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Contact-Dependent Inhibition
of Cortical Neurite Growth

Mediated by Notch Signaling
Nenad Šestan,1 Spyros Artavanis-Tsakonas,2 Pasko Rakic1*

The exuberant growth of neurites during development becomes markedly re-
duced as cortical neurons mature. In vitro studies of neurons from mouse
cerebral cortex revealed that contact-mediated Notch signaling regulates the
capacity of neurons to extend and elaborate neurites. Up-regulation of Notch
activity was concomitant with an increase in the number of interneuronal
contacts and cessation of neurite growth. In neurons with low Notch activity,
which readily extend neurites, up-regulation of Notch activity either inhibited
extension or caused retraction of neurites. Conversely, in more mature neurons
that had ceased their growth after establishing numerous connections and
displayed high Notch activity, inhibition of Notch signaling promoted neurite
extension. Thus, the formation of neuronal contacts results in activation of
Notch receptors, leading to restriction of neuronal growth and a subsequent
arrest in maturity.

Cerebral cortical neurons grow by extending
neurites (that is, axons and dendrites) and form-
ing connections until they reach a mature size,

at which their capacity to grow and remodel
their connections becomes markedly reduced
(1). The molecular mechanisms that regulate
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the transition from growth to stability remain
obscure. Here, we provide evidence in vitro that
Notch signaling is involved in this transition by
regulating the capacity of cortical neurons to
extend and elaborate neurites.

Notch receptors and ligands are localized
to cortical neurites. The Notch pathway is an
evolutionarily conserved cell-cell signaling
mechanism involved in cell fate decisions
during different cellular and developmental
processes (2– 4 ), including neural develop-
ment (5). The first indication that Notch
signaling plays a role in postmitotic differ-
entiation of cortical neurons was that
Notch1 and Notch2 receptors, and their
ligands Delta1 and Jagged2 (4 ), were ex-
pressed throughout the cerebral cortex and
localized to neuronal bodies, neurites, and
synapses (6, 7 ).

Nuclear localization of the intracellular
domain of Notch in neurons. Because the
proteolytic cleavage and nuclear translocation
of the intracellular portion of Notch are
thought to be important for receptor signal-
ing (8, 9), we examined the subcellular
distribution of Notch intracellular domain
(ICD) epitopes in the developing and adult
mouse cerebral cortex (6). At embryonic day
16 (E16), Notch1 ICD, and to a lesser extent
Notch2 ICD, epitopes were distributed

throughout the entire cytoplasm (excluding
the nuclei) of proliferating cells in the ven-
tricular and subventricular zones, as well as
in migrating neurons in the intermediate zone
(Fig. 1, A to B9 and F to G9). In contrast, the
nuclei of early-generated neurons situated in
the middle and lower thirds of the cortical
plate showed staining for Notch1 and Notch2
ICD (Fig. 1, C and H). Newly arrived and less
mature neurons in the upper third of the
cortical plate, as well as neurons migrating
between the earlier generated and already
settled neurons, lacked appreciable amounts
of nuclear Notch (Fig. 1, C, C9, H, and H9).
However, because almost all cortical neurons
of the postnatal day 7 (P7) and adult mouse
exhibited nuclear staining for Notch1 and
Notch2 ICD (Fig. 1, D, E, I, and J), we
assumed that all cortical neurons eventually
acquired nuclear Notch. The lack of nuclear
staining with antibodies to extracellular
epitopes of Notch (10) is consistent with the
notion that the ICD is cleaved and translo-
cated to the nuclei of postmigratory neurons
during the period of dendritic growth and
increase in cell-cell contacts. In neuronal
cells lacking detectable nuclear Notch, nucle-
ar ICD-dependent signaling could still occur,
requiring very small amounts of ICD that are
undetectable by conventional immunohisto-
chemistry (9). Alternatively, nuclear translo-
cation of the ICD may not be necessary and
thus not strictly correlated with Notch signal-
ing (3, 11).

