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Abstract: Small cell lung cancer (SCLC) is a malignant human cancer and patients have very limited benefit from
traditional anticancer treatments, with a poor five-year survival rate being 10% less. In present study, we observed
that Notch signalling activation induced SCLC cell growth suppression via overexpressing Notch active fragments
(ICN1, ICN2, ICN3 and ICN4), implying its tumor suppressive role. The histone deacetylase (HDAC) inhibitors also
displayed their suppressive effects. Valproic acid (VPA) as a HDAC inhibitor was found to suppress SCLC cell growth
and cell cycle arrest at phase G1, and observed to decrease HDAC4 and increase acetylation of histone H4 (AcH4)
while activating Notch signalling with an increase of Notch1, Notch target gene HES1 and p21. Meanwhile, we also
observed that VPA greatly stimulated the expression of somatostatin receptor type Il (SSTR2) that is usually over-
expressed in many cancer cells and is used as a target for anticancer drug development, providing a combination
therapy with VPA and the SSTR2-targeting cytotoxins. Thus, VPA was investigated in combination with SSTR2-tar-
geted cytotoxins captothecine-somatostatin conjugate (CPT-SST) and colchicine-somatostatin conjugate (COL-SST).
Our assays showed that these combination treatments strongly led to a greater suppression as compared to each
alone. In conclusion, we found that VPA suppressed SCLC cell growth and increased the expression of SSTR2. These
may provide a novel clinical opportunity for enhanced anticancer therapy using the combination strategy of Notch
signalling regulator and SSTR2-targeting cytotoxins in SCLC treatments.
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Introduction

Lung cancer is the leading cause of cancer-
related death worldwide, with small cell lung
cancer (SCLC) and non-SCLC accounting for
approximately 15% and 80% of all lung can-
cers, respectively [1-3]. Most SCLC patients
are strongly associated with their smoking his-
tories [2]. An increase of SCLC cases was
observed in China and other developing coun-
tries, with a decrease in the developed coun-
tries. SCLC is extremely malignant and lethal
lung cancer, with rapid tumor growth and
metastasis, and also drug resistance. Patients
could get very limited clinical benefits from

most current treatments, with a poor five-year
survival rate being 10% less [3]. Thus, a new
effective and specific anti-SCLC therapeutic is
urgently needed.

Notch signalling has been demonstrated in-
volved in tumor growth and progression. Not-
ch signalling is critically involved in many bio-
logical processes and modulates various differ-
ent cellular functions [4, 5]. Notch signalling is
highly conserved and determines cell destiny.
Notch signalling is involved in the progression
of many human cancers and is highly cell- and
context-specific [6]. Notch signalling acts as
a tumor suppressor in some cancers such as
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lung cancer, cervical cancer and medullary thy-
roid cancer [7-9], or as an oncogene in some
others such as leukemia, liver cancer [10-13].
Thus, to target Notch signalling may be a po-
tential anti-cancer therapeutic strategy.

However, The Notch gene family encodes sin-
gle-pass, heterodimeric type | transmembrane
receptors [4]. These receptors and their ligands
are all large protein molecules that are limit-
ed for drug development. Therefore, to search
small molecules has been catching attentions
from scientists in the fields of Notch signalling.
Certain HDAC inhibitors have been found to
modulate Notch signalling and play different
roles in different types of cancers. Valproic ac-
id (VPA), a HDAC inhibitor and a classic anti-
convulsant drug, has been found to suppress
tumor cell growth and also observed to up-reg-
ulate Notch signalling in certain cancer cells or
down-regulate it in certain others [10, 14].

