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Abstract. Previously, we reported that α-quaternary chiral 
lactam derivatives have broad spectrum anticancer activity. 
However, the underlying molecular mechanisms and its 
relevance are largely unknown. In the present study, we report 
progress on α-quaternary chiral lactam analogues that address 
this, focusing on the novel analogue YH-304 as a candidate 
to broadly target human cancer cells. The effect of YH-304 
on cell transformation was assessed by clonogenic assay in 
non-small cell lung cancer cells (NSCLCs) A549 and 226B. 
Proapoptotic activity of YH-304 was determined by TUNEL 
assay and cleaved PARP, cleaved caspase-9, and Bax as markers 
for apoptosis. The p53-dependency and therapeutic spectrum 
of YH-304 was assessed by western blot analysis, real-time 
PCR, and cell viability assays in cells expressing endogenous 
wild or mutant p53. The effect of YH-304 on angiogenesis 
in vivo was examined by bFGF-mediated angiogenesis assay 
in zebrafish. Finally, the effect of YH-304 on AKT and ERK 
activation (phosphorylation) as a putative mechanism under-
lying the effect of YH-304 on bFGF-mediated angiogenesis 
was assessed using western blotting. We found that YH-304 
significantly decreases the colony-forming activities of both 
A549 and 226B cells, inducing cellular apoptosis. Unlike  
nutlin-3 (p53 pathway activator), YH-304 did not affect the 
expression levels of p53 and its target gene such as p21 and 
thus showed p53-independent anticancer activity with broad 
spectrum. In addition, YH-304 inhibited bFGF-induced angio-
genesis in vivo through mediating AKT and ERK signaling 
pathway, which plays an important role in bFGF activation and 
angiogenesis. Taken together, our data indicate that YH-304 

may represent a novel therapeutic option for the treatment of 
cancer in a p53-independent manner.

Introduction

Cancer is a world-wide disease urgently requiring novel 
therapeutic agents having a new class of structure (1-3). An 
oxindole structure possessing a bicyclic aromatic hetero-
cycle with a benzene ring fused to γ-lactam is one of the 
structural classes (4). Diverse derivatives based on oxindole 
have been reported for development of new type anticancer 
candidates (5-8). Representative natural product possessing 
oxindole is spirotryprostatin A, which is well known for its 
anticancer activities through blockade of the G2/M progression 
in mouse mammary carcinoma cells (4,9). The other oxindole 
small molecule, sunitinib was developed as a multi-targeted 
receptor tyrosine kinase inhibitor and has been widely used 
in the treatment of renal cell carcinoma and imatinib-resistant 
gastrointestinal stromal tumors (10,11). In 2005, Ding et al (13) 
developed the MDM2 inhibitor from spiro-oxindole structure 
of spirotryprostatin A and the IC50 value of MDM2 inhibitor 
was 0.83 µM in LNCaP prostate cancer cells (12-14). In a 
previous study, we developed a series of oxindole derivatives 
having simplified α-quaternary chiral lactam and evaluated 
their anticancer efficacy (2,15). However, the mechanisms of 
action underlying its anticancer effects are largely unknown 
and need to be better understood to allow this therapy to be 
used for clinical trials. This prompted us to study further the 
anti-tumorigenic effects of YH-304, including its underlying 
molecular mechanisms.

The p53 tumor suppressor mediates growth arrest, senes-
cence, and apoptosis in response to a broad array of cellular 
damage and protects the organism against the propagation of 
cells with damaged DNA (16). In unstressed cells, MDM2 acts 
as an p53-antagonist by inducing ubiquitination of p53, which 
results in p53 degradation (17). Therefore, inhibition of the 
p53-MDM2 interaction using chemical or biological inhibitors 
becomes an attractive strategy for cancer therapy (18). Many 
MDM2 inhibitors have been developed and evaluated in a 
large panel of tumors, including lymphomas (19,20). Nutlin-3 
is one of the specific inhibitors of the MDM2-p53 interaction 
and leads to stabilization and activation of the p53 (21,22). 
However, recently, several studies reported the limitation 
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of the efficacy of nutlin-3 such as resistance formation (23). 
Therefore, there is an urgent need to develop novel MDM2 
inhibitors or p53 activators.

