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Behavioral Testing for Therapeutic Outcome Measure

Sung-Rae Cho, M.D., Eun Sook Park, M.D., Hyun-Ok Kim, M.

ments in an Animal Model of Huntington’s Disease

D., Dong Goo Kim, M.D.2 and Chang-il Park, M.D.

Department of Rehabilitation Medicine and Research Institute of Rehabilitation Medicine, Departments of ILabomtory Medicine and

ZPharmacology, Yonsei University College of Medicine

Objective: To investigate which outcome measurements are
useful for detecting functional changes after therapeutic
approach to delayed motor impairment in an animal model
of Huntington’s disease (HD).

Method: R6/2 transgenic mice received intraventricular
injections of adenoviral BDNF/noggin (AdB/N), AdBDNF,
AdNull (n=15 each) at 4 weeks of age. Untreated R6/2s and
wild-type mice were also recruited as controls. Motor
performance was measured using rotarod analysis and
locomotor activity test at regular intervals until preterminal
age of 13 weeks.

Results: On constant speed rotarod testing, AdB/N-treated
R6/2s exhibited a delayed disease progression after post-

operative 6 weeks. AdB/N also ameliorated general loco-
motor activity deficits. One min-rotarod analysis showed a
delayed motor impairment in AABDNF group at preterminal
age compared with AdNull and untreated controls, which
was not shown in 3 min and 5 min-rotarod. Accelerating
rotarod paradigm was not superior to constant speed. Partial
therapeutic effects on locomotor activities were detected in
total 60 min-monitoring, but not in 30 min- or 10 min-
monitoring.

Conclusion: Appropriate behavioral testing and outcome
measurements should be selected to detect the treatment
effect to slow functional deterioration in HD. (J Korean
Acad Rehab Med 2007; 31: 503-511)

Key Words: Huntington’s disease, Rotarod testing, Locomotor activity, Outcome measurement

M =

oft
rim

W& IT 15 (interesting transcript 15) % AF2] 2
ol CAG WH517] 4 % (repeat) ] Zhridt o=
(mutant huntlngtm) chulz S Wk sl Alod Al

FRAMeR, 53 7|49 F A=A (strlatum)./]
7\‘373 -,Q_i &4 Fo] FEH (chorea)d} 2 &
“E(coordination)®] <48 -
Aszlo|c}t v AAA o2 AAE 738 &
73 4= 7HAH, 53] A=Al He $2F
A Z(medium spiny neurons)-/] 5|3} of7| 3k} 2
o] Aztol gt X E & creatine,” cystamine,”
pyruvate,” lithium,' minocycline,'>"” histone deacetylase
inhibitor -01,"%'* Z}5 217 %k QAAE o] & FHA X

ofh 2 &

031 r_?ﬁ _l%.
19‘ ot

o

el

=
N
-

o
q

1:9.

e
Z%

N
¢

o2 X
X

A oo

O

ot ob fy > 2 N E
e o ox
rﬁoﬁ:ﬂg

e
[ rlo

coenzyme QIO,8

AT 20068 129 129, ANSAY: 2007 8 102
AR A ek A A AUET AEE 134

® 120-752, QA 5L ALHY Aozt
Tel: 02-2228-3710, Fax: 02-363-2795
E-mail: pes1234 @yumc.yonsei.ac.kr

£ e A ARA ZldAe ] peilE A 3

.

3 A8

503

&5 8 F7)AE o4 5o ojz] o] A
B BEAQ fynkE WY 3
AARolct HZ 25 750 & &

gl Bl (wild-type Huntingtin)o] thx]| 2| & AR AEZFE 7]
Al B2 ¥ fal A7 gk A} (brain-derived neurotro-
phic factor; BDNF)7} o] 25 &6 94 dgS slo] A=A
o] ABANEE ABESA st 7]50] Urke o] Eol HE
s A A7) I el EAo] e E Holl
BDNF2] ‘Foi7} aat3jel X gwlo] & Ao A
Zhehe}, 3k 7129 a4 A7 o & BDNF
3 noggin®] AW Foi7} dzA 141 FMA AHRAE
A (neurogenesis) S S E3t 0 Z, o] & B3l AZ AAH Al
BAIE} A" E e W] S AdAT = 5t 9l
oo of 2 9},

h=3

1_‘:_
AT

9}\

Z

_L\. f”°r‘

o

] zLL 3ol di3t EF3 S37E ol sle WH
2 A7 Al w2t 744 B B A8 st ofne g
7)Ee] 2, 53] B a3t disiAe EX=A
% AdE Hola glrk o9} 3Fo] A (preclinical) T

Holl A A2 Ade] X o] 94 AL

HECERER !