Notch activation and nuclear localization
depend on cell-cell contacts. To test whether
Notch is activated and translocated to the nu-
cleus as a result of receptor-ligand interactions

among neurons contacting each other, we cul-
tured dissociated cortical neurons from E15–16
mouse embryos and then performed assays for
the localization of Notch ICD epitopes and the
degree of endogenous Notch activity over time.
Two different plating densities were used—low
density (LD; 15 3 103 cells/cm2) and high
density (HD; 150 3 103 cells/cm2)—so as to
vary the number of cell-cell contacts (12). In
both LD and HD cultures, neurons expressing
Notch, Delta, and Jagged began to extend their
processes within a few hours of plating (10).
Endogenous Notch ICD immunoreactivity was
observed in cell bodies and along the entire
length of extending neurites, including growth
cones (6) (Fig. 2, A and B). By the second day
in vitro (2 DIV), neurons in HD cultures exhib-
ited moderate amounts of nuclear Notch, which
increased until 7 DIV, when strong immunore-
activity was detected in all neurons (Fig. 2, E
and F). In contrast, most neurons in LD cultures
did not have appreciable amounts of nuclear
Notch during the first week in vitro (Fig. 2, C
and D). Most neurons in the densely packed
E15–16 cortical plate exhibited nuclear staining
(Fig. 1, C and H), which suggests that culturing
at LD—where neurons generally do not contact
each other during the first few days—resulted
in a loss of the nuclear Notch. Only by 9 DIV
(Fig. 2, G and H) did neurons in LD cultures
exhibit moderate amounts of nuclear Notch,
when presynaptic boutons were also apparent
on neurons that stained for Notch (Fig. 1, G9
and H9). In contrast, in HD cultures, synapses
were present much earlier (10), indicating that
more contacts developed among neurons in HD
than in LD cultures during the first week in
vitro.
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Fig. 1. Subcellular distribution of Notch ICD epitopes imaged by confocal
microscopy. (A to C, F to H) Notch ICD immunostaining (green) of
neuronal progenitors shows a honeycomb-like pattern, whereas in the
neocortical plate it exhibits a mosaic-like pattern. (A* to C*, F* to H*)
Timed-pregnant mice (n 5 2) received three BrdU (blue) injections at 0,

10, and 16 hours (36) to identify proliferative cells and selectively label
newly generated neurons. Twenty-four hours later, embryos (n 5 4) were
fixed and immunostained. (D, E, I, and J) Notch ICD immunostaining in
layer 5 neurons of the P7 and adult somatosensory neocortex. Cell nuclei
were stained with propidium iodide (red). Scale bar, 50 mm.
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The activation of Notch receptors in neuro-
nal progenitors induces the C-promoter binding
factor 1 (CBF1)–dependent transactivation of
HES1 and HES5 genes (5). Because HES genes
are also expressed in cortical neurons (13), we
examined whether the formation of contacts
and the presence of nuclear Notch correlate
with the CBF1-dependent transactivation of
HES genes in neurons. First, we measured the
transactivation of a 4xwtCBF1-luciferase re-
porter construct (CBF1-luc) in the transiently

transfected neurons (14, 15) as an indicator of
endogenous Notch activity (16, 17). Relative to
the baseline we selected (the CBF1-luc activity
from LD cultures at 2 DIV), we found that
neurons from HD culture at 2 DIV had 25.5 6
0.7 times as much Notch activity (P 5 0.0008).
Furthermore, Notch activity in both LD and HD
cultures increased with time (Fig. 2I). For ex-
ample, relative to the baseline, at 9 DIV there
was 24.72 6 0.29 times as much Notch activity
in neurons from LD cultures (P 5 0.0001) and

183.27 6 20.69 times as much Notch activity in
neurons from HD cultures (P 5 0.003). Nota-
bly, the degree of Notch activity in neurons
from the 9 DIV LD cultures equaled that in
neurons from the 2 DIV HD cultures (P 5
0.41); this suggests that Notch activity did not
depend on time in vitro, but rather on the num-
ber of interneuronal contacts. Similarly, HES1
and HES5 transcripts were detected in HD cul-
tures by the reverse transcription polymerase
chain reaction (RT-PCR) (18) at 2 DIV, where-

