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Abstract － Neural progenitor cells (NPCs) differentiate into astrocytes, neurons and oligodendrocytes, 
which is controlled by various factors in brain. Recent evidences suggest that small molecules modulating the 
proliferation and differentiation of NPCs may have therapeutic value as well as the potential use as chemical 
probes. Phylligenin is a lignan with anti-inflammatory activity that is isolated from the fruits of Forsythia 
koreana. We investigated effects of phylligenin on proliferation and differentiation of NPCs. Treatment of 
phylligenin decreased the number of proliferating NPCs in culture without effects on the differentiation and 
survival of neural cells such as neurons and astrocytes. To examine the mechanism of the decreased NPCs 
number, we performed cell cycle analysis. Proliferation of NPCs was decreased via G1-S transition block by 
phylligenin treatment, and it was mediated by the increase of p21 level. However, phylligenin did not induce 
apoptosis of NPCs as determined by TUNEL assay and PARP cleavage. We also found that viability of 
glioma cell lines such as C6 and U87MG glioma cells, but not that of primary neuron and astrocyte, was 
inhibited by phylligenin. These results suggest that phylligenin selectively inhibits proliferation of rapidly 
growing cells such as neural stem cells and glioma cells. Given that the possible role of brain tumor stem 
cells in the pathology of brain cancers, the inhibitory effects of phylligenin might be useful in the development 
of new therapeutic agents against brain cancers.
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INTRODUCTION

    Neural stem cell (NSC) is a type of adult stem cell found 
in CNS, which has multipotent and self-renewal property 
(Temple, 2001). Normal cells show symmetric division 
which divide into two daughter cells, but NSCs exhibit 
asymmetric division which divide into one neural stem cell 
and one daughter cell. The divided neural stem cell has un-
limited proliferative potential and differentiate as cell fate 
progeny (Gage, 2000). NSCs are generated in sub-
ventricular zone (SVZ) of lateral ventricle and subgranular 

zone (SGZ) of hippocampal dentate gyrus (Conover and 
Notti, 2008). In rodents, SVZ NSCs migrate to olfactory 
bulb along the rostal migratory stream. 
    In adult subventricular zone, three forms of NSC, name-
ly type B, C, and A have been suggested (Martino and 
Pluchino, 2006; Stiles and Rowitch, 2008). First, type B cell 
is called SVZ astrocyte, which has unlimited multi-potency 
for self renewal and proliferate in response to mitogen. 
Second, type C cell is called multipotent progenitor or 
transit amplifying cell, which are proliferative cells with only 
limited capacity for self-renewal that can differentiate into 
at least two different cell lineages. Type A cell is called line-
age-specific precursor or progenitor cells that are re-
stricted to one distinct lineage for example, neuron or 
astrocyte. Microglia originates not from stem cells but from 
monocytes. 
    Embryonic brain containing SVZ cells form a spherical 
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aggregate in culture, which is called neurosphere.  Neuro-
sphere cells can self-renew and can differentiate into three 
major cell types of CNS.  Therefore, neurosphere provides 
relatively homogenous population of neural stem/progeni-
tor cells (NSC/NPC) in high amount, which was also used 
in this study.  
    Chemical modulators of NSC or NPC are a subject of 
great interest due to its potential for cure of neurological 
diseases (Rishton, 2008). Chemical entities capable of 
promoting differentiation of NPCs or eliminating NPCs are 
intriguing molecules in CNS drug development. Appro-
aches directing the differentiation of NPCs to neurons can 
be applied for diseases caused by neuronal loss. Alzheim-
er’s or Parkinson’s disease can be examples requiring 
neurogenesis from NPCs. Chemical modulators inhibiting 
proliferation of NPCs can also be used to eliminate cells 
with stem-like properties such as brain tumor stem cells 
(Diamandis et al., 2009). As direct relationship between 
normal neural stem cells and brain tumor stem cells 
emerges, these chemical entities will have great value as 
chemical probes for brain cancer therapeutics. In 2007, 
Peter Dirks group reported small molecules inhibiting neu-
rosphere proliferation, through chemical genetic screening 
(Diamandis et al., 2007). The identified compounds from 
the screen also had inhibitory effect on the cells enriched 
with brain tumor stem cells. Searching and characterizing 
such chemical probes will lead to better understanding of 
NSC biology and ultimately brain disease therapeutics.
    Phylligenin is a lignan that is isolated from the fruits of 
Forsythia koreana and Oropheae eneandra Bl (Cavin et 
al., 1998; Lim et al., 2008). Phylligenin is reported to have 
anti-inflammatory activity by inhibiting prostaglandin E2 
and nitric oxide production (Lim et al., 2008). Phylligenin 
also exhibited antioxidative and radical scavenging proper-
ties as determined by carotene bleaching and DPPH radi-
cal scavenging (Cavin et al., 1998). 
    In this report, we investigated the effect of phylligenin on 
rapidly proliferating NPCs using primary culture of rats. 
Phylligenin inhibited proliferation of NPCs, and it was 
mediated by cell cycle regulation. Phylligenin also repre-
ssed the growth of glioma cell lines, indicating its potential 
therapeutic value in brain cancer.