“

It

J—

o

Of

%] 5

F

o

N

F

E
=
Ao = A3

4857 ANAE N8 LHE

O



Heh7) A% ARG B S drEA) Fastolol det

ofof] & QoA e A=A F7HA] AZAE] =3}
8l &dlo] 22 P AYE W A A ZolellA
] A1) BDNF 3 noggin®] W@ o] Bt BDNF 15 5o
3 AR W 5715 e AdAE £AE
gelatar, hEH A +5715 HAY rotarod B 35 &F
= AAE ofg] e s Hrhste] A Frh & 4
HAE3, 47 Fu e 84S ddetan 3
o

) S A7 U

Y E W FAA3 F 2R A AHE FAAE] o
£ 1 2ol <F 14570115~ 15070)2] CAG HHE-d 71419
AFIA171 R6/2 EE(B6CBA-Tg (HDexonl)62Gpb/11)& A%
st} R6/2 A A3} | 2 ®(The Jackson Laboratory, Bar
Harbor, U.S.A.)9] %8 -8 134 o] 4] (ovarian transplant) HE
SAA AeA 4A T} B6CBAFY) 48 ulfslo] A+
= Al ol 52 T HIH o) #2l=ER, 12
A17F 244 8] =2 9A F7) slell A FAIE A

= DNAS] polymerase chain reaction
oek. Z, o1 §7191 A% 3% 7 4

S Akt & 55Tl A 24417k 59k proteinase K7+
=3rg &oollA DNA F52 Ale¥sgich PCR WHG-2
forward primer CCGCTCAGGTTCTGCTTTTA E reverse
primer GGCTGAGGAAGCTGAGGAGS} &7 94T 34,
35x(94°C 30%, 58°C 1&, 72°C 1), 72°C 2%, o] % 4°C9]
cycling 2750l A A= 91ek Rep2 WAL A o
1.2% agarous gelollA] A7]q5F A3 % 611 bp WIEE 53
215 9o},

3) 4E Mx R aE 43

s

vlo]2] A WE] & replication-incompetent 4E1, JE3 type
5 o}dXzr}o]e] A (adenovirus)E A28} 3L, cytomegalovirus
(CMV) promotor 2% 3}ol] BDNFZ- Hlo|#] 2 DNAe 4+
A1# Az adenoviral BDNF (AJBDNF)S A Z3}3]t}. &
sk 722 "o @ AdNogging AFstR o, dzdoz
BDNF 1= nogging ¥4 ¢k AdNullg A-8shltt.

RAE 45 X579 Re2 PAKS Fol AR T
53] AJBDNF 3 AdNoggin®] &3¢+ (AdB/N), AdBDNF %=+
AdNullg % 2] A (lateral ventricle)oll Uttt A4
34 FIEE BregmaS 7|55 S F AP —0.5 mm, ML +0.7 mm,
DV 2.0 mme|$} o™, 7 vfo]J A& 2.5x10" pfu/ml9] &
T2 o= w Aol 47 15 ¥ Fheek ¢ 5 8

dFs Al A, BAA s
FULA %2 ¥ N8| R62 AH

rim o

BE T $EAS F7 gel H8u 9,
A% 3704 4% Aole] S A7 Bt 24 FE A
Yol AF 4FRE 13 FACE AT 13FA
rotarod A48 Aetelov], 2% HACE $F BEE 4

7ol & 3 7}817] el rotarod treadmill (Cat. No. 7650, UGO
Basile, Comerio, Italy)g ©]83}lod, 12 pme 1A &7
(constant speed)™} 4 rpmollA] 40 rpm7FA| 2] 7} 2 (accele-
rating speed) W o2 SE7F Alft= B9t Ul =0l 7
Hrod)oll A oA = Al7he ZA48kect. vl H7) A] 3%}
g Alsto] o] 59 A 9 HF AFAS B A
pom, et F 7k A7 18 W 3o E 3HAsE A4
7+ A E vl A