Zebrafish has become a widely used model in pre-clinical 
drug screening and the mechanistic studies of angiogenesis, 
since its embryo is small and optically transparent to visualize 
the whole vessels (24,25). Especially, the use of vascular specific 
transgene allows for the detection of individual growing cells 
or vessel formation (26). To date, many types of cancer models 
have been developed in zebrafish and providing excellent tools 
for anticancer drug discovery through candidate drug testing 
(27,28). In the present study, we used transgenic fluorescent 
zebrafish tg(fli1:EGFP) to evaluate the anti-angiogenic effi-
cacy of YH-304 in live zebrafish embryos. 

In the present study, we showed the anti-tumorigenic effect 
of YH-304 using in vitro clonogenic assay, TUNEL assay, 
and cell viability assay, as well as the effect on bFGF-induced 
in vivo angiogenesis. At the molecular level, we found that 
YH-304 increases the number of TUNEL-positive cells and 
the expression level of cleaved PARP, cleaved caspase-9 and 
Bax, resulting in apoptotic cell death. YH-304 did not alter the 
p53 or its target gene expression levels. In addition, YH-304 
potently inhibited angiogenesis of bFgF-mediated AKT and 
ERK phosphorylation. The anti-tumorigenic and anti-angio-
genic potential of YH-304 to induce apoptosis with broad 
spectrum and downregulate ERK/AKT activity suggests a 
putative use in anticancer therapy.

Materials and methods

Cell cultures. HeLa (human cervical carcinoma cell line), 
HCT-116 (human colon carcinoma cell line), A549, 226B 
(human non-small lung cancer cell lines), and MDA-MB-231 
(human breast cancer cell line) were purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, 
uSA) and maintained at 37˚C in a humidified 5% Co2 atmo-
sphere. HeLa, HCT-116 and MDA-MB-231 cells were cultured 
in Dulbecco's modified Eagle's medium and A549 and 226B 
cells were cultured in RPMI-1640 medium supplemented with 
10% fetal bovine serum (FBS) and 1% antibiotics (Invitrogen, 
Carlsbad, CA, USA).

Reagents. Recombinant bFGF was purchased from BD 
Biosciences (Franklin Lakes, NJ, USA), whereas the anti-
GAPDH, α-Tubulin, PARP and p53 antibodies were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA) 
and the anti-Akt, p-Akt, cleaved caspase-9, Bax, ERK and 
p-ERK antibodies used were purchased from Cell Signaling 
Technology (Boston, MA, USA). Nutlin-3 was purchased  
from Sigma-Aldrich (St. Louis, MO, USA). YH-304 [(S)- 
Methyl 1-benzhydryl-3-(4-methylbenzyl)-2-oxopiperidine-
3-carboxylate] was produced as previously described (2).

Clonogenic assay. In brief, A549 and 226B cells were seeded 
at 2x103 cells/well on a 6-well plate and allowed to attach 
overnight. The next day, medium was replaced with fresh 
medium containing different concentrations (0.5 and 2 µM) 
of YH-304 and incubated for 2 h. Following incubation, cells 
were harvested by trypsinization and counted. For clonogenic 
assay, 4 ml of cell suspension (50 cells/ml) was seeded in a 

6-well plate and were incubated at 37˚C for 14 days without 
any disturbance. Following incubation, the medium was 
removed and colonies were fixed and stained with 0.01% (w/v) 
crystal violet for 30 min. A colony consisting of at least 50 
cells was counted with ImageJ software (NIH, Bethesda, MD, 
USA). The experiment was carried out twice in triplicate.

Western blot analysis. Western blot analyses were performed 
as previously described using the antibodies mentioned above. 
The respective protein bands were detected by chemilumi-
nescence (FUSION SL4; Vilber Lourmat, Marne la Vallée, 
France).

Real-time PCR analysis. Total RNA was isolated from cells 
using TRIzol® reagent (Invitrogen) and transcribed using a 
PrimeScript First Strand cDNA Synthesis kit (Takara, Shiga, 
Japan) according to the manufacturers' protocols. Quantitative 
real-time PCR was performed in triplicate on Rotor-Gene® Q 
(Roche Diagnostics, Indianapolis, IN, USA) using LightCycler® 
SYBR-Green I Master (Roche Diagnostics), and data were 
analyzed on the basis of threshold cycle values of each sample 
and normalized with β-actin. The PCR primers used in this 
study are listed below and were purchased from Bioneer: 
forward p53 5'-GCCCAACAACACCAGCTCCT-3' and 
reverse p53 5'-GCCCAACAACACCAGCTCCT-3'; forward 
p21 5'-GGCCTCCTGACCCACAGCAG-3' and reverse p21 
5'-GGGCTCAACTCAACACCCACC-3'; forward β-actin 
5'-AGAGGGAAATCGTGC-3' and reverse β-actin 5'-GGC 
CGTCAGGCAGCTCATAG-3'.