Fig. 2. Effect of neuronal den-
sity on Notch activity and
neurite growth. (A to H) Con-
focal images of Notch1 and
Notch2 ICD immunostaining
(green) of TuJ11 neurons (red).
(G* and H*) Notch ICD1 den-
drites are dotted with synap-
tophysin-labeled (blue) pre-
synaptic boutons, which gen-
erally lack appreciable Notch
staining. (I) Time course of
normalized CBF1-luc transac-
tivation in LD and HD cul-
tures. (J) RT-PCR analysis of
HES expression (n 5 3 trials).
(K) Changes in total neurite
length per neuron over time.
For LD cultures, EGFP-trans-
fected and TuJ11 neurons
were not significantly differ-
ent (P . 0.08) and were thus
pooled together. Neurons in
HD cultures at 7 and 9 DIV
were not significantly differ-
ent (P 5 0.09); neurons at 11
DIV were smaller than neu-
rons at 9 DIV (P 5 0.03). At 9
DIV, neurons from LD and HD
cultures were not significantly
different (P 5 0.35). (L) Re-
construction of two represen-
tative pyramidal neurons.
Black, dendrites; red, axons.
Data in (I) and (K) are
means 6 SEM (n $ 3 trials).
Scale bars, 5 mm (A and B), 20
mm (C to H), 100 mm (L).

Fig. 3. Human Notch ICD is localized to nuclei and inhibits neurite growth. (A) Confocal images of
neurons transfected with human Notch constructs. Scale bar, 12 mm. (B) Total neurite length per
neuron in LD cultures at 7 DIV was longer than at 9 DIV (P 5 0.000003). Notch FL did not significantly

affect neurite growth (P . 0.61). Notch ICD inhibited neurite growth (P # 0.0001). (C) In HD cultures, 4 DIV neurons had greater total neurite length than
2 DIV neurons (P 5 0.003). Notch FL did not significantly affect neurite growth (P . 0.35). Notch ICD inhibited neurite growth (P # 0.01). (D) Total neurite
lengths per neuron in HD cultures at 7 and 9 DIV were not significantly different (P 5 0.09). Notch FL did not significantly affect the total neurite length
(P . 0.47). Notch1 ICD caused neurite retraction in 7 DIV neurons (P 5 0.0037). Notch2 ICD inhibited the neurite growth (P 5 0.017) but did not cause
significant retraction of neurites (P 5 0.19) in 7 DIV cultures. Data in (B) to (D) are shown as means 6 SEM (n $ 5 trials).
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as in LD cultures they were not detected until 9
DIV (Fig. 2J).

Contact-dependent inhibition of neurite
growth. Consistent with previous reports that
the rates of neurite extension and synaptogen-
esis depend on interneuronal contacts (19), neu-
rons in HD cultures extended their processes
more rapidly than in LD cultures (Fig. 2K) (14,
20). However, neurons in HD cultures also
stopped growing earlier and even partially re-
tracted their neurites after 9 DIV. Conversely,
neurons in LD cultures initially grew more
slowly, but still achieved the same total neurite
length as those in HD cultures by 9 DIV. More-
over, in contrast to HD cultures, neurons in LD
cultures continued to grow after 9 DIV. Neu-
rons in the LD cultures also had longer and
“smoother” neurites with few branches at 9
DIV, whereas neurons in HD cultures had
much shorter neurites and a “bushier” mor-
phology (Fig. 2L). Finally, Notch activity in
neurons from HD cultures was 7.42 6 0.83
times that in neurons from LD cultures at 9 DIV
(P 5 0.005) (Fig. 2I), indicating that the in-
crease in Notch activity was concomitant with
the restriction in the growth capacity of neurons
in the HD cultures.

Constitutively active Notch ICD inhibits
neurite growth. To test whether Notch signal-
ing plays a role in restricting neurite growth, we
induced Notch activity by transfecting neurons
(14) with plasmids encoding truncated forms of
human Notch1 and Notch2 containing the en-
tire ICD. After transfection, the Notch ICD
products were predominantly localized to the
nuclei, whereas products of the control con-
struct encoding the full-length (FL) Notch were
localized to the cytoplasm and neurites (Fig.
3A). Cotransfection with CBF1-luc revealed
strong transactivation with the ICD but not the
FL form of Notch (Fig. 5A), consistent with the
notion that the ICD acts as a constitutively
active receptor capable of interacting with en-
dogenous CBF1 and stimulating transcription
(16, 17).