+E LEE AAE 41341333 em 2719] FEE FA]
(Cat. No. 7420, UGO Basile, Comerio, Italy)& o]-&3}¢], 3}
F % 974 Alztell §F 3H7 (dark environment)ol| 4] o] 5 53
(locomotor activity) B 2] & (rearing) 7] 55 ¥ 602 59 =
At se Fx= 2o = widE Hejd W
HAZZ g 2ol o3l 24 FAlo] Avte] = 3l
7} AsH o' FARE Ut

w3k 7 At Zholl mIA A QD A7 A
AARE vehtEA vlasky] fjsl, m
Hg ] AA7E FFE = ug4AEA B9
HEAF Bl 214 (tremor), B2 Q1 v

K

al
ek, 3 R FY 44 BRI A 150 BAo
2 1% 5 Aol FHE FAEA ARE 23}
B, B4 FY e A

ha | 12

rotarod A4 13 B FY FAF ALHEAS =
Siek. 1 2ol 471 A Aeke B A
QoA of L% stelelelel.

5 S

Zt i 748 7154 %7t 72k, = BDNF ¥ noggin®
A Fo] & == BDNF ARAllol| 9t 5715 <3t
A 2748 EAs el SA) W& SPSS 11.5 for window
versiong AHg8tod ZF AL A 76l of ] H 7} Wbl uhE
72 7315 ANOVA test B posthoc Bonferroni comparison
= Aldslo] Azl on, BAIR F5FL p< 0052

B
=

0=

e

ok



Zddf 9 401 HEE ¥ S= 220N AESL

2 o
) AR Yus 53
A% 470l AE B934 544 FYL B3 BDNF

FolZ, BDNF &5 Fol, null FoiT3
BN FEE AMEA &2 vl A BT | T(F IH
15 vpeh ez FAE I w3 fAA E4e0l4 Re2 A
HE W A% Flz AdEA o5 B okE F(
1sukeh)E degoz AAsich 74 el 4

<A 27] AT BF 73 Zel7t glgitk(Table 1).

2 noggin ¥

+
N
T

2t
<]

2) 2t a2 HE HE

FE 17 ¥9 AF sFol W FolF U BDNF 95
ol ol BDNFol| |8 A2e) AE 7ol <13 44
ol Hlete] folsiAl dolslon], o5 A% 65 of
F9E e 24S ugeh BE APE T A
FE AF $FNEE A4 ol ulal] AR ol
AE BAAA ASH oz Haeke £AE Belrhp<
005). 48 W FALE FE 6F ¥ A 1075
mill FoI3 8 v] A EFE} Aol S £ wele

U A FoA 2 Sl
CH

BDNF 3! noggin ¥

E|
S

7

rar
I
0%

yz

1o

MZAsHA

o=

&l

t

fFod<tol| A clasping WHA=

3

1

d =i

Table 1. General Characteristics
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Zpol 7} gl th(Table 2). 221} H
A A T 7 ol de] A7l Al A
Z null FAFEET 1155)0ll vlgte] fofsiAl Ad= ek
(p<0.05). T4 T8 ZolAxE Wk Folde] FF 127
FE mull FoATFET 1035) 2 v ASFE T 10250
Hl el ol sbAl A= 3lekp <0.05). ¥ BDNF 1= Fof
T2 7] AR A H7tellA null FoI B v X 5ol
Hlgl] Ao ouigle AeolE Holx Fkict
(Table 2).
3k 47] AAHES A3k 517t BDNF
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TollAE 72 Aawate] fE o, 74 AP E W o
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4) 1A &3 rotarod ZA}

(1) 522t rotarod X[& A|ZHQ| WT} A5 450 APt
A7 2|73 & o] & mF A7) H 0.2 rotarod treadmill
A5 Algskaich Ao B F T rotarod A& A17Ee] 7}
/%, BDNF ¥ noggin 3 5172 BDNF 5 Fof -0l 4]
A% 657oll 1] X F7tol] Blslo] rotarod A| <& A 7ke] F-o]@}
Al 2 £Ads B eh(p<0.05), o] % A& A7ke] 7had]

o A% 9F7IAE 7 2koll SJu 9 Hol7k gigle. 1

of R6/2 Transgenic Mice and Wild-type Controls

R6/2 transgenic mice

Wild-type controls

AdB/N AdBDNF AdNull Untreated
Sample number 15 15 15 15 15
Gender M : F) 8 : 8:7 9:6 8:7 8:7
Body weight (gm) 16.8£1.8 17.0£2.8 17.0£2.0 16.7£2.1 17.7+2.8

Values (Body weight) are meantstandeard deviation.