Cell death assays by TUNEL staining. DNA strand breaks 
during apoptosis were detected by TUNEL of free 3'-OH ends 
of cleaved DNA. Following YH-304 treatment for 24 h, 226B 
cells were fixed in 4% (v/v) paraformaldehyde for 30 min 
on ice. Fixed cells were washed once in phosphate-buffered 
saline (PBS) and incubated for 60 min at 37˚C in 50 µl of 
TdT-containing solution (Roche Diagnostics, Mannheim, 
Germany). Following TUNEL staining, all samples were washed 
once in PBS and nuclei were stained using 4'-6-Diamidino-2-
phenylindole (DAPI; Invitrogen). Images were obtained with 
an Axiovert M200 microscope (Carl Zeiss AG, Oberkochen, 
Germany).

Cell viability assay. HCT-116, HeLa, A549 and MDA-MB-231 
cells were treated with different concentration of YH-304 as 
indicated. After 24 h, 20 µl of CellTiter 96® Aqueous One 
solution reagent (Promega, Madison, WI, USA) was added 
and then read at 490 nm. Dose-response curves were plotted 
to determine half-maximal inhibitory concentrations (IC50) for 
the compounds with SigmaPlot software.

Zebrafish angiogenesis assay. Fertilized zebrafish (Danio 
rerio) eggs of the transgenic strain expressing green fluorescent 
protein (gFP) under the flk-1 promoter (flk-1:GFP) were used 
for in vivo imaging of embryonic vascular development. At 
24 h post-fertilization (hpf), EGFP-expressing tg(fli1:EGFP) 
embryos were manually dechorionated and anesthetized with 
0.003% tricaine. Anesthetized embryos were then transferred 
onto a 4% agarose gel for microinjection. Approximately 5 nl 
of Matrigel containing either PBS or basic fibroblast growth 
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factor (bFGF, 25 ng/ml) was injected into the yolk sac of each 
embryo using microinjector (Narishige International, Inc., 
East Meadow, nY, uSA). non-filamentous borosilicate glass 
capillary needles were used for the microinjection (0.75 mm 
internal- and 1.0 mm external-diameter). Embryos were 
transferred into housing-keeping water immediately after 
injection and incubated with 0.003% 1-phenyl-2-thiourea 
(Sigma-Aldrich) at 28.5˚C to prevent pigmentation. YH-304 
treatment was carried out immediately after Matrigel injection 
and embryos were examined for angiogenesis using a fluores-
cent microscope (Carl Zeiss) 24 h later.

Statistical analysis. All values are expressed as means ± SE. 
Statistical significance was set at P<0.05; P<0.05; P<0.001.

Results

YH-304 inhibits proliferation and colony formation of A549 
and 226B NSCLC cells. To investigate the effect of YH-304 
on the cancer cell proliferation, A549 and 226B NSCLC cells 
were pretreated with or without YH-304 ranging from 0.625 
to 10 µM for 24 h and then measured by 3-[4,5-methylthiazol-
2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) assay. We 
found that YH-304 inhibited cancer cell proliferation in 
both A549 (Fig. 1A) and 226B (Fig. 1B) NSCLC cells in a 
dose-dependent manner. The anticancer effect of YH-304 
was subsequently confirmed by clonogenic assay in A549 and 
226B NSCLC cells. As observed above, we found that YH-304 
suppresses colony formation ability of both A549 (Fig. 1C) 

Figure 1. YH-304 inhibits proliferation and colony formation of A549 and 226B NSCLCs. (A and B) After incubation with YH-304 ranging from 0.625 to 
10 µM for 24 h, MTT was added and the absorbance was measured at 570 nm in an ELISA reader. (A) Effect of YH-304 on cellular proliferation in A549 
cells. (B) Effect of YH-304 on cellular proliferation in 226B cells. (C and D) Cells were pretreated with 0.5 or 2 µM of YH-304 and then were seeded (2,000 
cells/well) in triplicate onto 6-well plates and treated with 0.5 or 2 µM of YH-304. After 2 weeks, the colonies formed were stained using crystal violet and 
counted. (C) Colony formation by YH-304 in A549 cells. (D) Colony formation by YH-304 in 226B cells. Values are expressed relative to vehicle-treated cells, 
normalized to 100% ± standard deviation (SD), and were obtained from three independent experiments. *P<0.05, **P<0.01.