In our previous studies, besides resulting in
tumor suppression, Notchl signaling activa-
tion in cervical cancer cells up-regulated cer-
tain G protein-coupled receptors such soma-
tostatin (SST) receptors, bombesin receptors
[14]. These receptors have been found to ab-
errantly express in many cancer cells such as
lung cancer, pancreatic cancer, neuroblasto-
ma, carcinoid [15], and applied as drug targets
during anticancer drug development [16, 17].
Thus, a Notch signalling regulator like VPA in
combination with receptor-targeted drug could
further enhance the antitumor efficacy of dru-
gs targeting these receptors [8]. The specific
antitumor advantages of this combination str-
ategy have been confirmed in our previous
studies of cervical cancer, carcinoid and liver
cancer [8, 10, 14].

Our previous study showed that Notch signal-
ing might be a tumor suppressor in SCLC cells
and a potential anti-SCLC target. Thus, in the
present study, we further investigated the ef-
fects of Notch signaling in SCLC DMS53 cells
and the potential applications of Notch signal-
ing-targeted drugs. We found that Notch sig-
naling activation via the transfection of Notch
active fragments (ICN1, ICN2, ICN3 and ICN4)
suppressed SCLC cell growth. The HDAC inhi-
bitor VPA could stimulate Notch signaling as
expected and also greatly increase the expres-
sion of SSTR2, besides suppressing SCLC cell
growth. VPA in combination with the SSTR2-
targeting cytotoxic SST conjugates [17] was
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also investigated and found to enhance sup-
pressive efficacy in SCLC cells, supporting the
combination therapy could be a novel poten-
tial therapeutic strategy in SCLC treatments.

Methods and materials
Materials

Valproic acid sodium salt (valporic acid, VPA),
trichostatin A (TSA), valpromide (VPM) and
dibenzazepine (DBZ) were purchased from Si-
gma (St. Louis, MO). Antibodies of p21 (Cat.
No.: sc-756), p63 (sc-8343), SSTR2 (sc-11609),
histone 4 (H4, sc-10810), HDAC4 (sc-11418),
acetylation of histone 4 (AcH4, sc-8660-R),
Notch1 (sc-23299), HES1 (sc-25392) and B-ac-
tin (sc-1616-HRP), were purchased from San-
ta Cruz Biotechnology (Santa Cruz, CA). The
plasmids expressing the intracellular domains
(active Notch fragments) of the four Notch
receptors (ICN1, ICN2, ICN3, and ICN4) were
gifts from Dr. Wu (University of Florida). The
cytotoxic conjugates camptothecin-somatosta-
tin conjugate (CPT-SST) and colchicine-soma-
tostatin conjugate (COL-SST) were synthesized
in our laboratories.

Cell culture and cell transfection

Human small cell lung cancer (SCLC) DMS53
cells were maintained in Way mouth’s medi-
um, supplemented with 10% fetal bovine se-
rum (FBS) and 1% penicilin/streptomycin, and
with incubation at 37°C in a 5% CO, atmo-
sphere. For cell transfection assay to evaluate
the effects of Notch signaling on SCLC cell
growth, 500 ul of cells (2x10° cells/ml) were
plated in each well of 24-well plates. Two pl of
Lipofectamine™ 2000 (Lipo-2000) and 0.8 ug
of plasmid DNA carrying Notch active fragment
ICN1, ICN2, ICN3 or ICN4, respectively, were
added separately into a vial with 50 pl Opti-
MEM transfection medium, and combined
together after a 5-10 minute incubation. The
DNA/Lipo2000 complexes were continuously
incubated for 20-30 minutes and then added
to each well. The transfected cells were con-
tinued a 3-day incubation for the cell prolifera-
tion assay as described below. The experi-
ments were done separately three times. The
data were statistically analyzed with nonpara-
metric t test.

