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Research advance in the effect of potassium channel on pathogenesis of

idiopathic optic neuritis
Liv Jue, Li Pinghua. Department of Ophihalmology, Affiliated First Hospital, Chongging Medical University,
Chongqing 400016 ,China

Abstract Idiopathic optic neuritis(10N) is a common disorder in neuro-ophthalmology. It harms vision function seriously.
However, there are a lots of controversy and confusion about its etiology, etiopathogenesis and outcome of treatments. Recently,
potassium channel, such as stichodactyla helianthus peptide ( ShK ) and TRAM-34, was found to be involved in the
immunopathogenesis of ION, and regulation of potassium channel provide a novel immunomodulatory therapy for ION. This paper
reviewed the research advance of potassium channel in TON. It is expected to further clarify the pathogenesis and search for
effective treatment.
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BE BEENMZRON)ZE MW LBE AR DER, ™EBMA . BEMEERRILEIAE BT FER
£ A —, BRITHIR & B4 B 13 38 10 Stichodactyla helianthus peptide (ShK ) 1 TRAM-34 % 5 T ION 4 %% & i3
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PR 22 4 (optic neuritis, ON ) iZ 48 JIr 7 1 1 22 )
RIEVERZ . MK ERBEEE ON, Z8 8 £ K 1
84k ( multiple sclerosis, MS) , /b ¥ 0 % # & B8 &
(Devic %% ) , B FR 2 7 & M B4 48 & (idiopathic optic
neuritis, ION) , TON S Iffi JK 5t 4 % ILA9 K B . B
JREEF AR NI, B T EERAMATEILS
IONXZEY, HHERATHEZE TEHER
(channelopathy) , B 8 52 1A A TON B 2 i@ 38 g 28 7]
RER—FMERBURHE SRR BEA S s T
i i %5 (autoimmune ionic channelo pathy, AICP)" %
VTAFR E SMIT 5T R B T 3 2 20 40 B9 1 1 38 Kvl. 3
(voltage-gated potassium channel ) #1 IKCal( intermediate-
conductance calcium activated potassium channel 1, HF5
KCa 3. 1) X FJ3 S A 4E 7 o2 S I X T T, P 4 AP
FTBEA R TON fo iz 300 ) e 8 42 o5 o

Y2 82417 :400016 T K BB K2 I8 55— B5 Bt iR A
B HAE#E 24 ( Email ; cylipinghua@ 163. com)

1 TARSUSHEFEERE

TR 20 L 2% 1 R ik Bk A 7 Z {& CCRT KB g
{LHE CD4SRA fy AN IR], AR5 M T 48 Ml vT 43 S %)
6 T 40 i ( native T cell, 40 Mg 3 | 5 iC & CCR7*
CD45RA ") .t 5iP 12 T 40 Hg ( central memory T cell,
Tew, MR EFRICH CCRT CD45RA ™) RAL R ig 12
T 44 18 ( effector memory T cell, T, , 4 1 2 W 510 A
CCR7 " CD45RA™) . 78 m, T 41 MUK 444 53 1L i
Bl BN G T 4 M — 3 T AR —Tey > Teyo X
o R E YRR MU 5 PR e T R 4 g
PEBE A IR AL R8s T A MR IR R E R R, K
ZECK N T AT T, BA DB MR K
Farpgicts T M. w18h T MK T, ERAFE T
EEE RBER M, M A A7 TAEM R AR, MLk
B B I 00 B0 40 DR A ™ AR R 4 M R R A T
%, Tp, (B35 CDAH CD8 ' T 48jf) T EAF7E Tl
WEAEFEE R AR, SR Z B PR R AT A%



TR AR SY 2009 48 11 A 4527 &5 11 4

WMEEEHARTEX B RBEHRENTT,

ERABRARHBERLZIME ETHEAEIE Kv1.3
045 384 05 A H B 4 E IKCal 2 TIHE 41/ F F 8%
KB EPE T S A {H SR IA 09 BT 2 U T 40 M Y 4 AR
BRBERTS, BERET W8 T 4. Ty K Ty,
FIEAY Kvl. 3(250 ~/4008E) B 2 & T IKCal (5 4~/ 4
ML) ;2R sl 2 RIS, PIE T 4 & T, Rk
FUBE A9 Kvl. 3 (300 4~/ 48 Jfg ) Al IKCal (500 4~/ 4f
FL) T Tey KKK KvL.3(1500N/400E) BE® T
IKCal(50 A~/#0f) " . A, 408 T8 A8k T 40
oA 5 BRSO B9 85 2R, X R AL AR AT LA &R
A 7E TON, L A] B A AE 1 BB PR S MR M SC 95 4 |
BB S H M G g RRD . Kvl. 3 il IKCal &
WHEREBARATEE FESEH BNEE TR
BT S BOBE K Ak, 3R 3 5 2 Kol 3 8 8 I,
[ B P9 85 8 F ok v 3 B IKCal SEGE TR,
Y5 AR R A (B A ), T i — 2P 5 B Ak
B 8 3 o 4 B R IO AR Y 5 B T 58 B ( calcium
release-activated calcium channel, CRAC) N, iE£EM
RE ¥ 450 3 o T SO AR Ak, DA 00 85 Y 3, e i —
25400 5l 48 B BN A 7 AR R B RS AE