Figure 2. YH-304 induces apoptosis of A549 cells. (A) The TUNEL assay of 0.5 or 2 µM YH-304-treated A549 cells. Apoptotic cell death was evaluated by 
TUNEL staining (red, x40 objective lens) after 24-h treatment of YH-304. Representative images of three independent experiments show the effect of YH-304 
on TUNEL-positive programmed cell death. Scale bar is 10 µm. (B) Effect of YH-304 on PARP cleavage, cleaved caspase-9 and Bax in A549 cells. A549 cells 
were treated with YH-304 ranging from 0.5 to 2 µM for 24 h. Western blotting was performed to evaluate the cleaved PARP, intact PARP, cleaved caspase-9, 
Bax and α-tubulin expression levels. α-tubulin was used as an internal control.
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and 226B (Fig. 1D) NSCLC cells. This suggests that YH-304 
has potential for anticancer efficacy in nSCLC cells.

YH-304 induces apoptosis of A549 NSCLC cells. We next 
set out to determine whether YH-304 is involved in apoptosis 
using TUNEL assay. When A549 cells were treated with 0.5 
or 2.0 µM YH-304, TUNEL-positive cells were increased 
as measured by fluorescence microscopy at individual cell 
level (Fig. 2A). From these cell images, it is clear that the 
red fluorescence intensity of individual cells increased in 

a concentration-dependent manner indicating apoptosis by 
YH-304. Additionally, we evaluated whether YH-304 can 
induce apoptotic cell death using apoptotic markers such 
as cleaved poly(ADP-ribose) polymerase (PARP), cleaved 
caspase-9 and Bax. When A549 cells were treated with 0.5 or 
2.0 µM YH-304 for 24 h, the expression of intact PARP was 
decreased and that of cleaved PARP was detected as compared 
with control group (Fig. 2B). Also, cleaved caspase-9 and Bax 
were increased by YH-304 treatment in a dose-dependent 
manner (Fig. 2B). Together, these results suggest that YH-304 
may induce apoptosis of A549 cells.

YH-304 does not affect p53 expression levels in HCT-116 and 
MDA-MB-231 cells. We previously reported that YH-304 
is a simplified spiro-oxindole alkaloid which shares struc-
tural similarity with MDM2 inhibitor (an active anticancer 
agent) (2). Based on structural characteristics, we hypoth-
esized that YH-304 might show the anticancer activity 
through MDM2 inhibition, resulting in p53 stabilization. To 
investigate whether the cytotoxic effect of YH-304 is depen-
dent on MDM2-mediated p53 modulation, we determined 
whether YH-304 induces p53 expression through inhibition of 
MDM2. We treated either YH-304 or nutlin-3 (a well-known 
MDM2 inhibitor) in p53 wild-type cells (HCT-116) as well 
as p53 mutant cells (MDA-MB-231) and then evaluated the 
expression levels of p53 protein and p53-dependent mRNAs 
including p21. As expected, nutlin-3 induced both p53 protein 
expression level (Fig. 3A) and p21 mRNA levels (Fig. 3B) 
significantly in HCT-116 cells, but not in MDA-MB-231 cells 
(Fig. 3C and D). However, YH-304 did not alter the mRNA 
or protein expression levels of p53 in the HCT-116 (Fig. 3A 
and E) or MDA-MB-231 cells (Fig. 3C and F). Our prelimi-

Figure 3. YH-304 did not affect p53 expression levels in HCT-116 and MDA-MB-231 cells. Cells were treated with either 10 µM nutlin-3 (a well-known 
MDM2 antagonist) or 10 µM of YH-304 for 24 h. (A) Effect of p53 protein expression in HCT-116 (expressing wild-type p53) cells. (B) Effect of p21 mRNA 
expression in HCT-116 cells. (C) Effect of p53 protein expression in MDA-MB-231 (expressing mutant-type p53) cells. (D) Effect of p21 mRNA expression in 
MDA-MB-231 cells. (E) Effect of YH-304 on p53 mRNA expression in HCT-116 cells. (F) Effect of YH-304 on p53 mRNA expression in MDA-MB-231 cells. 
GAPDH and β-actin were used as internal controls. 