AdB/N: Group treated with adenoviral brain-derived neurotrophic factor and noggin, AJBDNF: Group treated with adenoviral brain-derived
neurotrophic factor, AdNull: Group treated with adenovirus, not encoding any transgene

Table 2. Neurological Examination as a Function of Treatment in R6/2 Mice

Onset (week) AdB/N AdBDNF AdNull Untreated
Clasping 7.1£0.7 7.0%0.5 6.5£1.0 6.8+0.7
Overt behavioral symptoms 9.1+0.9 9.0+0.8 8.3£1.2 8.4£0.6
Abnormal static balance 13.3+1.6* 12.6+1.9 11.5+1.7 12.1+0.8
Abnormal dynamic balance 12.7+1.6* " 11.4+1.2 10.3£1.5 10.2+1.8

Values are meanz*standard deviation.

AdB/N: Group treated with adenoviral brain-derived neurotrophic factor and noggin, AJBDNF: Group treated with adenoviral brain-derived
neurotrophic factor, AdNull: Group treated with adenovirus, not encoding any transgene

*p<0.05; vs AdNull group, Tp<0‘05; vs untreated group
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2t A% 105 o] %7€ BDNF Bl noggin W3 FoIT
null 7o 9 Bl X Z7tol vl FAROE {3}
rotarod 235 715 Asle] A 7S Hol7] AlFslal
Ip<0.05), 53] T F 77U AF 11FFEE null 7
T 8 °] X85 3k ofygl, BDNF T Fofol] B 8| 4]
T FosAl 2 rotarod A& A7 B3 oh(p <0.05)(Fig
1A, B).

g A4 2T 24 EY rotarod HAF A AEH o7
Q] 5236002y FAste, Hd B HF AL A7
- AS 6FHE null FIT 8 ¥ X g0l vl F-ost
#po] & Hol7] AlAE I (p<0.05), BF 8~9FHE]= o]
E ¥ obYE}l BDNF ©H5 Fol 73}, A% 1155 W

2 o

g FoIFIE fo8t ZolE HAch(p<0.05)(Fig 1A, B).

(2) 327} rotarod X|Z A|ZtQ| T} Rotarod Z | 2|4
A|ZHE 3802 shAste] v 9l 3 rotarod A< A 7H
%37}t = ull, BDNF % noggin W e FofFellA A+ 10
ol null Foi B H] X E7¢ol| H|slo] rotarod A< A|ZF
o] foslAl & £AE BP2H(p<0.05), A% 125N
A4 A7h 8 11FE@ T ASE AHREE ol vl
gk oy}, BDNF w5 Folof ulsiAE foJ3iA 2
rotarod A& A|7H& H9Ith(p<0.05)(Fig. 1A, B).

A Atz o] A AT Ftell A A% 95
Bl 8] X8 ¥ null Foioll Blsl f-23t Xpo] & Hol7]
A1 AL 3L (p<0.05), S 115-5E]= BDNF Fol 73, A

A .
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_ * *1
2407 180 1wt 50 b
3 . 3 a8
L . £ 120 £ 40
T 1807 s ™S
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> 7] > >
£ 120 = £ —e— AdBIN
2 . = 60 s 20 —o— AdBDNF
- ] - - —a— AdNull
605 30 10 —o— Untreated
1 —x— Wild-type
0

4 5 6 7 8 9 10 1112 13
Age (week)

4 5 6 7 8 9 10 11 12 13
Age (week)