Real-time PCR

This assay was run to evaluate the expression
of certain genes at mRNA levels. All primers
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and as described in the inst-
ructions of the protocol (San-
ta Cruz). Briefly, cells were har-
T vested, re-suspended in RIPA
- buffer with cocktail inhibitors,
homogenized with a 21-gauge
needle, mixed with the loading
buffer and heated for 7 min-
utes in the boiling water. Su-
pernatants were loaded to run
on a 8-16% Tris-glycine gel
after centrifugation at 12,000
x g for 10 minutes. Protein

0 200 400 O 200 400 0 200 400 0 200 400
ICN1 ICN2 ICN3

Figure 1. In vitro cell proliferation assays showed the suppressive effects of
Notch signaling activation on SCLC DMS53 cell growth. All the four Notch
active intracellular domains (ICN1, ICN2, ICN3, and ICN4) displayed their
suppression of SCLC cell proliferation in a dose-dependent manner (ICN: O,
200, 400 ng). *showed significant change with P value < 0.05.

were from previously published reports, includ-
ing SSTR2 primers (Forward (F): 5 GAG AAG
AAG GTC ACC CGA ATG G 3’; Reverse (R): 5’ TTG
TCCTGCTTACTG TCA CTC CGC 3’), p53 primers
(F: 5" CAG CAT CTT ATC CGA GTG GAA GG 3’; R:
5’ CAC AAA CAC GCA CCC AAAGC 3’), p21 prim-
ers (F: 5 TGA TGC GCT AAT GGC GGG CT 3’; R:
5" TGC TGG TCT GCC GCC GTT TT 3’), p63 prim-
ers (F: 5’ TCC TCA GGG AGC TGT TATCC 3’; R: &’
ACA TAC TGG GCA TGG CTG TT 3’), BCL-2 prim-
ers (F: 5 TGATTC CTG CCG CCCAGCTT 3’;R: &’
TGT AAC CGC AGT GGC GCC TT 3’), PCNA prim-
ers (F: 5 AGC ACG CAC CCTGCCACAAT 3 R: &
ACA GCC CAG CAG CAG CAT GA 3’), MMP2 prim-
ers (F: 5" AAC GAC CGCAACCGCATCGT 3} R: &
AAA GTG GGC AAC GCC CGT GT 3’) [14]. Real-
time PCR assays were performed on a Bio-Rad
iCycler (Hercules CA) using iScriptTM cDNA
Synthesis Kit and iQTM SYBR Green Supermix
(Bio-Rad) as described [14]. The cDNA synthe-
sis was run for one cycle of 25°C for 5 min,
42°C for 30 min, 85°C for 5 min and held at
4°C. PCR reactions were run on a Ro-
tor-Gene 3000 Real-Time PCR Thermal Cycler
(Corbett Research). b-actin was used as the
internal control and results were calculated by
applying 2-22€T methods. The experiments were
done separately three times. The data were
statistically analyzed with nonparametric t test.

Western blot analysis

This assay was performed for the expression
of certain genes of interest at protein levels
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was transferred to a nitrocel-
ICN4 lulose membrane and block-
ed with a 5% dried milk/TBST
solution, then washed and in-
cubated with primary antibody.
The membrane was washed
again and incubated with sec-
ond antibody (Santa Cruz). Me-
mbranes were developed ac-
cording to the ECL system protocol (Amersham
Biosciences, England). The experiments were
done separately three times.

Cell cycle analysis

For cell cycle analysis assay to evaluate ef-
fects of tested compounds on SCLC cell cycle
arrest, cells were plated on 6-well plates and
incubated overnight. The tested compounds
were added. Cells were incubated as required
and then harvested for the assay. The Coulter
DNA Prep reagents kit (Cat. No.: PN 6607055)
from Beckman Coulter (Fullerton, CA) was us-
ed. Analysis was done on a Beckman-Coulter
Epics FC500 analyzer using CXP software for
acquisition and the ModFit LT v3.1 (Verity Sof-
tware) for cell cycle modeling. Experiments
were separatedly repeated three times.

