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Protective Effects of K6PC-5, A Sphingosine Kinase Activator, Against
1-methyl-4-phenylpyridinium-induced Dopaminergic Neuronal Cell Death
Sujeong Jang, Seung Sik Choi’, Song Hee Kim, Jong-Seong Park' and Han-Seong Jeong'*

Department of Physiology, Chonnam National University Medical School, 'Chonnam National University Research Institute
of Medical Sciences, Gwangju, ‘Department of Familial Medicine, Yeosu Chonnam Hospital, Yeosu, Korea

Sphingosine-1-phosphate (S1P), a bioactive sphingolipid metaolite, regulates multiple cellular responses
such as Ca®* signaling, cellular growth and survival, and differentiation. Sphingosine kinase (SphK) is a
key enzyme in modulating the levels of S1P and is emerging as an important regulating enzyme. Here
we have investigated whether K6PC-5, a newly synthesized SphK activator, plays a neuroprotective role
by activating cell survival systems such as protein kinase C, phosphatidylinositol-3-kinase (PI3K), and acting
on the anti-apoptotic and the pro-apoptotic genes in SN4741 dopaminergic cells. 1-methyl-4-phenylpyridinium
is a neurotoxin that selectively inhibits the mitochondrial functions of dopaminergic neurons in the substantia
nigra pars compacta. In the present study, we found that MPP" induced a decrease in SN4741 mouse
dopaminergic cell viability. KBPC-5 restored the reduced phospho-PKC and phospho-PI3K activities caused
by MPP" toxicity. In addition, gene expression analysis revealed that KBPC-5 prevented both the MPP -
induced expression of the pro-apoptotic gene mRNA, Bax, and the decrease of the anti-apoptotic gene mRNA,
bcl-w. These results suggest that the neuroprotective mechanism of K6PC-5 against MPP *-induced apoptotic
cell death includes stimulation of PKC and PI3K, and modulation of cell survival and death genes.

Keywords: K6PC-5 compound; Sphingosine kinase-1; 1-methyl-4-phenylpyridinium; Parkinson disease;
Dopaminergic agents
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Z A13E 31 Q= £3] catecholamine’] A73WHS XElZ]
o2 Hysl= AHog 4HA  6-hydroxydopamine (6-
OHDA)# 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

(MPTP)o] Eg] AR-HT) o] & MPTPE HEHEH S &
Fated A E (astrocyte) o] 4] MAO-Bof| ]3] 1-methyl-
4-phenylpyridinium (MPP")Z utjAl®l TRS transporter
moleculedl] &5l THIA AlAC 2 S0]7} mitochondrial
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tAMHEQ] ceramide, sphigosine, sphingosine-1-phosphate
(S1IP) = ABAES T2 24, AlE9 54 B 3L AlE
=3l AEEE FA 9 23 gl Fag 9
< Atha ¢EA Yo O F SIPe e Asdd B2
38 A¥XH F=7F 9 ¥2on sphingisine kinase
(SphK) 13} 29] 9]} sphingosine & 25 -E| =11 S1P
phosphatased]] ]3] sphingosine .2, SIP lyased] 23}
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1. SN4741 TojPld MAMZES Y Y MR

SN4741 AF =34 AAHEE high glucose DMEM
(HyClone, Logan, UT)¢| dxjg]2 E&A13}sl 10% fetal
A7}k poly-L-
lysine (Sigma, MO, USA) ZE % 100-mm dish (Sarstedst,
Sparks, NV) ol #jokatdct. 7S =H7] 9Jal 100 U/mle
F7kste] 5%
CO, 2814 kst K6PC-5o] Slat ABAE 1
TS sy sl MPPT Fofsy] 117t 79
K6PC-5% wlddlol] H7lsigiom MPP o 24A2F &
o AE AbE P AT APEEA mRNA 2 A5
chilo] w8 7a5¢th K6PC-5 (Neopharm, Daejeon,
Korea) = dimethyl sulfoxide (DMSQO, Sigma Chemical
Co)ell 100 mM9 T=& =1 F AYPsty] o
DMSOE o]&at] 24 s=& 3|Asta] A8t om bl
¥d g H#F DMSOY F&& 0.1%E A Z== 319
). SN4741 =504 AR ZA MPP" o] ok =43}
K6PC-5¢ &gk AAME BEAE-S Hst] flate] A
S )27, MPPT 1 mM ©=Ax)2, K6PC-5 0.1 «M
Az & MPPT 1 mM AHX#, K6PC-5 1 u#M Az &
MPP* 1 mM 3, K6PC5 5 #M A% 3 MPP* 1