MATERIALS AND METHODS

Cell cultures
    Neural progenitor cell culture was prepared from E16 
embryo Sprague Dawley (SD) rat as reported previously 
(Benoit et al., 2001; Conti et al., 2005). In brief, cortices 
was dissociated into single cells by pipetting several times 

and passed through 40 μm cell strainer (BD bioscience, 
Franklin Lakes, NJ). Dissociated single cells were incu-
bated with Dulbecco's modified Eagle's medium (DMEM)/ 
F12 (Invitrogen, Carlsbad, CA) supplemented with 20 
ng/ml EGF (Millipore, Billerica, MA) and 10 ng/ml bFGF 
(Invitrogen) in CO2 incubator. The cells grew into floating 
neurosphere and then dissociated into single cells with 
trypsin-EDTA (Invitrogen) and re-grew into neurosphere in 
EGF and FGF containing media. This procedure was re-
peated once again and neurosphere colonies were dis-
sociated again into single cells for further experiments. 
     Cells were differentiated by plating them onto poly-L-or-
nithine (Sigma, Saint Louis, MO)-coated plate with DMEM/ 
F12 media containing 2% penicillin/streptomycin without 
addition of any growth factors or serum. The cells were al-
lowed to differentiate for 10 days at 37oC in a humidified at-
mosphere CO2 incubator. Media was changed every third 
day. C6 glioma cells and U87MG cells were obtained from 
American Type Culture collection (Manassas, VA) and cul-
tured in DMEM/F12 supplemented with 10% FBS and 2% 
penicillin/streptomycin at 37oC in 5% CO2 incubator (Shin 
et al., 2002). 
    Primary neuron culture was prepared from E16 embryo 
SD rat according to previously published procedure (Shin 
et al., 2001). In brief, cortices was dissociated into single 
cells by incubating with trypsin and the cells were in-
cubated for 14 days with Neuro-basal medium (Invitrogen) 
supplemented with B27 in 5% CO2 incubator. Rat primary 
astrocytes were prepared from postnatal days 2 SD rat as 
previously described (Shin et al., 2002). Cortices was dis-
sociated into single cells by incubating with trypsin and the 
cells were incubated for 14 days with DMEM/F12 supple-
mented with 10% FBS in 5% CO2 incubator.

Western blot
    Western blot was performed according to previously 
published procedure (Shin et al., 2002). Separation of pro-
tein bands was performed using 8% SDS-polyacrylamide 
gel electrophoresis and proteins were electrically trans-
ferred onto nitrocellulose transfer membranes (Whatman, 
Hahnestraβe, Dassel, Germany). The membranes were 
blocked with polyvinyl alcohol diluted in water (1 μg/ml). 
Membranes were then incubated overnight with the anti-
body directed against Tuj-1 (1:5,000, Covance, Prinston, 
NJ), GFAP (1:2,000, Dako, Carpinteria, CA), Nestin (1: 
2000, Millipore), cyclin E (Santa Cruz, CA), or CDK2 
(Santa Cruz). The membranes were washed three times 
with PBS-Tween (0.2% Tween-20) for 10 min each, fol-
lowed by incubation with horseradish peroxidase-con-
jugated secondary antibody for 2 hours at room tem-
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perature. The membranes were developed with enhanced 
chemiluminescence solution (Amersham, Buckingham-
shire, UK) according to manufacturer's instructions. The 
signal intensity of blots was analyzed using ‘Image J’ 
(National Institutes of Health, Bethesda, MD) software.