Figure 4. YH-304 shows broad spectrum anticancer activity via a p53-inde-
pendent manner. The p53-independent effectiveness of YH-304 against four 
different types of cancer cells. The average IC50 values of YH-304, 5-FU 
(5-fluorouracil), and nutlin-3 (a well-known MDM2 inhibitor) were ana-
lyzed against three cancer cell lines (HCT-116, HeLa and A549) expressing 
wild-type p53 and MDA-MB-231 expressing mutant-type p53. Cells were 
treated with YH-304 ranging from 0.039 to 10 µM for 24 h. Cells treated 
with DMSO (equivalent volume) were used as vehicle control. N.D., not 
determined.
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nary mechanistic studies of YH-304 suggested that it has 
anticancer activities via p53-independent pathway. Further 
investigations of mechanistic studies for anticancer activities 
are now in progress.

YH-304 shows broad spectrum anticancer activity in a 
MDM2-p53-independent manner. The efficacy of YH-304 
was investigated in four different cancer cell lines including 
HCT-116 (colon cancer), HeLa (cervix cancer), A549 (lung 
cancer), and MDA-MB-231 (breast cancer) cells and compared 
with a well-known chemotherapy agent, 5-FU and nutlin-3. 
Compared to 5-Fu, YH-304 showed potent efficacy in four 
different cancer cells lines, showing broad spectrum anticancer 
effect (Fig. 4). Especially, IC50 values of YH-304 were signifi-
cantly lower than 5-FU in HCT-116, A549 and MDA-MB-231 
cells (Fig. 4). nutlin-3, a specific MDM-2 inhibitor, exerted 
anticancer effect in p53 wild-type cancer cells having 
wild-type p53 but did not affect cell viability of MDA-MB-231 
cells possessing mutant p53. However, YH-304 also showed 
good efficacy in both p53 wild-type and p53-mutant cancer 
cells, suggesting that YH-304 might be a potent anticancer 
agent with broad-spectrum in a p53-independent fashion.

YH-304 inhibits in vivo bFGF-induced angiogenesis through 
suppression of AKT and ERK. To investigate the effect of 
YH-304 on angiogenesis in vivo, we performed matrigel plug 
assay with transgenic fluorescent zebrafish tg(fli1:EGFP) 
which expresses enhanced GFP in the entire vasculature under 
the control of the fli1 promoter to visualize vascular formation 
in live zebrafish embryos (26). In plugs with bFgF (200 ng/ml) 
appeared newly formed vessels (Fig. 5A). In contrast, there was 
less or no blood vessel formation in plugs with Matrigel alone 
or mixed with YH-304 (2 µM) (Fig. 5A).

To further assess how YH-304 blocks bFGF-mediated 
angiogenesis, we tested whether YH-304 can affect AKT 
and/or ERK activation, two proteins known to play an impor-
tant role in the bFGF signaling pathway. As shown in Fig. 5B, 
bFgF increased the phosphorylation of both AKT and ERK, 
whereas the addition of 0.5 or 2.0 µM YH-304 significantly 
reduced the phosphorylated AKT and phosphorylated ERK. 
Instead of bFgF, when treated with 10% FBS, YH-304 
showed similar inhibition of phosphorylation of both AKT 
and ERK (Fig. 5C). Therefore, these data suggest that YH-304 
suppresses bFGF-induced angiogenesis in vivo, at least partly 
through blocking AKT/ERK activation.

Discussion

Cancer is now one of the leading causes of mortality world-
wide, causing 7.6 million deaths in 2008 (3). Anticancer 
drugs are required with novel structural features to over-
come multidrug resistance and severe side-effects and 
to enhance the effectiveness of cancer treatment (29,30). 
Oxindole derivatives are specialized structures and exerted 
various biological activities, ranging from MDM2 antago-
nists (31,32), ion channel blockers (33) and anti-inflammatory 
agents (34,35) to various protein kinase inhibitors. A number 
of indole-based compounds inhibit various protein kinase 
families such as receptor tyrosine kinases (RTKs) and serine/
threonine-specific protein kinases (5,10,36,37). As a kinase 
inhibitor, oxindole sunitinib was used for the treatment of 
advanced renal carcinoma and gastrointestinal stromal 
tumors (10,11,36,37). We previously reported the potential use 
of oxindole derivatives having simplified α-quaternary chiral 
lactam as anticancer agents. Among them, YH-304 had the 
strongest cell cytotoxicity against several cancer cell lines. 