bovine serum (HyClone, Logan, UT)<

penicillin®} 100 g/mle] streptomycins
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mM HAE, K6PC-5 5 M BEHAEoZ etk

3,[4,5-dimethylthiazol]-2-yl (MTT)E A|E W2 &43
Th2 mitochondria®] succinate dehydrogenaseol 2]}
formazan® 2 AZE 22 M| XY formazan SHAE= 2]
A& E mitochondria®] 543 AX AEAHTE
.

Al

t}. B Ao M 96-well plated] well F 1x10*7)]<]
2 233 oo wjgd 200 4AE Yol 37°CollA 244
ZFujFst & 2 mg/ml F=9] MTT §4(Sigma) & 50 /
F7EtT 3217 & 220 d9] 3EHE AASKL 150
9] DMSO (Sigma)ZE F7}3t th2 ELISA plate reader
(Molecular Devices, Sunnyvale, CA)ol|4] 570 nm optical
density® 273%0] vl223) Hl3I9c

3. Reverse transcription-polymerase chain reaction
(RT-PCR)

6-well plate (Nunc)ol] Zt well & 5x10*7)9] AZE 2
F3 o 0.1, 1, 5 uM9 FEZ K6PC-5E5 A7 59
A=) 3 & MPP' & 6A17F S0F A ]8}aL Trizol reagent
(Molecular Research Center Inc., Cincinnati, OH, USA)
E 1 ml¥ B33 RNAE #=t} 1 ug? total RNAS
M-MLYV reverse transcriptase (Gibco BRL, Grand Island,
NY, USA)$9} 410} 42°Col| ] 908 &< uHg-A17# cDNAZ
SHAslar o] S RT-PCRY template2 ©]-&3}ith RT-
PCRL& 25~35 cycles 59F Ex-Taq polymerase (Takara
Bio Inc., Shiga, Japan)& ©]&3}o] PCR 7]A|(Takara Bio
Inc.) oA siqiety. Z42ke] primere Tkt 2THgene,
forward, reverse, and cDNA product length). Bcl-2, TA
CCGTCGTGACTTCGCAGAG, GGCAGGCTGAGCA
GGGTCTT, 350 bp; Bcl-w, GTTTCCGCCGCACCTT
CTCT, CCCCGTCAGCACTGTCCTCA, 362 bp; Bcl-
xl, TGGTCGACTTTCTCTCCTAC, AGAGATCCAC
AAAGATGTCC, 557 bp; Bad; GGAAGACGCTAGT
GCTACAGA, CTCCTTTGCCCAAGTTTCGA, 434 bp;
Bax, GGAGACACCTGAGCTGACCTTGGA, TCTTC
TTCCAGATGGTGAGCGAGG, 452 bp; Caspase-6, G
GCAACCACGTTTACGCATAC, GGCGCTGAGAGA
CCTTTCTGT, 406 bp; p21, ATGTCCAATCCTGGT
GATGT, TGCAGCAGGGCAGAGGAAGT, 306 bp; G
APDH, ACCACAGTCCATGCCATCAC, TCCACCA