Immunofluorescence microscopy
    NPCs or differentiated cells cultured on cover glass 
were fixed with 4% paraformaldehyde at 37oC for 15 min. 
The cells were treated with 0.3% Triton X-100 for 10 min at 
room temperature and blocked for 30 min with blocking 
buffer (1% BSA (Sigma), 5% FBS in PBS) at room tem-
perature. The cells were incubated overnight at 4oC with 
primary antibodies against Tuj-1, GFAP, nestin or an-
ti-BrdU (1:500, Abcam, Cambridge, UK). After washing 
three times with washing buffer (0.1% BSA, 0.5% FBS in 
PBS), secondary antibodies conjugated either TMRE 
(1:500, Molecular probes, Eugene, OR) or FITC (1:500, 
Molecular probes) were diluted in blocking buffer and in-
cubated for 2 hours at room temperature. After washing 
three times with washing buffer, the cover glass were 
mounted in Vectashield (Vector, Burlingame, CA) and vi-
sualized with a confocal microscope (Leica, Wetzlar, 
Germany). 

MTT assay
    The viability of cells were measured using MTT (3- 
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 
a tetrazole) assay. NPCs were incubated for 20 min with 
500 μg/ml MTT reagent (Sigma) in the dark. After in-
cubation, medium was removed and the formazan dye 
was extracted using 100% ethanol. The absorbance at 590 
nm was read using a microplate reader (Spectrafluor, 
Tecan, Switzerland). 

BrdU incorporation
    Proliferation of NPCs was determined using cell pro-
liferation ELISA, BrdU (colorimetric) kit (Roche, Mannheim, 
Germany) according to manufacturer’s instructions. After 
treated with phylligenin, NPCs were grown in 96-well plate 
and incubated for 24 hours with EGF, bFGF and 10 μM of 
BrdU labeling solution. BrdU labeling solution was re-
moved, and cells were fixed for 30 min at room tempera-
ture. Fixative was washed away and 100 μl of anti-BrdU 
solution was added for 90 min. After washing with PBS for 
three times, colors were developed using anti-BrdU-POD 
solution and incubated for 10-30 minutes at room temper-
ature. After the color development, the reaction was stop-
ped with 1N HCl (100 μl/well) and the absorbance was

read using microplate reader at 450 nm. In some cases, 
proliferation of NPCs was determined using BrdU immuno-
fluorescence. After phylligenin treatment, cells were in-
cubated for 24 hours with 10 μM of BrdU labeling solution. 
After removal of BrdU labeling solution, immunostaining 
against BrdU was performed as described above. 

Flow cytometry
    Cell cycle characteristic of NPCs was analyzed by 
FACS. NPCs were plated on 6 well plate and were in-
cubated with phylligenin for 48 hours in the presence of 
EGF and bFGF. Plated single cells were trypsinized and 
resuspended in PBS with 1% FBS. Samples were centri-
fuged at 3,000 rpm for 5 min and supernatant was re-
moved as completely as possible without disturbing the 
pellet. Resuspended cells were fixed with 70% ethanol in 
PBS and incubated overnight at 4oC. After centrifugation at 
3,000 rpm for 5 min, supernatant was removed and cells 
were incubated with 50 μg/ml propidium iodide (Sigma), 
100 μg/ml ribonuclease A (Sigma) in 500 μl PBS. Cells 
were kept at 37oC, protected from the light for 30-40 min 
prior to analysis. The incubated cells were analyzed with 
BD FACS Caliber (BD Biosciences).

Terminal deoxynucleotidyl transferase dUTP nick end 

labeling (TUNEL)
    The commercially available death detection kit 
(Invitrogen) was used to detect DNA fragmentation. Cultur-
ed NPCs on cover glass (Fisher Scientific, Pittsburgh, PA) 
were washed with PBS and fixed for 20 min in 4% paraf-
ormaldehyde solution at room temperature and blocked for 
30 min with blocking buffer (1% BSA, 5% FBS in PBS) at 
room temperature. The cells were incubated with the 
TUNEL reaction mixture (20% reaction buffer, 1.5% TdT 
enzyme, 16% BrdU in 50 μM dH2O) for 90 min at 37oC and 
washed 3 times with PBS. Samples were labeled with 
Alexa Flour 488 dye-conjugated anti-BrdU antibody for an 
additional 30 min. After washing and mounting with Vecta-
shield, samples were visualized with a confocal micro-
scope (Leica).