4 5 6 7 8 9 10 111213
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Fig. 1. AdB/N-treated R6/2s exhibited delayed disease progression after post-operative 6 weeks at various measurements of constant speed
rotarod testing. *p<0.05 vs AdNull group, Tp<0.05 vs untreated group, Tp<0.05 vs AdBDNF group, §p<0.05 vs AdB/N group.
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F BFEEEE B FATHE FATAQ Aol E B3t A% null Foi7 2 H] X570l B3l rotarod A< A 7ko]
(p<005)(Flg 1A). T3k 3 A& A 7ke] Hulol| A= A SATAH o Z foJslA & £ EAchp<0.05)(Fig. 1A).
FE] ¥ X &7, null FoI7 2 BDNF Fof ol vl3) ey A HzTS o 9 H T rotarod A& A1 7H
4*& Zpol & Hol7] A&l (p<0.05), ¥ 11FHE = H7t BollAl AF 1055 v X &7 9 null —‘?OHOH
BT il vgte] SASH o R 23t Xfo] & HYch vl o8k Xpo] & Hol7] A2l i (p<0.05), ¥ 135
(p<0.05)(Fig. 1B). Al A& A7 9 125F T A& AZhell BDNF gH5 F
(3) 122 rotarod X% AlZt2| "IE Ho) A& AZHe ool ulete] 903 2ol & K¢ 01}(p<0.05), BDNF
o 2Rk gAslo] v 9 A rotarod A& A7k H 7t noggin W3 FolTdte AE TV AF BFAALE 5

31915 uj, BDNF 2 noggin M@ FolFoll A A% 1050 Q] Zo] & Mol %YrhFig 1A, B).
null o33 3 B] X 870l H]a}o] rotarod A& A 7bo] &

5 7143 Rotarod ZA
JelA & &AL HYa(p<0.05), FE 9F 39 AF 13 5) 7153 Rotarod ZA}

FRE £ ol AT W ohyg), BDNF T Fof 5% 53 4 rpmellA] 40 rpm7hA| 8] THEH o7 Al eEgt

WS GelebAl 2 rotarod A% A Hlrkp<  rotarod A4 A}, Aol Y HF rotarod A4 A7+ E%olw

005)(Fig. 1A, 1B). 3k 55 9 327ke] Hrhehs el A A4 L3S Sohskek BDNF 3 noggin W Foi7} of

F 1350l Hv) A4 A17ke] 37k 4 BDNF 15 Folol 2 ARE oliol vls) Bt fold £ W
Maximun latency Mean latency

*t owt g oap *T *T AT xt

3003 5 +5 45 45 5 1548 5 T 3003wt :;‘ ot w1 *t *1:; ;g ot
3 3 *+§ +§ +§ t§ *§ +5
2401 2401
(o] - Q -
0] a (0] a
L . 2 .
S 1801 T 1807
e 3 e 3
> ] > .
§ 120 7 § 120 7
= ] = 1 —e— AdB/N
3 3 3 J o AdBDNF Fig. 2. AdB/N-treated R6/2 mice did not
60 7 607 —a— AdNull exhibit delayed disease progression at
3 4 —©— Untreated accelerating speed rotarod testing. *p<0.05
o+ 01 W|Id-type vs AdNull group, Tp<0.05 vs untreated
456 7 8 910111213 456 7 8 910 11213 group, 'p<0.05 vs AdBDNF group, 'p
Age (week) Age (week) <0.05 vs AdB/N group.
60 min monitoring 30 min monitoring 10 min monitoring
*t
* 1 *t =1 * =t *
7,000 *t LI 5 4,000 S T S 1,600 t +5 t§ t
. b F8O1S *t 4y 1§ £§ . ots #§
6,000 +5 3,500 +§ 1,400
5,000 g 3,000 "2
o 1 ® » 1,000
b= b £ 2,500 b=
3 4,000 A 3 3 800
o ] *t O 2000 o
] 6007 —e— AdB/N
3,000 ] 1,500 —o— AdBDNF
. 4003 s AdNul
2,000 7 1,000 200 —o— Untreated
E —x— Wild-type
1,000 ] T T T T T 1 500 T T T T T T 1 0 T T T T T T 1
3 5 7 9 M1 13 3 5 7 9 M1 13 3 5 7 9 M1 13
Age (week) Age (week) Age (week)