CCCTGTTGCTGTA, 452 bp. Z+Z+e] RT-PCR A=
29%¢] opbzs AelA 1 27lsh HARES FAGA

rlo

4. Western blot analysis

6-well plate (Nunc)ol ZF well & 5x10*7]2] A3
3k o2 0.1, 1, 5 uM9] T2 K6PC-55 A7 &
A 3 F MPP" & 3417} ¢k Ag)sla gl &
100 ul Y3 A& $Jo]l 108 A= & the 2339 o]43)
AEZ wojWo] FEol Zo} 13,200 rpm & 4°CollH 158
b A4 & vtk golglE A AEds Al F
Hol| 2o 5 ket ARgsiqicy A ©d 20 ugt
A& WS 93 100°Cellq 1587 9] vk, 8% SDS-
polyacrylamide separating gel3 5% SDS-stacking gel-2
T $ A e AR E 2dstal 120 Vellx 8023t 17]
9% 3l & transfer moduled]] ¥l 60 VoA 1A]7F <t
transferd}] membrane©] blotting 3t} Blotting 3+
membraneS 1% BX|87F 3+ 0.1% Tween20/PBS H
Sl W31 1412} 53t Ak ke ARl 1 R} 28
9 Mol olgste] PAS YA T ol W A
2o o R 2A FAE AFAIA oY W AHG

oo = M
2
_>1’I_',

Luminol reagent (Santa Cruz Biotechnology, Santa Cruz,
CA, USA)E o83ty HEd =& & 3tk

5. BT £

RNA9} wlde] W Hee= Z4zbe] Wl=e] optical
densityE densitometry (NIH Image analysis program,
version 1.61)& o] &3l AFslgom RE Ay P+

nEoAz wANI:
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1. MPP70l 23 MZ SHOIAN KePC-52| Zmily 41F

K6PC-59] w2 DMSOE ARS8t o2 v U] 3
TEER 0.1%2] DMSO9|| oJ3h Al o] BEE Wsts #
3}7] Y&l MTT assayS A3k A3 0.1% DMSO+= &+
o Hl3}e] 96.25+5.17%2] HEES B A7) DMSO
o o5k AE AEEY] W37t & AFolA AR TR
MPP "1} K6PC-5 59 38tao] 23t Al E QEg2] W3l

FOR 9T VIHA e AR e Bl PL
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R85 THFig. 1A). SN4741 A7 oA 24X Ed
K6PC-5Z 1 uM¥-E 25 uM7A] H2]gt & 24417t 3o]) A
¥o] AELS A3 Ax), K6PC-5% SN4741 =0hv14 2l
ANETY 228 Fx 9EAH 0T =o 25 uMe] K6PC-5%
25.2242.10% A% Eol= oz selw9th(Fig. 1B).
K6PC-52 0.1, 1, 5 uMe] 52 AXx 3 & 1 mM
MPP™ S 24417} B¢t Ajato] AlE Y28 Wsls w2
3 Ay}, 1 mM MPP' ©@= xg]o|A Jehd 58.10+2.1%
o] AEE] TE JTHoE FTket] 5 uM K6PC-5¢
A 289 wWe 73.35+1.02%9] AE AEES U
YAckFig. 1C). oo A@An K6PC-57} MPP o] <]
g SN4741 A9 AFALS F& EHOZ U=

e AT F A

2. MPP 0| 23t N DAL 2
K6PC-59| %2

FHR 90| [lxlE

MPP "ol o3t Tupulyd A7 AZ AbE 34 Fo] AE
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Fig. 1, MTT™" neurotoxicity and protection by K6PC-5 in SN4741

mouse dopaminergic neuronal cell line as measured by MTT
reduction assay (A, B, and C), (A) Compare to media treated cells,
treatment of cells with DMSO showed no significant decrease in the
cell viability, (B) The viability of SN4741 cells was increased with
increasing concentration of K6PC-5. (C) Protective effect of KBPC-5
against dopaminergic neuronal cell death in SN4741 cells, SN4741
cells were pretreated with varying concentrations of K6PC-5 (0.1, 1,
5 uM) for 1 hr, followed by incubation with 1 mM MPP+ for 24 hr,
The viability was markedly reduced by a 24 hr treatment with 1 mM
MPP™ whereas 1 hr pretreatment with K6PC-5 (0.1, 1, 5 uM)
conferred significant protection against MPP "-induced neurotoxicity.
These data represent the mean+SE (standard error) of three
independent experiments, with each point done in quadruplicate.

