inhibition | Difference between data 7
tested uM (point 1) (point 2) (mean) points (point 1 — point 2)
Km app SPHK1 -6 -1 -4 5 0.65
Km app EGFR (ErbB1) -3 4 1 7 0.87
Km app FGFR1 0 0 0 1 0.82
Km app FRAP1 (mTOR) -4 14 5 17 0.92
Km app IGF1R -6 —4 -5 2 0.77
Km app INSR -2 -4 -3 2 0.81
Km app KIT -13 -25 -19 12 0.62
Km app MET (cMet) -9 -20 -15 10 0.79
Km app PDGFRA (PDGFR a) 19 13 16 7 0.78
Km app PTK2 (FAK) 4 5 5 0 0.89
100 RAF1 (cRAF) Y340D Y341D 14 1 12 3 0.57
Km app RET 4 3 4 1 0.91
Km app SRC -1 -6 -3 4 0.90

isoform p110v. A lower inhibitory activity toward the class IA iso-
form p1108 was also detected consistent with a previous report.*’
It must be noted that in this previous study the activity toward
p110y was not assessed. No inhibition of the other PI3Ks tested
was detected in our screening, consistent with previous results®
indicating specificity of CGS 15943 for p110vy.

Importantly we have recently demonstrated that p110y is a
critical enzyme for regulation of proliferation of HCC* strongly
suggesting that CGS 15943 affects proliferation of HCC cells by
specifically inhibiting p110y and its downstream effector Akt.
Consistent with this hypothesis, we observed that CGS 15943
was also able to inhibit proliferation of pancreatic cancer cells, a
process that we previously demonstrated to be highly dependent
on p110vy.” Even if the in vitro IC,  of CGS 15943 toward the
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kinase activity of pl10y does not indicate a strong potency of
this compound, our data suggest that CGS 15943 is a good lead
compound for the development of novel derivatives with higher
potency and better pharmacokinetic properties.

In conclusion, the present data not only support our previ-
ous conclusions that targeting p1107y can represent an important,
novel strategy to inhibit growth of HCC and pancreatic cancer
cells’” but they also indicate that the caffeine analog CGS 15943
represents a promising molecule for further development of
novel chemotherapeutic agents specifically targeting this enzyme
whose key role in cancer progression is emerging. Since there are
very few systemic chemotherapy available for HCC and PDAC,
these results provide important information to develop novel
potential anti-cancer strategies.
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. AsPC1 anti-phosphoThr308 Akt (Santa Cruz Bio-
® sz ® technology Inc.), anti-phospho-p44/42
5 10 > MAPK (Erk1/2) (Thr202/Tyr204) (Cell

o § - 2; Signaling Technology), anti-ERK2 (Santa
§ @ E @ Cruz Biotechnology Inc.), and anti-Akt
s & 0.6 s § (Santa Cruz Biotechnology Inc.). HRP-
Z 8 o4l Z8 conjugated secondary anti-rabbit and anti-
= — ASPC1 \{ s mouse IgG antibodies were from Sigma-
= 021 — . HpaF é Aldrich Co Ltd. whereas anti-goat IgG was
L 0.0 - : - — from Dako UK Ltd.
Western blot analysis
CGS 15943 (uM) Cells were washed with ice-cold PBS

C m HPAF-II D and lysed in lysis buffer (100 mM NaCl,
s L 50 mM TRIS-HCI [pH 7.5], 1 mM EDTA,
> 30 — -’s'e”"l”m 2 o ARG 1 mM pl}enylmethylsulphonyl fluor.lde,

- o2 1: M '% 204 ©HPAFI s 1 mM sodium orthovanadate, 1% Triton
o - = X-100 and protease and phosphatase inhibi-
-; g § 13 tor cocktails [Sigma-Aldrich Co Ltd]) for
= E " % 30 min on ice. Protein levels were quantified
5 10 % by Bradford protein assay. Proteins were sep-
é 8 ‘dc'; 5 arated by SDS/PAGE and transferred onto a

e nitrocellulose membrane (Whatman®). To

¢ 0 3 6 e ? 0 5 20 | block the unspecific binding of proteins, the

Days CGS 15943 (uM) membranes were incubated with blocking

buffer containing 5% milk (Fluka Analyti-

experiments. *P < 0.05.

