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Dopaminergic Neuroprotection and Reconstruction of Neural Network Tiara
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Parkinson’s disease (PD) is an age-related neurodegenerative disorder in whose brain massive loss of dopaminergic
neurons and formation of Lewy bodies occur in the substantia nigra (SN). L-Dihydroxyphenylamine (L-DOPA) sub-
stitution is still considered the gold standard of antiparkinsonian drug therapy. However, there has been little informa-
tion available on neuroprotective and regenerative therapies. Recently, we have found that pramipexole and talipexole
(D,/Ds-dopaminergic agonists) inhibit dopaminergic neurotoxin-induced production of reactive oxygen species and
apoptotic cell death. In addition, treatment with these drugs induces enhancement of anti-apoptotic Bcl-2 expression
and inhibition of a-synuclein aggregation. Interestingly, recent study suggests that pramipexole treatment delays the
progression of early PD symptom. On the other hand, we investigated the transplantation strategy for PD by assessing
whether double-transplants of mouse embryonic stem (ES) cell-derived neurons in the striatum (ST) and SN, or sub-
thalamic nucleus (STN), induce functional recovery in rat hemi-parkinsonian model. The study indicates that both the
involvement of ST as a place of transplantation and the number of ES cell-derived neurons are essential factors for
efficacy on PD animal model. Interestingly, an invertebrate planarian can regenerate complete organs, including a well-
organized central nervous system (brain), within about 7 days. The regeneration process of the planarian dopaminergic
neural network (tiara) may be divided into five steps: 1) anterior blastema formation, 2) brain rudiment formation, 3)
brain pattern formation, 4) the formation of dopaminergic tiara, and 5) functional recovery of dopaminergic motor
regulation, with several kinds of genes and molecular cascades acting at each step.

Key words——dopaminergic neuron; neuroprotection; neural regeneration; neural network reconstruction; planarian
brain; Parkinson’s disease
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Fig. 1. Schematic Illustration of Possible Neuroprotective
Mechanism of D,/D;-receptor Agonists
Bro, bromocriptine; Pra, pramipexole; Tal, talipexole; MPP*, 1-
methyl-4-phenylpyridinium ion.
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Fig. 2. Effects of Transplantation of ES Cell-derived Neurons in Hemiparkinsonian Rats

Methamphetamine-induced rotation in single- (A) or double- (B) transplanted hemiparkinsonian rats. Significances: *p<(0.05, **p<{0.01, ***p<0.001 vs. ve-
hicle graft. tp<{0.05, +1p< 0.01 vs. pre-transplantation. C-N; Representative sagital sections of hemiparkinsonian rat brains with the double-transplants of ES cell-
derived neurons (ES-N). Low magnification, bar represents 3 mm. High magnification of transplanted regions (boxes) in the striatum (ST), subthalamic nucleus

(STN) and substantia nigra (SN). Bar represents 40 um.
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Fig. 3. Hypothetical Models and Therapeutic Approaches of
Parkinson’s Disease

A, Parkinsonian progression. B, Effect of drug administration. C, Pos-
sible effects of regenerative therapy. Red line: the threshold of dopaminergic
activity in the striatum (about 10-20% ) . Green lines: slight recovery (a solid
line) and marked recovery (a dotted line) of striatal dopaminergic activity.
Blue line: motor function. When striatal dopaminergic activity gets over the
threshold by either slight or marked recovery, motor function becomes nor-
mal-like behavior.
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Fig. 4. Schematic Drawing of the Difference of Mammalian
Stem Cells and Planarian Stem Cells

Although many researchers succeeded in establishing the methods for
generation of dopaminergic neurons from ES cells or iPS cells, nobody suc-
ceeded in reconstructing the third-dimensional (3-D) dopaminergic neural
networks from these cells. In cantrast, planarians can regenerate 3-D neural
networks from pluripotent stem cells. Therefore, there are possibilities that
planarians provide unique insights to mammalian stem cell research.
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Fig. 6. Regeneration Process of Dopaminergic Tiara and
Axon after Decapitation

On the first day after decapitation, either DjTH-immunopositive neu-
rons and axonal projection were not detected in the future brain region and
the tail region, respectively. On the third day, DjTH-immunopositive neu-
rons began to be detected at future brain region. On the fifth day, the number
of DjTH-immunopositive neurons was increased and formed complicated
networks. Axonal projection from the head region began to be detected at
the tail region. On the seventh day, DjTH-immunopositive dopaminergic
tiara was completely reconstructed like a naive planarian. VNCs, ventral
nerve cords.
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AEMOHRT T ZRIICESRLZT 571U 71
BWT, BEIT RN RERICEK S E B RE i S
AT LML INTWEZZ EZEBIREZETH
5. BRIBNG, £Z7 7517 (Dugesia japoni-
ca) D RN VZHFERERTOI/O—-Z2T121F
FEoTWiRWYY, e~ 55 1) 7 (Schmidtea
mediterranea) D7 ) LAIRITMAEHR SN TH D EBER
F LNV TONNRBEAICED SN s, 9
5. FNIHRT 47 70BEE
TIFU T OEWEARINL, 250D 10~
20% & o et (AT IAR) ITkD