Statistical analysis
    Data are expressed as the mean ± standard error of 
mean (S.E.M.) and analyzed for statistical significance by 
using one way analysis of variance (ANOVA) followed by 
Newman-Keuls test as a post hoc test and a p-value＜ 
0.05 was considered significant.
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Fig. 1. (A) Chemical structure of phylligenin. Effect of 
phylligenin on NPCs. (B) NPCs were treated with 
phylligenin for 24 hours and incubated with BrdU 
labeling solution. Labeled cells were immunostained 
and visualized as described in Materials and Methods. 
BrdU positive cells were counted in immunostained 
cells at randomly selected fields. Data were mean ±
S.E.M of six independent experiments. (C) BrdU incor-
poration was measured by ELISA (n=3). Data were 
mean ± S.E.M. **p＜0.01 compared with controls. 

Fig. 2. Effect of phylligenin on NPCs differen-
tiation and cell viability. NPCs were treated 
with phylligenin for 24 hours and subject to 
differentiation for 5 days. Expression of spe-
cific markers for NPC (nestin), astrocytes 
(GFAP), and neuron (Tuj-1) in differentiated 
NPCs were examined using Western blot (A, 
B) and immunocytochemistry (C). Scale bar: 
100 μm. n=3. (D) Cell viability of NPCs, mature 
astrocyte or neuron was determined by MTT 
analysis 24 h after phylligenin treatment. Data 
were mean ± S.E.M. of six independent experi-
ments. *p＜0.05, **p＜0.01, ***p＜0.001.
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Fig. 3. Effect of phylligenin on cell cycle characteristics
of NPCs. NPC cells were treated with phylligenin for 
24 hours and stained with propidium iodide. Then cells 
were analyzed using FACS as described in Materials 
and Methods. Changes of NPC numbers by phylli-
genin in G0/G1 phase (A), S phase (B) and G2/M 
phases (C) were expressed as percent of control. (D) 
Western blot analyses of cell cycle regulators. Data 
were mean ± S.E.M. *p＜0.05 compared with controls. 
n=3.

RESULTS

Effect of phylligenin on the growth of NPCs  
    During the search of chemical modulators affecting 
proliferation of NPCs, phylligenin was found to inhibit NPC 
proliferation. Treatment of phylligenin, a lignan found in 
Forsythia koreana (Fig. 1A), resulted in the decrease of 
NPC proliferation as determined by BrdU incorporation. 
Incorporation of BrdU was measured by way of both 
counting BrdU positive cells (Fig. 1B) and BrdU ELISA 
(Fig. 1C) as described in Materials and Methods. 10 μM 
and 20 μM of phylligenin reduced BrdU incorporation 
concentration- dependently from 78% to 73% (Fig. 1C).  

Effect of phylligenin on the differentiation of NPCs
    NPCs were subjected to differentiation for five days fol-
lowing phylligenin pretreatment. Expression level of differ-
entiation marker proteins was measured using Western 
blot and immunostaining (Fig. 2). Nestin is a marker of 
stem cells, and the level was decreased by phylligenin 
treatment. Quantification of Western blot signal showed 
concentration-dependent and statistically-significant re-
duction of nestin level by 14% (Fig. 2B). Immunofluore-
scence staining also exhibited reduced number of cells ex-
pressing nestin (Fig. 2C). The results are consistent with 
the growth inhibition (Fig. 2B, C) of NPCs by phylligenin. 
    GFAP and Tuj-1 are markers for astrocytes and neu-
rons, respectively. The level of GFAP and Tuj-1 was not 
changed by phylligenin treatment as determined by 

Western blot and immunofluorescence (Fig. 2A, C). Consis-
tent with the decreased BrdU incorporation (Fig. 1B, C), 50 
μM phylligenin decreased NPCs proliferation as de-
termined by MTT analysis (Fig. 2D).  In contrast, when pri-
mary cultures of astrocytes and neurons were exposed to 
phylligenin up to 50 μM, the viability of cells was not 
changed significantly (Fig. 2D). These data indicate that 
phylligenin inhibits neither differentiation process nor the 
viability of fully differentiated brain cells. Only proliferation 
of NPCs was affected by phylligenin treatment.