Cell proliferation assay

The cell proliferation assay (Promega, Madi-
son, WI) was performed as described previous-
ly (38). Briefly, 50 ul aliquots of medium with
different concentrations of compounds were
added to 96-well plates. All concentrations
were tested in triplicate. Fifty yl of the DMS53
cell stock (1x10° cells/ml) was dispensed into
each tested well and the plates were incubat-
ed at 37°C in a CO, incubator for 3 days.
Following the incubation period, 15 ul of the
dye solution was added to each well and the
plates were continuously incubated at 37°C for
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Figure 2. In vitro cell proliferation assays showed the suppressive effects of
four small molecules on SCLC DMS53 cell growth. The three HDAC inhibi-
tors (VPA, VPM and TSA) and Notch signaling inhibitor DBZ displayed their
suppressive effects in a dose-dependent manner, with TSA and VPM having

in different types of cancer
cells, with the HDAC inhibitors
inhibited cancer cell growth
while activating or inactivating
Notch signaling [9, 10]. Notch
signaling is aberrantly expre-
ssed in SCLC cells and plays
a critical role in SCLC progres-
sion. Herein, we further inve-
stigated the effects of Notch
signaling activation on SCLC
cell growth. Also, we evaluated
the effects of the HDAC inhibi-
tor VPA on SCLC cell growth
and Notch signaling.

Notch signaling activation sup-
pressed cell proliferation

Firstly, we evaluated the ef-
fects of Notch signaling in SC-

more potent efficacy and DBZ having less.
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Figure 3. Real-time PCR assays showed the effects
of the HDAC inhibitor VPA on the expression of cer-
tain genes at mRNA level. VPA induced a decrease
of BCL-2 (0.4-fold), PCNA (0.3-fold), MMP2 (0.4-fold)
and p53 (0.2-fold), an increase of p21 (7.4-fold) and
SSTR2 (7.4-fold) and insignificant change of p63
(1.4-fold).

4 hours, followed by the addition of 100 pl per
well of the solubilization solution. The plates
were incubated at 37°C until the contents in
each well became a uniform-colored solution.
The absorbance was measured and recorded
at 570 nm by a Victor Plate Reader (Perkin-
Elmer, Boston, MA).

Results

Our previous studies showed that Notch sig-
naling played a suppressive or oncogenic role
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LC DMS53 cells. Notch signal-

ing was activated in SCLC DM-
S53 cells via transfecting cells with the plas-
mids carrying Notch active fragments ICN1,
ICN2, ICN3 and ICN4, respectively. We found
that Notch activation could suppress SCLC cell
proliferation. As shown in Figure 1, the sup-
pressive effects of all ICN1, ICN2, ICN3 and
ICN4 were in a dose-dependent manner, with
the inhibitory rates being 9% (ICN1: 200 ng)
and 18% (ICN1: 400 ng), 17% (ICN2: 200 ng)
and 29% (ICN2: 400 ng), 13% (ICN3: 200 ng)
and 21% (ICN3: 400 ng), 9% (ICN4: 200 ng)
and 17% (ICN4: 400 ng), respectively (Figure
1). These results support that Notch signaling
possibly act as a tumor suppressor in SCLC
cells.

HDAC inhibitors suppressed cell proliferation
and activated Notch signaling

In our previous study, HDAC inhibitors were
identified to suppress tumor cell proliferation
and tumor growth in many cancers while they
modulated Notch signaling [10, 14]. There-
fore, we tested the effects of certain HDAC in-
hibitors VPA, TSA, VPM (the VPA analogue), and
Notch signaling inhibitor (DBZ) on cell growth
and Notch signaling. We found that all these
molecules displayed anti-proliferative abilities
in a dose-dependent manner. As shown in
Figure 2, VPA significantly induced cell prolifer-
ation suppression, with the suppressive rates
being 51.5% (VPA: 4 mM), 28.1% (2 mM), 9.3%

Am J Transl Res 2018;10(2):545-553
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Figure 4. Western blot assays showed the effects of small molecules on the
expression of certain genes in SCLC DMS53 cells. A: The two HDAC inhibi-
tors VPA and TSA reduced the expression of HDAC4, induced the acetylation
of histone H4 (AcH4), and increased the expression of Notch1, Notch target
genes HES1 and p21, with no obvious change of histone H4 and p63. VPM
(the VPA analogue) and the Notch inhibitor DBZ suppressed the expression
of HDAC4, but not to H4 and AcH4. VPM did not affect Notchd, HES1, p63
and p21 as well. DBZ induced a slight increase of p21 and a slight decrease
of HES1, but not to Notch1 and p63. B: The time course assay showed that
VPA induced an increase of AcH4. And VPA induced a transient increase
of HES1, with an increase in a short incubation (3, 6 and 18 h) and then a
decrease with incubation being extended (36 and 72 h).