2 Kvl.3 5ION

TON 2 i B He B 0 BE RS i B L A B0 S 8 I L i
AR, T AR ELAN A A RS S B AR R
o F., B 4 B B B B ( batrix metalloproteinases,
MMPs ) FIE 52 5F 40 Ml B F S Rk m, g J 1] 49
WIH Kvl. 3 j2 EAE 3% 4k T, 1 ION Sb 8 i+ 8 85 45
T T WM T REAR R, Wulff 1 LB %
B, ION BE S R M BERE S it T A =8N Toy, 7
TRAME SR Z PR R BUE B Kvl. 3 Rk B &g
05 AR B % AT IR R SRR T 4R B0k B IE W AR
SMEMBER MM T 4 E R T MK Ty,
TR A B Z LR A A H Kl 3 RaA U E B .
IEH ANBES R T M ARG T 4 E T, , FEK
A2 BERH DU R B RIS RERE N Ty, XKW Ty
4 HE B 0 st R e i P B A PR A R B A R
[ i, TON 3 41 J&) 1l 3F BE 8 5 R vk T 40 B 541 J4 o
B8 BN T 40 R 7E 2 52 JH b 22 4 JRURI B 5 4 fiE
BT, Kvl. 3 FKHIMAL . Beeton 25" HFL R8T, B
EEER R RIS Kvl. 3 89 T AU AT /5 & EAE il sk i sh#%
BERN EAE RAME I T 41 Kvl. 3 RIAHE EiF,
BURAMSFER AL T 415 Kvl. 3 i#EHE
7 Stichodactyla helianthus peptide ( ShK) [/ 3% 5= 2
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JEHEET R, W5 & 19 EAE 5515 5 R AL, Rk
& EAE J5 fHE H] ShK /] i % il ARAE AR, H R W28 5
BB B R o Beeton 2P "t AWM THNE
triC AL S ) ShK-F6CA, ShK-F6CA W i 3t £ 1 5
T AN RE Kvl. 3 @ EEE G, 8 o 7 = 40 MU R s
EREMN &SRS KVL3@EN THRBELT MR
T Kvl. 3 B4 A5 00 . 123556 U =X 40 M A6 ) 5
SRR AR 45 R A — 3. BT I 2 40 A I 4 A
AR IR, AT R R B A, BT AT H &%
REVEZRG T I8 Kvl. 3 1 Ty, 20 MUGR 2%

BB R & B, ShK (L5 ) 7T 30 i A F B Ty, 199
Wa ROIL-2 My, e 1 ke BT EH
(10 wg/kg) BIW] 35 2] 1f1 25 ¥ J& 25 300 pmol/L (Y522,
A B IGO0 BE R M RN B 5 R I PR AL I S 8
BB . ShK-186 & i Ty, 1 M HIIE % B4R T, A T
¥ EAE f95ER'™ . 5 ShK R [F, D-Allo-ShK ( ShK
MARENMERE)S KvL3 BEEERERE, A
R ARG B O H R, X X A7 B Tl E BB S K
Hisa', HAtkE 5-(4-phenylbutoxy ) psoralen
(Psora-4) % UE A XTVA YT EAE G50, P HRE G 2
A3 nmol/L, &3 7 FiE 4T 33 mg/kg EH 5 d R
MMArhERE . PR ASERERAHE TE
EAEM N ION RHEIRZBiER .