Effect of phylligenin on the cell cycle and apoptosis
    To investigate the inhibitory mechanism on NPC pro-
liferation, we examined the effects of phylligenin on cell cy-
cle distribution. Plated single cell was incubated for 24 
hours with phylligenin and cell cycle profile was de-
termined by FACS analysis. In control NPCs, G0/G1 phase 
cells constitute 61% of total cells, and S phase cells were 
22% and M phase cells were 17%. Phylligenin treatment 
induced G1 phase arrest of NPCs. Cell population in S 
phase and G2/M phase was decreased by 23 ± 7% and 20 
± 5%, respectively (Fig. 3B, C). And slight increase of cells 
in G0/G1 phase was observed with phylligenin treatment 
(Fig. 3A). Expression of cyclin E, cyclin-dependent kinases 
(CDKs), and CDK inhibitor (CKI) p21 was examined by im-
munoblot analysis (Fig. 3D). Dose-dependent increment of 
p21 level was observed by phylligenin stimulation. Phylli-
genin, however, did not induce change of CDK2, CDK4, 
and cyclin E expression. These results suggest that phylli-
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Fig. 4. Effect of phylligenin on the apoptosis of NPCs.
NPCs were treated with phylligenin for 24 hours and 
apoptosis was measured using TUNEL assay (A, B). 
In (A), white arrows indicate cells undergone apop-
tosis. TUNEL positive cells were counted in immuno-
stained cells at randomly selected fields. Quantitative 
analysis of TUNEL positive cells was shown in (B). 
Data were mean ± S.E.M. of ten independent experi-
ments. Positive cells and negative cells were deter-
mined with fixed human lymphoma cell line. Scale 
bar: 100 μm. In (C), the level of full length of PARP 
was determined by Western blot. 

Fig. 5. Effect of phylligenin on the proliferation of glioma cell 
lines. Viability (cell growth) of C6 rat glioma cells (black circle) 
and U87MG human glioblastoma cells (white circle) was 
measured using MTT assay. Data were mean ± S.E.M. **p
＜0.01 compared with controls. n=5.

genin inhibit G1 phase progression through up-regulating 
CKI p21 (Sherr and Roberts, 1999).
    In contrast, phylligenin did not affect apoptosis of NPCs, 
as determined by TUNEL assay (Fig. 4A, B) and full-length 
PARP expression level (Fig. 4C). TUNEL positive cells 
were less than 10% of total cells in control group, and the 
number of positively stained cells was not changed by 
phylligenin treatment. Expression level of full-length PARP 

was examined and no change was observed (Fig. 4C). 
Thus, phylligenin does not seem to induce PARP cleav-
age, another marker for apoptosis. Taken together, phylli-
genin inhibits proliferation of NPCs not by apoptosis, but 
by cell cycle arrest.

Effect of phylligenin on the growth of glioma cell lines
    Finally, we investigate the effect of phylligenin on the vi-
ability of two glioma cell lines using MTT assay (Fig. 5). 
The proliferation of C6 rat glioma and U87MG human glio-
blastoma cell line was inhibited by phylligenin. The cell 
growth was decreased up to 46 ± 1% in C6 cells and 38 ± 
3% of control level in U87MG cells. These results implicate 
that phylligenin exhibits anti-tumor activity probably 
through repressing stem cell-like population in glioma cell 
lines (Singh et al., 2003).