Table 1. The effects of different agents on SCLC DMS53 cell cycle
progression

Phases )
Agents Debris Changes
G1 G2 S

Control 58.9+0.7 9.9+0.4 31.7+1.7 7.1+0.85

VPA 62.4+0.9 10.2+1.2 27.6+0.8 8.5%1.6 G1
VPM 64.1+1.4 11.2+0.9 24.3+1.1 7.610.9 G1
TSA 54.7+1.5 20.1+1.9 25.2+15 18.6+3.9 G2
DBZ 63.0+£1.6 9.7+1.8 27.3+1.9 8.1+1.2 G1

(L mM) and 7.6% (0.5 mM), respectively (Fi-
gure 2). Real-time PCR analysis also showed
that VPA-induced suppression of cell prolifera-
tion marker PCNA (0.3-fold), cell apoptotic
marker BCL-2 (0.4-fold) and MMP2 (0.4-fold)
(Figure 3). The other two HDAC inhibitors TSA
and VPM also displayed the suppressive effect
on cell growth. Particularly, TSA displayed a

much more potent suppres-
sion, with TSA-induced sup-
pression rates being 98%
(TSA: 2 mM), 97% (1 mM) and
71.7% (0.1 pM), respectively.
And compared to VPA, its ana-
logue VPM also showed a more
suppressive ability, with the
suppressive rates being 98.6%
(VPM: 4 mM), 74.6% (2 mM),
51.6% (1 mM) and 7.6% (0.5
mM), respectively. Meanwhile,
DBZ also inhibited SCLC cell
growth with the inhibitory rates
being 36.7% (DBZ: 40 mM),
15.9% (20 mM) and 6.2% (10
M), respectively (Figure 2).

We further investigated and
confirmed the effects of these
molecules on histone acetyla-
tion/deacetylation in SCLC
DMS53 cells. Western blot
analysis showed that the two
HDAC inhibitors VPA and TSA
reduced the expression of
HDAC4 and induced the acety-
lation of histone H4 (AcH4),
with no obvious change of his-
tone H4 (Figure 4A). Both
HDAC inhibitors were also
observed to obviously stimu-
late the expression of Notchi,
Notch target genes HES1 and
p21 (Figure 4A). The time
course assay showed that VPA
induced the increase of AcH4.
But VPA induced a transient
increase of HES1, with a quick
increase in a short incubation
(3, 6 and 18 h) and then a
decrease  with  incubation
being extended (36 and 72 h)
(Figure 4B). VPM (the VPA ana-
logue) and The Notch inhibitor
DBZ suppressed the expres-
sion of HDAC4, but not to H4
and AcH4. Moreover, VPM did
not affect Notchl, HES1 and

p21 as well. DBZ induced a slight increase of
p21 and a slight decrease of HES1, but not to
Notchl (Figure 4A).

VPA induced cell cycle arrest

We also evaluated the effects of these mole-
cules on the cell cycle progression. As seen on
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Figure 5. Cell cycle analysis showed the effects of VPA on cell cycle progression in SCLC DMS53 cells. VPA at 4
mM and with a 72-h incubation induced cell cycle arrest at phase G1 with the rate being 84.68% (B) compared to

71.08% of control (A).