Figure 5. YH-304 inhibits bFgF-induced angiogenesis through inhibition of AKT and ERK. (A) Inhibitory effect of YH-304 in Matrigel plug assay in vivo. 
A total of 5 nl of matrigel containing either PBS or bFgF (25 ng/ml) was injected into the yolk sac of each embryo of zebrafish (Danio rerio) eggs expressing 
green fluorescent protein (gFP) under the flk-1 promoter (flk-1:GFP) using microinjector. YH-304 was treated immediately after Matrigel injection and 
embryos were examined for angiogenesis using a fluorescent microscope 24 h later. Scale bar is 100 µm. (B) Effect of YH-304 on AKT and ERK signaling 
mediated by recombinant bFgF. Western blots show p-AKT, total AKT, p-ERK and total ERK expression levels in A549 cells treated with YH-304 for 24 h. 
Results from a representative experiment (n=3) are shown. (C) Effect of YH-304 on AKT and ERK signaling mediated by 10% FBS. Western blots show 
p-AKT, total AKT, p-ERK and total ERK expression levels in A549 cells treated with YH-304 for 24 h.
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However, the mechanisms of action underlying its anticancer 
effects are largely unknown and need to be better understood 
to allow this therapy to be used for clinical applications. This 
prompted us to study further the anti-tumorigenic effects of 
YH-304, including its underlying molecular mechanisms. 
Therefore, the aim of the present study was to further clarify 
the anticancer mechanism of YH-304 itself, which may offer 
an opportunity to design effective safe drugs with minimal 
toxicity for the treatment of carcinoma.

The p53 tumor suppressor has been implicated as a 
mediator of programmed cell death (16). Loss of wild-type 
p53 activity is regarded as a major predictor of failure to 
respond to chemotherapy in various human cancers (17,19,38). 
Therefore, patients with mutated p53 tend to be less respon-
sive to common chemotherapeutics (39). Since p53 is the 
most frequently mutated in malignant cancers, therapies that 
do not depend on functional p53 are in general clinically 
preferable (39). Notably, although the structure of YH-304 is 
designed as a kind of oxindole derivatives similar to that of 
MDM2 inhibitor (a p53 activator), it did not alter the expres-
sion of p53 in p53 wild-type (HCT-116) or p53 mutant cells 
(MDA-MB-231), unlike nutlin-3 (MDM2 inhibitor) (Fig. 3A, 
C, E and F). Also, YH-304 showed similar or better efficacy 
in four different cancer cell lines compared to 5-FU (Fig. 
4), indicating a p53-independent broad spectrum. Based on 
p53-independency and broad spectrum, therefore, YH-304 
might be clinically preferable after further studies such as 
toxicity and clinical trials.

our findings also indicate that YH-304 interferes with 
AKT and ERK phosphorylation in response to angiogenic 
factors such as bFgF or serum. Since AKT and ERK activities 
are required for proliferation and tube formation of vascular 
endothelial cells, the AKT and ERK pathways are considered 
as one of the most promising targets for anti-angiogenic 
therapy (40,41). Taken together, it is reasonable to assume that 
YH-304-mediated inhibition of AKT and ERK phosphoryla-
tion may be responsible for the inhibitory effect of YH-304 
on angiogenesis as well as on clonogenic growth. Moreover, 
growing knowledge on cellular signaling networks in cancer 
opens up the opportunity to combine AKT and ERK inhibi-
tors with other pathway specific inhibitors. Since synergistic 
effects between such inhibitors are known to exist, further 
studies are warranted combining YH-304 with other targeted 
inhibitors.

Our current data provide experimental evidence for a novel 
anticancer activity of YH-304 through suppression of AKT 
and ERK phosphorylation and, thereby, their downstream 
signaling cascade. Further studies are required to delineate 
the exact role and mode of action of YH-304, i.e., whether and 
how blood vessels regress in YH-304-treated Matrigel plugs. 
The present study provides a proof-of-principle for the devel-
opment of YH-304 as an anti-angiogenic agent.
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