DISCUSSION

    In this study, we examined the effects of phylligenin on 
the growth of NPCs. We found that the proliferation of NPC 
is inhibited by phylligenin without effects on the differ-
entiation of NPC as well as the viability of already differ-
entiated cell (Fig. 1 and 2). Given that no effect was ob-
served in mature astrocytes or neurons by phylligenin 
treatment, this study indicates phylligenin is selective only 
to rapidly proliferating cells.
    Although the proliferation of NPCs was decreased by 
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phylligenin, the total number of differentiated neuron and 
astrocytes remains same as compared with control sug-
gesting the differentiation of neural cells from NPCs was 
increased by phylligenin, thereby offset the effects of phyl-
ligenin on the decrease of total NPCs number. The se-
lective effects of phylligenin on NPCs proliferation without 
affecting the number of differentiated neural cells might be 
beneficial for the potential use of phylligenin for therapeutic 
purposes.
    Reduced proliferation can result from inhibited cell cycle 
progression or increased apoptosis. As shown in Fig. 3 
and Fig. 4, phylligenin inhibited NPC proliferation through 
cell cycle regulation without affecting apoptotic cell death 
of NPCs. This is consistent with the observation that phylli-
genin only affect rapidly proliferating cells. Phylligenin in-
duced G1 phase arrest by upregulating CKI p21 protein 
(Fig. 3). Induction of p21 inhibits activity of cyclinE/CDK2 
complexes, resulting in block of G1-S transition (Weinberg 
and Denning, 2002). It remains to be elucidated the mech-
anism how phylligenin increases p21 level in NPCs.
    Phylligenin is one of the lignans isolated from Forsythia 
koreana and Orophea enneandra BL, which is a small tree 
distributed throughout Korea as well as Java, Indonesia 
(Cavin et al., 1998). Eudesmin and epieudesmin were iso-
lated together with phylligenin in Orophea enneandra BL, 
and they have similar chemical structures with phylligenin. 
Phylligenin, eudesmin, and epieudesmin all share anti-
fungal activity against Cladosporium cucumerinum (Cavin 
et al., 1998). Thus, it will be interesting to investigate if eu-
desmin and epieudesmin have activity against NPC 
proliferation. Also it would be worthwhile to investigate 
whether further chemical modification of phylligenin im-
proves its efficacy.
    Brain tumor stem cells (BTSCs) are present as a small 
portion of brain cancer cell population and implicated in the 
maintenance of brain tumors (Vescovi et al., 2006). 
Increasing evidences suggest that property of BTSCs is 
similar to NPCs (Singh et al., 2004; Vescovi et al., 2006). 
Additionally, the risk of brain tumor was dependent on the 
size of SVZ where NPC were generated (Diamandis et al., 
2007; Diamandis et al., 2009). It is estimated that risk of 
brain cancer was increased depending on the number of 
NPCs which is augmented by either increased survival or 
proliferation of transplanted NPCs. Traditional therapeutics 
are not very effective to BTSCs, thus it is presumed that 
BTSCs are the cause of drug resistance and relapses for 
brain tumor treatment. Therefore, development of agents 
targeting BTSCs is intriguing approach for eradicating 
brain tumors. NPCs and BTSCs share similar stem-like 
properties given that BTSCs have multipotency and self- 

renewal ability. Chemical modulators effective in NPCs 
may exhibit similar effects to BTSCs. Diamandis et al. re-
ported that chemicals identified from screening for effects 
on neurosphere proliferation also inhibited proliferation of 
brain tumor cells enriched with cancer stem cells (Diaman-
dis et al., 2007). In this study, phylligenin exhibited growth- 
inhibitory effect to C6 glioma and U87MG glioblastoma 
cells lines. C6 and U87MG cells are reported to contain 
stem-like cell population (Qiang et al., 2009; Zhou et al., 
2009). These results implicate that phylligenin have a po-
tential to be developed for anti-cancer drugs presumably 
through BTSC inhibition.
    Screening effort to identify chemical entities regulating 
NPCs has been focused mainly on chemicals promoting 
neurogenesis. The first chemical modulator discovered as 
an inducer of neuronal differentiation from adult NPC origin 
was neuropathiazol (Warashina et al., 2006). Discovery of 
another small molecules inducing neurogenesis were fol-
lowed (Saxe et al., 2007; Kim et al., 2008; Schneider et al., 
2008). It is known that haloperidol induces neuron-specific 
differentiation in mouse model (Diamandis et al., 2009). In 
addition, bone morphogenic proteins (BMP) inhibit brain 
cancer by inducing differentiation of BTSCs (Piccirillo et 
al., 2006). Small molecules inhibiting proliferation, how-
ever, were not reported as much as the ones promoting 
neurogenesis. Only Diamandis et al. reported chemical 
probes repressing proliferation of neurospheres (Diaman-
dis et al., 2007), which might acts via neurotransmission 
pathways. To our knowledge, this study is the first pub-
lication reporting chemical inhibitor of NPC cell cycle 
progression. Neuromodulator or small molecule which reg-
ulates proliferation or differentiation of NPC might be use-
ful as a therapeutic agent against brain cancer and ad-
juvant during NPCs transplantation. With in depth mecha-
nistic studies focusing on the biological properties as a 
stem cell regulator, chemical probes like phylligenin will be 
very useful in brain cancer therapeutics as well as NPC 
biology. 
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