
Chemical genetics reveals a complex functional ground
state of neural stem cells
Phedias Diamandis1–4, Jan Wildenhain4, Ian D Clarke1,2, Adrian G Sacher1,2, Jeremy Graham1,2,
David S Bellows3, Erick K M Ling1,2,5, Ryan J Ward1,2,5, Leanne G Jamieson1,2,5, Mike Tyers3,4 &
Peter B Dirks1,2,5,6

The identification of self-renewing and multipotent neural stem
cells (NSCs) in the mammalian brain holds promise for the
treatment of neurological diseases and has yielded new insight
into brain cancer1–3. However, the complete repertoire of
signaling pathways that governs the proliferation and self-
renewal of NSCs, which we refer to as the ‘ground state’,
remains largely uncharacterized. Although the candidate gene
approach has uncovered vital pathways in NSC biology4–8, so
far only a few highly studied pathways have been investigated.
Based on the intimate relationship between NSC self-renewal
and neurosphere proliferation8, we undertook a chemical
genetic screen for inhibitors of neurosphere proliferation in
order to probe the operational circuitry of the NSC. The screen
recovered small molecules known to affect neurotransmission
pathways previously thought to operate primarily in the mature
central nervous system; these compounds also had potent
inhibitory effects on cultures enriched for brain cancer
stem cells. These results suggest that clinically approved
neuromodulators may remodel the mature central nervous
system and find application in the treatment of brain cancer.

To profile the signaling network of primary cultures of neural
precursor cells (NPCs), we screened 1,267 compounds in the library
of pharmacologically active compounds (LOPAC) for inhibitors of
neurosphere proliferation, as measured by incorporation of the vital
dye thiazolyl blue tetrazolium bromide (MTT) (Fig. 1a,b and Sup-
plementary Table 1 online). A Z¢ factor9 of 0.78 and a Pearson
correlation coefficient of 0.981 for replicate screens indicated that the
assay was reliable (Supplementary Methods online). 160 compounds
that significantly inhibited neurosphere proliferation (P o 0.01) were
clustered into groups of known pharmacologic action (Table 1 and
Supplementary Table 2 online). Known cytotoxic compounds that
target essential cellular processes predictably scored as hits in the
screen. Unexpectedly, however, many agents that modulate neuro-
transmission in the dopamine, serotonin, opioid, glutamate, vanilloid

and other pathways potently inhibited growth of NPCs. Many of these
agents are used in the clinical treatment of neurological disorders and
are traditionally thought to act on mature central nervous system
(CNS) cell populations. These compounds induced a variety of
neurosphere phenotypes, including changes in sphere number, sphere
size, and cell-cell or cell-surface adhesion properties, which suggests
that an elaborate balance of these signaling pathways dictates NPC
fate (Fig. 1c).

To verify hits from the primary screen, 43 representative candidates
were retested at the original screen concentration of 3 mM; of these, 40
(93%) showed significant activity (Po0.05) (Supplementary Table 3
online). Because other neural cell types express and signal through a
number of neurotransmitter receptors10, we assessed the selectivity
and potency of each agent for a normal mouse astrocyte cell line
versus NPCs. Dose-response curves were generated for 28 compounds
in both neurosphere and astrocyte cultures and used to determine the
effective concentration needed to decrease proliferation by 50% (EC50)
(Fig. 2a–f and Supplementary Table 3). A neurosphere selectivity
ratio, defined as EC50(astrocytes)/EC50(neurospheres), was determined for
each compound and compared with that of known nonspecific
inhibitors of proliferation (Fig. 2a–c). Compounds that had a neuro-
sphere selectivity ratio greater than that observed in these control
agents (45.08) were defined as NPC-specific agents (Fig. 2d–f and
Table 2); 12 of the compounds tested showed high selectivity for
NPCs. Notably, the serotonin agonist p-aminophenethyl-m-trifluoro-
methylphenyl pierazine (PAPP, 14) and the vanilloid receptor ligand
dihydrocapsaicin were respectively 702- and 192-fold more selective
for normal NPCs than for astrocyte cultures.

Neurospheres are comprised of a heterogeneous population of
NSCs and lineage-restricted progenitor cells. To determine whether
the inhibitors affected NSC self-renewal, as opposed to proliferation of
more committed precursor populations, we analyzed the higher order
colony-forming efficiency of treated neurosphere cultures. With the
exception of dihydrocapsaicin, representative compounds from the
main neurotransmission classes significantly reduced higher order
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