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Figure legends

Figure 1. Experimental design. Embryoid bodies (EBs) were made by culturing ES
cells with DMEM containing 10% FCS in non-coated bacterial petri dishes (Nunc).
Electrical stimulation was applied to cells in a 4-mm gap cuvette under several voltage
conditions (0OV, 5V, 10V, and 20V; see supplemental data). For cell culture
experiments, stimulated EBs were maintained in DMEM with 10% FCS (GIBCO) on
poly-D-Lysine-coated plates (BD). For animal experiments, Venus-positive EBs were
stimulated similarly (10 V, same 5-pulse train) and then dissociated with trypsin-EDTA

for 3 min. Dissociated cells were injected into C57BL/6 blastocysts.

Figure 2. Effect of electrical stimulation on ES cell differentiation in culture. (A-D)
Increasing, mild electrical stimulation disproportionately biases ES cell differentiation
toward a neuronal fate. Percentage of colonies containing cells that express the neuronal
marker TuJl (A), and those that express the muscle marker a-actinin (B). Black filled
circles, original ES cells; white open circles, ES cells cultured for 1 d to make embryoid

bodies (EBs) (before electrical stimulation); blue filled circles, ES cells cultured for 2 d
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to make EBs (before electrical stimulation); and red filled circles, ES cultured for 3 d to

make EBs (before electrical stimulation). Number of TuJ1-positive cells per colony (C)

and a-actinin-positive cells per colony (D), both as a function of stimulation intensity.

Daggers indicate p < 0.001 and asterisks indicate p < 0.05 compared to TuJl-positive

cells in zero-volt condition. Statistical differences between groups were assessed with -

the Student t-test. A p value of at least p <0.05 was considered significant. Numbers in

parentheses in (C) and (D) indicate the number of colonies containing Tul1-positive

cells. (E-G) Appearance of unstimulated control EBs. Although the majority of colonies

did not contain TuJ1-positive cells (E), a few TuJ1-positive cells were present (G). ()

Nuclear staining of EBs in (E) shows the density of cells. (H-L) Appearance of

stimulated EBs. Anti-TuJ1 immunostaining of EBs subjected to either 5 V (H), 10 V

(@), or 20 V (J) pulse stimulation. (K) Higher magnification of anti-TulJl

immunostained EBs stimulated with 10 V. (L) Anti-o-actinin immunostained EBs

stimulated with 10 V. (M) Nuclear staining demonstrates the existence of cells and lack

of anti-TuJ1 immunostaining of ES cells. (N) Neuronal differentiation of ES cells was
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not induced. Nuclear stain was propiodium iodide. Scale bars, 1 mm (E-G), 100 pm (H-

J, L). 500 um (K), and 200 um (M, N).

Figure 3. Electrical stimulation-induced calcium influx into cells. (A-C) Changes of
[Ca™]; in EBs (A, B) and in ES cells (C) following electrical stimulation. Ratio of
fluorescence excitation intensities at 340 nm to 380 nm is plotted as a function of time.
Filled arrowheads indicate time of electrical stimulation. Three typical patterns are
displayed for each plot. Inset in (A) shows a fluorescent image of fura-2-loaded EBs
excited at 380 nm. The culture medium contained either 2 mM Ca** (A, C) or 25 mM
EGTA (B). Cells were stimulated at 30 V (5 to 6 W) in this experiment. Due to the
different buffer composition for this experiment, a higher voltage was required to
produce comparable power (5-6 W) to that produced in the 10 to 15 V condition of the
experiments presented in Figure 1. This stimulus intensity (one associated with 5-6 W)
induces neuronal differentiation. (D) Mean number of neuronal cells counted per colony
in the presence 'and/or absence of the calcium chelator EGTA and stimulation with

electric pulses (EP). The number of neuronal cells decreased dramatically when Ca™
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was absent from the medium. The same stimulation condition that yielded TuJ1-positive
cells failed to yield neuronal cells when 25 mM EGTA was added to the medium. Open
bars show data for incubation without EGTA and closed bars with EGTA. Number of
colonies counted is indicated in parentheses. Again due to the difference in culture
conditions in this experiment, cell growth was largely disturbed in comparison with the
conditions used in the experiments of Figure 1. The absolute number of cells after
culturing was about one-tenth of the number of cells in the experiments presented in
Figure 1. Statistical differences between groups were assessed with the Student t-test.
Error bars are SEM. p = 0.00057 for comparison (*) between stimulated EBs with

EGTA present and stimulated EBs with EGTA absent.