The effect of Notch1 and Notch2 ICD on
neurite growth was first examined in LD cul-
tures at 7 DIV, when they exhibit maximum
growth and display little endogenous Notch
activity (Fig. 2, I and K). When total neurite
length per neuron was measured 48 hours after
transfection (20), Notch FL had not significant-
ly affected the neurite growth (Fig. 3B), where-
as Notch ICD had stopped it. To examine
whether the effect of Notch ICD correlated with
the degree of Notch activity or the age of the
neurons, we transfected neurons in the HD
cultures at 2 DIV. These neurons were 5 days
younger, in the phase of extensive neurite
growth, and displayed little Notch activity (Fig.
2, I and K). Similar to the growth arrest ob-
served in the LD culture neurons at 7 DIV (Fig.
3B), expression of Notch ICD in the HD culture
neurons at 2 DIV arrested the growth of neu-
rites (Fig. 3C). Finally, we increased the already

Fig. 4. Human Delta1 and
Jagged1 activate endoge-
nous Notch and inhibit neu-
rite growth. (A) Confocal im-
ages of Notch1 ICD nuclear
staining (green) in ligand-
treated TuJ11 neurons (red)
at 8 DIV. Similar results were
obtained for Notch2 ICD
(10). Scale bar, 10 mm (n 5
3). (B) Histogram showing
the mean values of relative
luciferase activity from three
transfections (one trial). (C)
RT-PCR analysis of HES ex-
pression (n 5 3 trials). (D)
Jagged2 was expressed by
the lacZ-expressing cells,
providing the most likely ex-
planation for the previously
observed Notch activation
(n 5 2 trials). (E) Total neu-
rite length per neuron at 3
DIV was longer than at 2 DIV
(P , 0.002). Neither condi-
tioned medium nor cocultur-
ing with lacZ-expressing cells significantly affected neurite growth (P . 0.14). Dl1 and J1 (P # 0.003)
cells inhibited the neurite growth but did not cause significant retraction (P . 0.055). J1EC-enriched
medium caused neurite retraction (P 5 0.011). (F) Total neurite length per neuron at 8 DIV was not
significantly longer than at 7 DIV (P 5 0.08). lacZ-expressing cells inhibited neurite growth (P 5 0.01),
probably because of endogenous ligand expression (D). Dl1 and J1 cells (P # 0.00003) and J1EC-enriched
medium (P 5 0.00003) caused retraction of neurites. Data in (E) and (F) are means 6 SEM (n 5 3 trials).

Fig. 5. Nmb, Nbl, and
Dx inhibit Notch activity
and promote neurite ex-
tension. (A) Notch ICD
transactivated CBF1-luc
(P , 0.004). Nmb par-
tially inhibited Notch1
ICD activity (P 5 0.01)
but did not significantly
inhibit Notch2 ICD ac-
tivity (P 5 0.93). Notch
ICD transactivation of
CBF1-luc was inhibited
by Nbl and Dx (P #
0.002). Nbl and Dx al-
so inhibited endogenous
Notch activity (P #
0.007). (B) Nmb partially
rescued the effect of
Notch1 ICD (P 5 0.01)
but did not significantly
change the effect of
Notch2 ICD (P 5 0.52)
on neurites. Notch1 and
Notch2 ICD effects were
rescued by Nbl (P 5
0.027 and P 5 0.002) and Dx (P , 0.00005 and P 5 0.02). (C) Total neurite length per neuron in HD
cultures did not significantly increase between 7 and 9 DIV (P 5 0.09). Nbl and Dx (P # 0.007), but not
Nmb (P 5 0.06), induced an increase in total neurite length per neuron. (D) Notch ICD decreased the
mean neurite length in LD cultures (P 5 0.0001), whereas Nmb (P 5 0.03), Nbl (P 5 0.001), and Dx (P
, 0.005) increased the mean neurite length in HD cultures. All data are means 6 SEM (n $ 3 trials).
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high Notch activity in the HD culture neurons at
7 DIV, which had established neurites and
ceased growing (Fig. 2, I and K), and found that
expression of Notch1 ICD, and to a lesser ex-
tent Notch2 ICD, caused a premature retraction
of neurites, normally observed only after 9 DIV
(Fig. 3D). Thus, low Notch activity did not
arrest the growth of neurites, whereas higher
amounts either prematurely inhibited neurite
growth or caused their retraction in a dose-
dependent manner, independent of the age of
neurons.