Figure 5. In vitro activity of caffeine and CGS 15943 on PDAC cell lines. (A) ASPC1 and HPAF-II
cells were treated for 72 h with the indicated concentrations of caffeine and CGS 15943 in
the presence of serum and cell number was assessed by counting. Data are expressed as fold
change vs. untreated cells and are means + s.e.m. of n = 2-4 (ASPC1) and 2-5 (HPAF-II) indepen-
dent experiments. (B and C) ASPC1 (B) and HPAF-II (C) cells were incubated with 5 M or 20 uM
CGS 15943 in the presence of serum. The number of cells was determined by cell counting after
3 and 6 d of incubation. Data are expressed as fold increase over number of cells at day 0 (start
treatment) and are means + s.e.m. of n = 4 (B) and n = 3-4 (C) independent experiments. (D)
ASPC1 and HPAF-II cells were treated for 72 h with the indicated concentrations of CGS 15943
in serum-containing medium. The number of surviving cells was assessed by flow cytometry
using Annexin V-conjugated FITC and PI stain. Data are means + s.e.m. of n = 3 independent

cal GmbH) in PBS-Tween 20 for 30—60 min
at room temperature. After blocking, mem-
branes were washed once with PBS and incu-
bated with primary antibodies overnight at
4 °C. Membranes were then washed 3x with
PBS-Tween 20 and then incubated with sec-
ondary antibodies in PBS-Tween 20 for 1 h
at room temperature. ECL (GE Healthcare
Life Sciences) was used to visualize HRP-
conjugated secondary antibodies.

Cell proliferation/survival

Materials and Methods

Cell lines and culture

Hepatic cancer cell lines Sk-Hep-1, HLF, HepG2, and PLC-
PRF-5 and pancreatic cancer cell lines ASPC1 and HPAF-II were
from American Type Culture Collection (ATCC). Cells were
cultured in RPMI medium supplemented with 10% FBS and
1% penicillin, streptomycin, glutamine (all from GIBCO®, Life
Technologies™) at 37 °C in a 5% CO, incubator.

Materials

Caffeine, CGS 15943 (Sigma-Aldrich Co Ltd.) were dissolved
in PBS and DMSO respectively. Theophylline and Theobro-
mine (Sigma-Aldrich Co Ltd.) were dissolved in 0.1 M NaOH.
Adenosine receptor antagonists DPCPX, SCH, MRS 1706 and
MRS 1334 (Tocris Bioscience) were dissolved in DMSO and
were used at concentrations ranging from 0.01 uM to 1 uM.
For western blotting analysis, the following primary antibodies

were used: anti-phosphoSer473 Akt (Cell Signaling Technology),
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To determine the effect of each specific

inhibitor, cells were cultured in 12-well

plates at 37 °C in a 5% CO, incubator and treated with the indi-

cated xanthine or CGS 15943 for 72 h or with adenosine receptor

antagonists (DPCPX, SCH, MRS 1706, and MRS 1334) for 24,

48, and 72 h. The number of surviving cells was determined by

manual counting using a hemocytometer. Differences between

groups were analyzed by the Student ¢ test (paired, one-tailed
distribution).

Alternatively, cells were cultured in 96-well plates at 37 °C
in a 5% CO, incubator and treated with the compounds for
72 h before incubation with MTT (3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide) for 4 h. Cells were then
dissolved in DMSO and the absorbance was measured using a
spectrophotometer (Synergy HT, BioTek). Differences between
groups were analyzed by the Student ¢ test (paired, one-tailed
distribution).

Apoptosis assay

Cells were treated with caffeine and CGS 15943 for 72 h in

the presence of serum. Cells were then trypsinized and pellets
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were washed with cold PBS before being resuspended in bind-
ing buffer and incubated with Annexin V-conjugated FITC

and propidium iodide (PI) at room temperature for 15 min in

the dark. Stained cells were analyzed by flow cytometry on BD
FACS Canto II analyzer.

SelectScreen™ kinase profiling
The effect of CGS 15943 on the activity of various kinases was
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assessed by SelectScreen™ Kinase Profiling Service (Life Tech-
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