Fig. 3. AdB/N-treated R6/2s exhibited sustained horizonatal locomotor activities in total 60 min-monitoring, but not in 30 min- or 10
min-monitoring. *p<0.05 vs AdNull group, Tp<0.05 vs untreated group, Tp<0.05 vs AdBDNF group, §p<0.05 vs AdB/N group.
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60 min monitoring
SR
600 - AT L 350
- *1 t§ * T
] 8§ 300
500 A +§
. 250
400 1
£ 7 £ 200
3 300 7 3
o 7 © 150
200 7
] 100
100 50
01 01

Age (week)

Age (week)

*1
*T g 120 1
* 1 $§ a
§ .
100 7
80 ]
*3 ] —e— AdB/N
3 605 —o— AdBDNF
(&] 4 —a— AdNull
405 —o— Untreated
7 —*— Wild-type
20 ]
0- T T T T T Q_|
3 5 7 9 11 13

Age (week)

Fig. 4. AdB/N-treated R6/2s exhibited sustained vertical rearing activities in total 60 min-monitoring, but not in 30 min- or 10
min-monitoring. *p<0.05 vs AdNull group, Tp<0.05 vs untreated group, Tp<0.05 vs AdBDNF group, §p<0.05 vs AdB/N group.

o] FA Fck. ey A =T A% sFRE ASH
°Z R2 AHE JAA) F 2ol RE TR o
AsA 2 rotarod A< AZHe BYTHp <0.05)(Fig 2).

&5
=
=
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60% B AWT £F
Fol ol 54 S
2 Hel7] AAkstel, 4
1350l nul FolF 2 u] XS] ulete] Solelol 23

R B

AchFig 3). 4 B tl2TZ 602, 302 B 105 F<H]
EfollA A sERE AEHo BE dHE oY
ol vl AATA olF T dFE FAI T A
B9 thp<0.05)(Fig 3).

@ B J1s9 ok 2 WHeE F 60 B3 Al
3 $-% =% 72 A3} BDNF 9 noggin B3 Fof ol
A olF 58I} np7FA E AE 13500 null Foi gl H
X gtol| vlslo] SAGH o2 FoJslA A 759 7
7F AdE £74e Bk p<0.05), A5 307 2 102
Qko & dHAsle] Frkslls wl, EE Ro2 SHE 7] 2Y
A Zholl BAITH o2 ofu] 9l Xpol7h il chFig 4).

O:

& A d2TE ol 5 A R 604, 30
e 9H

gl 1082 F9ke] 7} BFollA ¥ sFHE
Aol vlsl dAsA A 7 55 S &
S 2 rHp<0.05)(Fig 4).
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A7 E7|AE 9 ATAZ(progenitor cell) 52 lo}7]
kb oy gl A 579 A7, F ¥4s £ (subven-
tricular zone) B #l|Wl(hippocampus)ol| 4 EAgtcta Z T B
53 Yrk? o] 5 AT AAEE £4E RS 3547
L AAMA SHo] ulekstAut BDNF, T3] A#AelA}
(epidermal growth factor; EGF), A-F-olAlE AAQl}2
(fibroblast growth factor-2; FGF-2) B Q&= AAelzl
(insulin-like growth factor-1; IGF-1)9} 742 Q1A of] 2]l A1
BAE YAl B S FEAAY A&E § Yk S
BDNFE ¥ AHE FoiA] = Asl 7919 Wl AH £7]
A Z2XE] ZFF(olfactory bulb)E AZAE 0] F(migra-
tion)7} S7Hd Wk okl A AL F-9171 ok 71A ¥
o] AzAloll= AZAZE f< (recruitment)o] F7H 5§
I:]‘.ZS
A AR ANAE 71 A7} EAfsta, 574 F-lellA]
UA Bt AZE AHRAE A o] doldrts AAL 3

=
F HIA A7 E7IAE AS A 2E Fll, I E4EE

Aol Erbgsicta 4 JW IXA F3 AA Ag
= AEY F e 7HeA S AR vk ey o
E AR AGE AHAEZEL 5T BDNFO| EA)] 3follA]
5 o AEA FaAY, AHZALE E3}belA "t
3 HaE 3 Yok upebA ol A7 E71AE 9 AT
AZEE ARBAEZ] AA =R ofd e} A7 A
29| Z3H5 AAlsloF & Heo] dFH At 71E9
TollA F FetAl kA (bone morphogenetic protein;
BMP)> AA| ol Al A AFAEe] 4173 A E3}(glio-
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