Notch ligand-dependent inhibition of
neurite growth. Next, we examined whether
the Notch receptors could be activated in a
ligand-dependent fashion and whether large
amounts of ligands in the LD cultures could
mimic the growth inhibition evident in the HD
cultures (Fig. 2K) or induced by Notch ICD
(Fig. 3B). Recent in vitro studies have shown
that exogenously applied ligands can activate
endogenous Notch receptors and mimic the ef-
fects of Notch ICD (21–24). Thus, neurons in a
LD culture were either cocultured with stably
transfected Delta1 (Dl1) and Jagged1 (J1)–
expressing cells or cultured in the presence of
conditioned medium enriched with a soluble
form of human Jagged1 (J1EC) (25). In con-

trol neurons, Notch ICD immunofluorescent
signals were predominantly localized peri-
nuclearly. In contrast, nuclear staining was
observed in neurons receiving ligand treat-
ment (Fig. 4A). Consistently, strong transac-
tivation of CBF1-luc (15) and the induction
of HES expression (18) were detected in
these neurons (Fig. 4, B and C).

Neurite growth was inhibited in LD cultures
at 2 DIV when cocultured with Dl1 and J1 cells
as well as when cultured in J1EC-enriched me-
dium (Fig. 4E) (20). However, at 7 DIV, the
same ligand treatment caused the retraction of
neurites (Fig. 4F) in a manner reminiscent of
the neurite retraction in the HD cultures. Thus,
exposure to large amounts of ligands mimics
the effects of HD cultures and Notch ICD ex-
pression on neurite growth, indicating that the
contact-dependent inhibition of neurite growth
can be mediated by Notch-ligand interactions
among neighboring cells.

Antagonizing Notch activity promotes
neurite extension. To corroborate the notion
that the growth-inhibiting effect on neurons in
HD culture at 9 DIV is due to activation of
endogenous Notch, we examined the effect of
antagonizing the Notch activity on neurite
growth. Intracellular modulators of Notch sig-
naling, Numb (Nmb), Numb-like (Nbl), and
Deltex (Dx) affect Notch signaling presumably
by binding the ICD and are expressed in the
developing brain (26–28). When cotransfected
with Notch ICD into neurons, nmb, nbl, and dx
inhibited Notch activity (Fig. 5A). Interestingly,
Nmb inhibited the Notch1 ICD but not the
Notch2 ICD transactivation of CBF1-luc. Con-
versely, Nbl and Dx abolished CBF1-luc trans-
activation by Notch1 and Notch2 ICD, reduc-
ing it to ;10% of the endogenous baseline
Notch activity. Similarly, Nmb partially res-
cued the retraction of neurites caused by
Notch1 ICD but did not significantly alter the
effect of Notch2 ICD. On the other hand, Nbl
and Dx completely rescued the retraction of
neurites caused by the transfection of either
Notch1 or Notch2 ICD (Fig. 5B). Next, to
determine whether expression of nmb, nbl, or
dx would reverse endogenous Notch-induced
inhibition of growth and thus reinitiate neurite
extension in neurons that had ceased growth,
we transfected the HD culture neurons at 7 DIV
with corresponding expression constructs (14).
We found that Nbl and Dx promoted neurite
growth, whereas Nmb did not significantly in-
crease the total neurite length (Fig. 5C). Nota-
bly, neither of the modulators prevented the
nuclear translocation of Notch ICD (7), sug-
gesting that the ICD is modified, directly or
indirectly, so that its signal is blocked in the
nucleus or locally within neurites, or both.
These results also indicate that Nmb may act as
a differential modulator of Notch receptors and
that the function of Dx, which can facilitate
Notch signaling (28), may depend on the cellu-
lar and developmental context (3, 29).