W AF FZ ARl AL Al frAxke] B o
K6PC-59l| 9§t o5 f7Al Hd o] ¥iglE RT-PCRS 5
3lo] olsldt). K6PC-5 A% & MPP & g8l o]
W #Ad Ao AZEE AL A FRAE G Bl-2,
Bcl-w, Bcl-x19] mRNA®SS 3018t 2y} Bel-w 2%}
= MPP' &= Hgloie A9 Wy gzt K6PC-5
9} MPP" & &7 2%]35}99S w] K6PC-59] & o= o
2 27119tk Bel-29} Bel-xl §-341= K6PC-59F MPP*
of oaix 1 LAY xpolE el A FtHFig. 2A). Al
X 1A 2 F41AE 4EA Bad, Bax, Caspase-6, p21
o] mRNARFE S 3913t A}, MPP" ©& 24| o) =
7}8l Bax mRNA9] #&o] K6PC-5 A x]% MPP &
2598 e K6PC-59] = o&Hog 7Hi3th
Bad, Caspase-6, p219] mRNA &2 K6PC-59 MPP*
£ I AAEA S W HEkE o)A kAR K6PC-5 &

= A25159S W Caspase-69] FAA} waio] 7+48-S &
1g = UATHFig. 2B).
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A
KBPC-5 (uM) 0 0o 01 1 5 5
MPP" 1 mM - + * + + -

Bcl-2

Fig. 2. Modulation of anti- and pro-apoptotic gene expressions by K6PC-5 and MPP

B
K6PC-5 (uM) 0 0 0.1 1 5
MPP™ 1 mM - + + + + -

Bad

Caspase-6

p21

GAPDH

* SN4741 cells were treated with K6PC-5 (0.1, 1

5 uM), MPP* (1 mM), or the combination of the two compounds for 6 hr. Cellular RNA from each treatment was extracted and the mRNA
expression for Bcl-2, Bel-w, Bel-xl, Bad, Bax, Caspase-6, p21, and GAPDH was analyzed by RT-PCR,

K6PC5 (uM) - - 0.1 1
MPP (mM) - 1 1 1 1 -
p-PKC ‘ -— —— - . —- ‘
p-PI3K ‘ — e ‘
p-JNK ‘ — — G— — S — ‘
p-GSK ‘
p-p38

l
i
l

p-ERK ‘ —— — -

Fig. 3. Effects of K6PC-5 and MPP™ on p-PKC, p-PI3K, p-JNK,
p-GSK, p-p38, and p-ERK immunoreactivities in SN4741 cells, Cells
were treated with K6PC-5 (0.1, 1, 5 uM), MPP™ (1 mM), or the
combination of the two drugs for 3 hr, Cell lysis buffer extracted
cellular proteins from each treatment Toxicity test of MPP ™ (A) and
EGCG (B) compounds in SN4741 mouse dopaminergic neuronal cell
line, In vitro cytotoxic cell death for MPP* and EGCG were assessed
by MTT reduction assay in SN4741 cells at 24h,
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PKC= A7 Aol 1 AES} S4o] #ofsiar A3
o] e EiE A%k Lnj_% ok Zo® dHA Utk
MPP* ol o} =514 417 AFe] 54 walo]q K6PC-5
b ol 28 718E £ xe WEEEA) SR18nA o
o] MeNz S o]838led Western blot 45 Ald)3}
9. B 395 Q0B I VAL P 14
39S u) o8l WalE gold 4
3 1 mM MPP" Ax]5}9< ) K6PC-59] & oj&F oz