Table 1, TSA at 1 mM and under an 18-hour
incubation was found to significantly induce cell
cycle arrest at phase G2 (20.1%) and cell death
(18.6%) compared to control (9.9% and 7.1%,
respectively). However, VPA (1 mM), VPM (0.5
mM) and DBZ (20 mM) slightly induced cell
cycle arrest at phase G1, with slight increase of
cell debris (Table 1).

The time course analysis further showed the
VPA at 4 mM and under different incubation
time (O, 3, 18, 72 hours) induced an increase
at phase G1 with time extension. VPA under
72-hour incubation induced a significant incr-
ease at phase G1 (84.7%) compared to control
(71.1%). We also observed an increase of cell
debris (13.4%) compared to control (5.3%),
(Figure 5). VPA also induced an increase of
the tumor repressor p21 at the mRNA level by
real-time PCR (Figure 3) and at the protein le-
vel by western blot analysis (data not shown),
but not p63 (Figure 3). VPA could induce cell
morphological change in many cancer cells,
but we did not observe its effects to SCLC
DMS53 cells and other lung cancer cells (data
not shown).

The application of VPA in combination with
SSTR2-targeting cytotoxins

Due to its effects on certain GPCR members

that are aberrantly expressed in many cancer
cells and have been used for receptor-target-
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ing therapeutics [15, 16], VPA was then used
in combination therapy with receptor-targeting
anticancer drugs. Thus, presently, VPA also
was evaluated for its effects on certain GPCR
members such as the SST, BN and PACAP
receptors (SSTR1-5, GRPR, BRS3, NMBR, PA-
C1, VPAC1 and VPAC2) in SCLC cells. We
observed a high expression of SSTR1, SSTR2,
SSTR3, BRS3, NMBR and VPAC1 in SCLC
DMS53 cells, with a trace of SSTR4, SSTR5,
GRPR, PAC1 and VPAC2 (data not shown). We
also treated DMS53 cells with VPA and found
VPA significantly increased the expression of
SSTR2 at the mRNA level by real-time PCR
(Figure 3) and at the protein level by Western
blot analysis (Figure 6).

The aberrant expression and VPA-induced
increase of SSTR2 in SCLC cells provide a
potential strategy to develop a novel anti-SCLC
targeted drug using VPA in combination with
SSTR2-targeting cytotoxins. We therefore eval-
uated the effects of the combination treat-
ments in DMS53 cells. Our in vitro prolifera-
tion assays identified that VPA, CPT-SST and
COL-SST suppressed cell proliferation in a do-
se-dependent manner. Moreover, VPA in com-
bination with these SSTR2-targeting cytoto-
xins (CPT-SST or COL-SST) could greatly en-
hance cell growth suppression compared to
each alone (Figure 6). The next in vivo antitu-
mor assays are under our schedule.

Am J Transl Res 2018;10(2):545-553
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Figure 6. VPA in combination treatments enhanced the proliferative sup-
pression of SSTR2-targeted cytotoxins CPT-SST and COL-SST in SCLC DMS53
cells. VPA enhanced the expression of SSTR2 (A), VPA in combination with
the cytotoxins CPT-SST (B) and COL-SST (C) displayed more potent suppres-

sive efficacy compared to each alone.

Discussion

Lung cancer is one of the aggressive human
cancers and a tough challenge for scientists
to develop targeted and efficacious drugs [1].
Notch signaling can behave as an oncogene in
some cancers such as leukemia, hepatoCellu-
lar cancer and a tumor suppressor in some
others such as neuroendoCrine tumor, cervi-
cal cancer [6, 14, 18]. Presently, we found that
the Notch signaling activation via overexpres-
sing each Notch active fragment (ICN1, ICN2,
ICN3 and ICN4) from all Notch receptors in-
duced suppression of SCLC cell growth. These
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COL-SST(uM)
+ VPA (2.5mM)

support that activated Notch
signaling executed a suppres-
sive role in SCLC DMS53 cells
and predict the possibility of
developing Notch signaling-tar-
geted anti-SCLC drugs. Certa-
in HDAC inhibitors were found
to modulate Notch signaling
and subsequently induce tu-
mor cell growth arrest [8, 10,
19, 20]. We found that VPA,
a HDAC inhibitor, suppressed
Notch signaling and induced
proliferation suppression in so-
me cancers such as liver can-
cer, leukemia and ovarian can-
cer, in which Notch signaling
plays an oncogenic role (data
not shown). In the present st-
udy, we found that the HDAC
inhibitors VPA and TSA induced
proliferation suppression and
activated Notch signaling in
the investigated SCLC DMS53
cancer cells.