Finally, we determined whether the expres-
sion of Notch and its signaling modulators af-
fects the extension of existing neurites or the
outgrowth of new ones (20). In LD cultures
analyzed at 9 DIV, Notch ICD decreased the
mean neurite length (Fig. 5D), causing the
neurons to grow shorter and more branched
neurites, and making them appear more like
neurons in HD culture. Conversely, Nmb, Nbl,
and Dx increased the mean neurite length in the
HD culture neurons analyzed at 9 DIV (Fig.
5D), which indicates that they promoted the
extension of existing neurites, causing neurons
to grow longer and less branched neurites, and
making them appear more like neurons in LD
cultures (see Fig. 2L). These results are consis-
tent with the notion that contact-dependent
Notch activation by neighboring neurons medi-
ates the growth arrest of neurons in HD cultures
and that Notch regulates the morphological de-
velopment of neurons by affecting the exten-
sion of existing neurites.

Notch regulates postmitotic differentia-
tion and neuronal size. Our results show that
contact-dependent Notch-ligand interactions
among neighboring neurons mutually restrict
their neurite growth and affect their final size
(Fig. 6). Notably, neurite growth and the final
size of a dendritic field depend on local cell-cell
interactions and neuronal density (30). The ef-
fect of Notch on neurite growth depends criti-
cally on the degree of Notch activity. Low
Notch activity may even be permissive for
growth by directly or indirectly stabilizing the
structure of existing neurites, whereas high
Notch activity would be expected to inhibit
neurite growth. Furthermore, recent studies
have shown that the members of the Notch
signaling pathway affect neuronal differentia-
tion and neurite outgrowth (31).

Given that members of the Notch signal-
ing pathway are expressed in neurons of the
adult cerebral cortex, it is plausible that
Notch plays a role in maintaining the stability
of neurites and connections. It is also likely
that an alteration in Notch activity would
contribute to the distortion of neurites in neu-
rological diseases. For example, Alzheimer’s
disease is caused by mutations in presenilins
(32), which are required for Notch cleavage
and activity (33). Taken together, these re-
sults suggest that changes in Notch activity
contribute to differences in neuronal capacity
to grow and differentiate.
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All-Inorganic Field Effect
Transistors Fabricated by

Printing
Brent A. Ridley, Babak Nivi, Joseph M. Jacobson*

A solution of cadmium selenide nanocrystals was used to print inorganic thin-film
transistors with field effect mobilities up to 1 square centimeter per volt second.
This mobility is an order of magnitude larger than those reported for printed organic
transistors. A field effect was achieved by developing a synthesis that yielded
discretely sized nanocrystals less than 2 nanometers in size, which were free of
intimately bound organic capping groups. The resulting nanocrystal solution ex-
hibited low-temperature grain growth, which formed single crystal areas encom-
passing hundreds of nanocrystals. This process suggests a route to inexpensive,
all-printed, high-quality inorganic logic on plastic substrates.

According to Moore’s Law, the number of
transistors per microelectronic chip has dou-
bled every 18 months. However, the cost of a

chip per unit of area has remained relatively
static for more than two decades. Hence,
there is interest in developing printing tech-

niques for microelectronics fabrication that are
inexpensive, allow fabrication on plastic sub-
strates, and can cover large areas. The primary
focus to date has been on organic materials for
solution-based printing (1–3). Solution process-
able organic semiconductors such as poly(3-
hexylthiophene) have demonstrated field effect
mobilities of ;0.1 cm2 V21 s21 (3). Theoreti-
cal considerations (4) and experiments with
vacuum-deposited organic semiconductors
such as pentacene (5) indicate that the mobili-
ties in organic semiconductors may be funda-
mentally limited to values on par with that of
amorphous silicon: ;1 to 2 cm2 V21 s21.
Although solution-processed organic thin-film
transistors (TFTs) have been incorporated in

The Media Laboratory, Massachusetts Institute of
Technology, 20 Ames Street, Cambridge, MA 02139,
USA.