HOT, wikEh - A - 18T 4L B A SRR
L, E5iCfilsd) - bzl a2 2 &ickD,
WZEZDTXTOMBERET S, 7I5FHUTKD
FAMERIT S BRI T A ENTES. 49 £
T 1B (BRI, 0-24 Kff) TIiX, Y)
WiE OO BIHGE) ICsl&EkE, H3EE (AN
HEY) MR ENS. T DEEBSTIE noggin #id
BFNEET, FEAFIIINDBROFAERREIC
BT LA EEROFREL (¥ —TL—32)
ERIAINEEUTHAET S, 2 Bl (MEAR
R, 1-2 H) T, MREFMAaEhER 7 (FGF)
ZRIKEEBIRT (nou-darake) MFEI L =572
ML R I N D, 5 3 BebE (WY — > R,
2-3 H) TIE, SEIEBITIAL S 72 i i I VA e 3 gk
EREVRLUGENS, Aitge - 24 - &>
TENLARING — DM THON S, T ORI IS
T HEETMN wat 77 YU — KU Otx/otp BHE &
GF T, RMEWRIMEERIREIND. 54 B
(PR AR, 3-5 H) TIX, EHamgx
v N =7 ORBENEES. DD, RN,
GABA, 5-HT, ACh 73 & D MH#RZEWE O & plEE 5
MBEHLUIED, X5 netrin 77 3 —5HF%F
DZRR, ®wEZ7OT7Y kMl ES ST (-
CAM) 77 31 —=x, robo, slit 73 & #g O il 22
oM E ClEE T 5B THOAEINTS. £
7z, ZORMICHEERIETOLY Ry A h—2 X
IZBI59 % clathrin HFB L T 5. F 5 B (M
RE[EIEIY, 5-7 H) TIE, MMMRED T 7 ZHEREH
WIKNT (eyes3, SNAP25) D#BT 2. 75U 7
IR L TR OETHZ/RT D, SEIRYIE S HEL
BEICEIICEIET S, Zhe 7o) 7 OMELES
Ot 2 TH<EETEIL BFHESHMORETOLX
BT BN TE < EBETFHIERL TW5,
RN MR T« 7 7 OFEBEZFEICHZT 5
L, BHEREA 3 HE B4 BR) 1T RN MR
FR DS EUE B U, 4-6 H ] Tl ks k£ o
Bk R R EHEL, I SICEMRICRY b
J—rZFRL, =L T7HBEIZEREREEFEE
Dxy hT—2 BRI 5 (Fig. 6).24 22T
BRIV DL, SEEREAEICHE - Tl Z 2 IR pfE R
o7z RN MR OFA - MR Th . ¥
HEUWT 5 &, BINLRBEWHTO RN >4
REIRIITERICHET D, ZO%, RIS ke

=
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f kD BT, IERIMRR IR > TREAND B
N MR OMENEREINS (Fig. 6). —
F, WHAEMTIEI RN DRz REICBEL T
b, HRIIMEEANZIHETERN, Zo7otkR
BT 2RTFIEIVWEZHS M TIRARWD, FI5
U7 BAERICH IR I N RN NS,
BEF DIRAR D BE el £ TEA —AT D ORI H
O ET 2B SIS RZBIRE N,
ZOEIITTFU TR %%ﬁ%%@%%@bf

7THBEWS EHAMTIRET I RN kT 1
7 T &L, mW®Ebmﬁ%”ﬁm%?éE
TR, HatE <A UHEEMRMER Y &
T EERTES., ZOF ETOob2%E TR)N
SRR R, TR Y BT — U FREEE), TR
TERERED[EIE ] DK D ITEPEIITIRIT S 5 2 &I &K
0, RNXIHRET 17 TOHMEET D0 F AN
ZALBMRHTSH I ETE MIPSHilE/E EDLEE
PEER AL 2 A W2 R F A, RRICN—F 2V 2D
WieEAEEE2HIEL T BRHEN S Y 70 —F
TE5LMELTNS,

BEE AMROZRTICHD, HWIEEHRE
WEEBEWL THHR B D‘“CLE%ibtf‘ﬁi
Ji, THBERD Y - THBEI S ICHBRRER
FEEZTHEE USRI RFHIR - ROKZ
Jerk w B AR R F OBIfRE R, KEIEM L 72
Z7NA=) LBV ENNb S TREZMDT
BREN=RT—=V 2L T<N-RELES
B OEER - KEKE - FEFAEE TS < EH
BLUET. £/, T 21 AEESNT
WREOMEZZWTLSE, KIGTIRE - JHifEs
B0 £ UM eE i KFELFHR),
ILOBEMEE GEBAEM A A SRR TN
B - WEIERRSEE (RS RFLBER ICESHEHL
L ETET.
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