Figure 4. Distribution of electrically stimulated ES cells implanted in mouse embryos.
An embryo at 11 dpc was sectioned to examine cell-type specificity of incorporated
fluorescent ES cells in the CNS. Incorporation of ES cells into brain (A-C) and spinal
cord (D-Q), shown in transverse sections. Green fluorescent puncta are anti-GFP-

positive cells expressing Venus (A, C, D, G, H, K), red are Tull-positive cells,
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indicating differentiated neurons (B, E, G, 1, J), and blue shows nuclear staining with
TO-PRO3 (Molecular Probes) (F, G, J, K). Small boxes in D-G show areas of high
magnification presented in H-K, respectively. (L-Q) High magnification images of a 13
dpc embryo showing that ES cells differentiated into a variety of neuron types,
including motor neurons, interneurons, or their precursors. Green signals represent GFP
and Red signals, Isletl (I.-N), Pax6 (0-Q). Scale bars, 500 um (A-C), 250 um (D-G),

50 pm (H-K). and 40 pm (L-Q).

Figure S. Longitudinal sections of injured, adult mouse spinal cords injected with
electrically stimulated or non-stimulated cells. (A-D) Hematoxylin-eosin staining.
Injured spinal cords 57 days after trauma was induced without injection of ES cells
(control) (A). (B-D) Untreated or treated ES cells were injected 7days after injury.
Histological analysis was done 50 days after injection with unstimulated ES cells (B),
with non-stimulated EBs (EB) (C). or stimulated EBs (electropulsed, EP) (D). Scale bar,

I mm. (D) Incorporation of electrically stimulated EBs into injured adult spinal cord.
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(Db) Cells derived from stimulated EBs (electropulsed; EP) are positive for GFP. (Dc)

ES cells from stimulated EBs differentiated into Hu-positive neuronal cells.

_ Figure 6. Stimulated EBs frequently adopted the appearance of neuronal cells when

injected into spinal cord. (A-D) Almost all the cells derived from stimulated EBs -

(electropulsed, EP) displayed Hu immunoreactivity but not Ki67 immunoreactivity,

whereas cells derived from unstimulated EBs (EB; E-H) or ES cells (ES; I-L) displayed

Ki67 immunoreactivity but not Hu immunoreactivity. (M) Graph showing the

percentage of cells that co-express both GFP and Hu. (N) Graph showing the percentage

of cells that co-express both GFP and Ki67. Percentages indicated were average of

percentages of Hu or Ki67 positive cell counts obtained by tallying the GFP-positive

cells observed in more than 10 different focal planes of each EP, EB and ES examined.

Green, blue and red signals indicate GFP, Hu and Ki67 immunoreactivity, respectively

(A-L). Scale bar, 50 um.

Downloaded from www . StemCells.com at Rikagaku Kenkyujo Library on February 13, 2007

272



Figure 7. Stimulated EBs adopted the appearance of various types of neuronal cells

when injected into spinal cord. (A-C) Almost all the cells derived from stimulated EBs

(electropulsed, EP) displayed MAP2 immunoreactivity, indicating that they had

differentiated into mature neurons. Some of the cells derived from EPs expressed

ChAT. a motor neuron marker (D-F), or parvalbumin, an inhibitory neuron marker (G-

I). Scale bar, 50 pm.
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Yamada et al. Figure 2
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Yamada et al. Figure 3
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Yamada et al. Fig.4
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Yamada et al. Fig.5
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Yamada et al. Fig.6
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Yamada et al. Fig.7
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