*To whom correspondence should be addressed. E-
mail: jacobson@media.mit.edu

R E S E A R C H A R T I C L E S

22 OCTOBER 1999 VOL 286 SCIENCE www.sciencemag.org746



                                                       Supplementary Material for Šestan et al., Science 286; 741-746, 1999 

 

 
Figure 1: Notch, Delta, and Jagged are expressed in cortical neurons of the adult mouse brain. Representative regions, the 
CA1 region of the hippocampus and layers 3 to 5 of the somatosensory neocortex, are shown. (A to D, I to L) Dark-field 
autoradiographs of sections hybridized with Notch1, Notch2, Delta1, and Jagged1-specific 33P-labeled antisense cRNAs 
(red) and counterstained with the DNA stain bisbenzimide (blue) (n = 5 brains). In situ hybridization was performed as 
described [M. J. Donoghue, R. M. Lewis, J. P. Merlie, J. R. Sanes, Mol. Cell. Neurosci. 8, 185 (1996)]. In the hippocampus, 
the hybridization signals were associated with the cell bodies of pyramidal neurons in the stratum pyramidale (sp), and for 
Notch1, Notch2, and Jagged1 also with the cell bodies of astrocytes in the stratum radiatum (sr). (E to H, M to P) 
Representative micrographs showing the immunohistochemical localization of Notch1, Notch2, Delta1, and Jagged1 (n = 4 
brains). Sections were processed in primary antibodies as described (6) and then incubated in biotinylated secondary 
antibodies (1:300; Jackson Immunoresearch) for 1.5 hours at room temperature, and developed using an ABC kit (Vector). 
Notch1 and Notch2 immunoreactivity are localized to the cell bodies and the proximal regions of apical and basal dendrites 
of pyramidal cells as well as interneurons and occasional axons. Delta1 and Jagged1 are also detected in neurons. The red 
arrowheads show immunolabeled glial cells. (Q to T) Micrographs show ultrastructural localization of Notch1, Notch2, 
Delta1, and Jagged1 immunoreactivity in proximal dendrites (d), dendritic spines (s), and synapses (asterisk, presynaptic 
terminal) of the somatosensory neocortex. The red arrowheads depict immunoelectron products in postsynaptic dendritic 
shafts and spines, whereas the red arrows depict immunolabeled glial processes ensheathing unlabeled presynaptic 
terminals and synapses. Note that the immunoelectron products are asymmetrically clustered; the opposing cellular 
elements contacting the immunoreactive cell parts are unlabeled. Scale bars, 70 µm (A to D, I to L), 50 µm (E to H, M to P), 
220 nm (Q and S), 190 nm (R and T). 
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Figure 2: Numb, Numb-like, and Deltex do not prevent nuclear translocation of human Notch1 ICD. HD cultures 
were cotransfected with corresponding expression constructs (12) at 7 DIV and analyzed at 9 DIV. 
Representative confocal images illustrate the nuclear localization of Notch1 ICD epitopes (red/yellow) in EGFP+ 
cells (green). Scale bar, 25 µm. 
 
 

 

Supplemental Table 1. RT-PCR amplification sets. Primers were designed to span introns to 
test for genomic DNA amplification. 

Gene Primer Sequence 

hairy and Enhancer-of-       
split1 HES1A 5´-CAGCCAGTGTCAACACGACAC-3´ 

 HES1E 5´-TCGTTCATGCACTCGCTGAG-3´ 

hairy and Enhancer-of-
split5 HES5C 5´-CGCATCAACAGCAGCATAGAG-3´ 

 HES5D 5´-TGGAAGTGGTAAAGCAGCTTC-3´ 

Glyceraldehyde 3-
phosphate dehydrogenase G3PDHA 5´-ACCACAGTCCATGCCATCAC-3´ 

 G3PDHB 5´-TCCACCACCCTGTTGCTGTA-3´ 

Delta-like1 D1A 5´-TACAGAAACACCAGCCTCCACCTGAAC-3´ 

 D1B 5´-TCTTGTATGTGGCTGACCATGAACCACAGG-
3´ 

Jagged1 J1A 5´-TGCTTGGTGACAGCCTTCTACTGG-3´ 

 J1B 5´-GCC AAGTTCGAGACCCGTGAAAGG-3´ 

Jagged2 J2A 5´-GAAGCGCAGGAAAGAACGTGAGAG-3´ 

 J2B 5´-TGTAGGAACCACGAAGACTGCC-3´ 
 
 