Many HDAC inhibitors have
been demonstrated to medi-
ate Notch signaling and affect
the expression of the Notchl
downstream genes with a de-
crease of genes such as AS-
CL1, CgA and Cyclin D1 (BCL-1)

and an increase of genes such
as p21, p27 and caspase-3
[14, 19, 21, 22]. Presently, we
also observed that VPA in-
duced an increase of Notchi,
Notch target gene HES1 and
p21, and a decrease of BCL-2,
PCNA and MMP2. These gene changes were
observed in other cancer cells [10, 14]. Ho-
wever, we found that p53 is slightly decreas-
ed by VPA in DMS53 and other tested cancer
cells. Gene p21 is usually under p53 control
[23]. The change in VPA-mediated p21 (a Notch
target gene) showed that it might be p53-inde-
pendent in these VPA-treated cancer cells, or
p53 might be mutated. The change of p21
seems assoCiated with the change of Notch
signaling in these cancer cells. Notch signal-
ing increases concomitantly with an increase
of p21 in DMS-53 cells. Both ICN1 and VPA
were found to induce EMT in certain cancer

Am J Transl Res 2018;10(2):545-553
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cells such cervical cancer Hela cells, with that
the epithelial marker E-cadherin was repress-
ed and the mesenchymal markers N-cadherin,
fibronectin and MMP2 were increased [24, 25].
However, we did not observe ICN- and VPA-
induced morphological change in SCLC DMS53
cells and other lung cancer cells. However, we
indeed observed VPA-induced cell cycle arrest
at phase G1.

In our previous studies, Notchl activation co-
uld upregulate SST signaling in cervical cancer
Hela cells and carcinoid BON cells [8, 9], indi-
cating a correlation between Notch signaling
and SST signaling. We found that VPA could
activate SSTRs and certain other GPCRs in
SCLC cells. This implies a connection VPA-me-
diated Notch signaling and SSTR/GPCR signal-
ing, and a potential combination therapeutic
of VPA and SSTR-targeted cytotoxins. On the
other hand, traditional chemotherapy can lead
to severe toxic side effects in cancer patients
[17]. Thus, a targeted therapeutics is critically
important. SSTR2 was found highly expressed
in SCLC cells. This provides a new strategy to
specifically target these receptors and quick-
ly internalize chemical agents via conjugating
these cytotoxic agents with peptide/antibody-
based drug vehicles. For instance, short pep-
tide ligands or monoClonal antibodies for the-
se receptors were used as drug delivery vehi-
cles by coupling cytotoxic agents to them [26-
28]. The new cytotoxic conjugates have been
demonstrated to increase antitumor efficacy
and decrease toxic side effects [17, 26]. In our
previous study, some small molecules such
as VPA were found to modulate Notch signaling
and also upregulate the expression of certain
GPCRs such as SST receptors and bombesin
receptors in certain cancer cells [14]. Here, we
confirmed that the combination therapy of bo-
th VPA and the SSTR2-targeted cytotoxic con-
jugate (CPT-SST or COL-SST) had a much more
potent anti-proliferative efficacy than did each
alone. By taking advantage of VPA's direct
tumor-suppressive ability and SSTR2-activat-
ing ability, the combination therapy of VPA
and receptor-targeted cytotoxic conjugates co-
uld be possibly applied to improve anti-SCLC
efficacy and benefit SCLC patients.
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