QlxtalEl  deje] PKCe} phosphatidylinositol-3-kinase
(PI3K)7} w9802 Z7}= o] SphK &4#21 K6PC-57}
PKCS} PIBKZ Esle] MPP* o] o8k A|ZALZEE Tujyl
A AR NEE HEgE HAFItHFig. 3). 1 ¢ Axx
AFZEE AAATZE BIsh= AZEQ INK, p38 MAP
kinase, ERK, glycogen synthase kinase (GSK) ©HlE-2]
Sy s fog WSkl glo] KOPC-5¢ %
MPP" 54 BEwgo] #oiai] o5 & 4= AU

h
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i

Ml

¥ AT SNAT4L AR =9 ARNES ol%
SphK 23 A171¢1 K6PC-57F MPP* ol 93 wuvl Al A7
AT =40 et} BE 2ol g Belskm, AERE
o} g 4l
1z} Tk

sl A7 meld) del A8EE 4454 MPTP
£ AUE F5Eo] Hudue 599 El% CRREL]
93 MPP" & tjr}s]o] 71A8)e] E4 (substantia nigra pars
compacta) o] e ERIA AAH TR HejHoz 2
Ago A B
W3t A1 59 H 2AEL fshl Bkt 2 o)
A BF EopA AAAET SNAT4L AZE E3pEl A
Fof| Aeld A75%<) MPP™ ol of3) 417 Alxe] Abgo]

AY @S] oF 1 4§ /)9S sl

3led £3] mitochondria complex 12 ¢

-
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Sphinosine © 25-E] SphKol| 9Jsl] A== SI1P= A
T g Aol olss FXNTIAL, AT SA3% %
= FANTIH, AEQ Ele} o]FE FNT]= slow &
A4 A o) F Az A} AE £ 2
AZAPES A= Az2 g7 g2 &4—5—% S1P
7FAEF7I AR FF FAU AFY 2w AsHeE
4g zdshe Y 9dx, SIP7} RASS} ERK1/2 2+
ZAE &3] vascular endothelial growth factor®] A|3¥E9]
SHAES SASIE s, = do] A|A" PC12 AE
o4 SIP7} SAPKs} INK wh1] g 28k tiid 4]
XA T F-AAARQ] caspased] WHE Ao T A
FAE dAsks A 5908, SphK 247191 K6PC-55

ol¢} fFAKH 712S 3 EuA /:_]73*%]35 Eﬁﬂ&i
UehieA) Selaia

p38, ERK MAP kinase, PI3K
o] 9o} K6PC-57} o|& AZE
319k & Ao p38, ERK MAP kmase ]NK
& K6PC-5 Ao oJste] frefgh wists HolA| %‘9}
o1} PKC9} PBBK whlalao] K6PC-5 Fxol| o&Es}d]
Z7Vehe AL FHelste] K6PC-5¢] SN4741 TapnlA] 417
Az tigk BsAgo] PKCe PBKE ZAfrehs 1
Z AUtk SN4741 A|EoA Q14ksle PKCeF PI3Ke] it
e N7EQ MPPT X0 2Jate] 7450} MPP o 9
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, T3 MPP "ol 9J3F ¢1akslEl PKC9} PI3K
18 7hA —t— K6PC-5 Ax)x)o] oate] A= #ut oh]a}
O 2719 43S Ho] K6PC-5¢] 93 Euivl
ANE BREALL PKCS PI3Ko| o&ste] Yehdt}
% & & ATk K6PC-57} SphKE Falf A3
s %7}A171ﬂ~ 4<S melsld SIPY AERES
" SAPK, JNK, ERK Zo| opd
PKC¢} PI3KE sw_z Uehg 4= ks RS 318 4
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S Z/MZIthe BuE 12d o, SN4T414 A%
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A7 = ABAEL SN4T4LHEN A MPP o] 2]3)
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dE Al JEFE Foza A APES oAsta
MPPJr%AéE— 1-?‘]51 Bade o 4 9k
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