3 IKCal 5 ION

IKCal ZER] 45 T 4B S T, 3R 354 20 /40,
TGS AT AE 48 h N HE N E 500 /40, R w1 hE T 4
B F T, 816 J5 IKCal ik bR 3 BUR Kvl. 3 g0 40
MO EEMH R S, R IKCal AR FE
TEVI UG T 4HE B Ty At T 09 55 SN A T

Reich %7 BF 3¢ & B, IKCal # # % B ¥ 7
TRAM-34 A] Jgi /> MOG,; ;s & i) EAE FRUH %6+ 41
¥ 40 TNF-a IFN-y #9430, [F] Bt A % EAE B
RAEAR . HBFFRFIRT & B, 4 TRAM-34 3697 f5 HE R
/b EAE RUEBE R 40 M 1IR3 (B 2D T TNF-o Al
IFN-y #9433, % 1 IKCal AT 662 540 M K T B 43 b,
MEMp A RBREILTE. AEARBREBED 1
( protein histidine phosphatase 1, PHPT-1 ) il 4 fiff IKCal
WHIE 358 A AR AR AL, M IKCal i@ E , AT
% CD4 T 40 HE A 7 98 W5 4 T . 4R 7% IKCal % 8 4
BHL 357 750 7] B8 B 8 1) B B A )

4 HETFIEELS ION Wi
Wiz R R R B ERYY ION (9 £ J7 ik, BHF5E
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B, B O RGR AR AUt T HE KRG T
XHBLH 2 1%, FHE B mHmA T (P M
AR A E A %) B 5 Rk
(glatiramer acetate, GA) . iEYE4E4E D R AEK A F
SHRRERRTE G OND i3k s 4k ™ @ IR A Ak 4h
B P2 EERTT %5 R BT M,
Kvl. 3 ¥ & Gt % TON 88 CD4" K CD8 " T, 11y
WBITBFE TR T 4 R T, LA IKCal 33K 24 F i
eI, B Kvl. 3 @B b 8138 B RiA A
R, E S 3I AR B R /N ARAEXT Kvl. 3 3@
HEMPHRE LA T M H M Kvl. 3 fH
#|—ShK-DAP®'™! %t & ¥y %t Kvl.3 & & % Mtk
X HAE FEEREMEAR 1%, AEYEEF N
A —-FH NS T Kvl. 3 B R 5-F &4 B g
% (5-methoxypsoralen, 5-MO P)_, 5-MOP 7 i [k FH T
WITAR B AT, dA #GE A T 23 ION gk . K
fta A4 40 PAP-1 g iE BAXHiA YT EAE B3 7 . W
I Kyl 3 BB XT ION K H A T #H A= 09 A
SRR ER T ARIAITR R

5 RE

H A K™ 38 18 BE R 0 T 52 86 1 TON #9972 2 78
BIE R o SCEe Y AR IO P NG A B A Bl WA R Y R ST R A
RAEMAP L RN BARIT # AT LR 8 7 Al 4744
HATAY BT 50 2 R PR F 3l 0 B8 28, it /0 s R 3 38 K 938
K 38 18 BH ¥ 50 i R A7 & B4k i 45 25 AL O 35
VAP TR RN BN S AT A

&% 30k

—

Optic Neuritis Study Group. The clinical profile of optic neuritis.
Experience of the optic neuritis treatment trial [ J ]. Arch Ophthalmol ,
1991,109(12):1673 - 1678

Optic Neuritis Study Group. The S-year risk of MS after optic neuritis.

[ 5]

Experience of the optic neuritis treatment trial [ J]. Neurology, 1997,
49(5):1404 - 1413
Beck RW,Trobe JD, Moke PS, et al. High- and low-risk profiles for the

development of multiple sclerosis within 10 years after optic neuritis .

W

experience of the optic neuritis treatment trial [ J ]. Arch Ophthalmol,

2003,121(7):944 - 949

Smith CH. Optic neuritis. // Miller NR, Newman NJ, Biousse V, el al.

eds. Walsh and Hoyt Clinical Neuro-ophthalmology [ M ]. 6th ed.

Baltmore : Lippincott Williams & Wilkins,2005:293 - 326

5 Waxman SG. Acquired channelopathies in nerve injury and MS| ).
Neurology ,2001,56(12): 1621 - 1627

6 Masson C. lon channel abnormalities ( “ channelopathies™ ) in neurologic
diseases[ J ]. Press Med,2002 ,31(6):244 - 248

Sallusto F, Geginat J, Lanzavecchia A. Central memory and effector

EN

~

memory T cell subsets: function, generation, and maintenance[ J1. Aunu
Rev Immunol,2004 ,22: 745 - 763
8 Wulff H, Calabresi P, Allie R, et al. The voltage-gated KvI. 3 K* channel

1

20

2

22

23

24

25

26

27

Chin Ophthal Res, November 2009, Vol. 27 ,No. 11

in effector memory T cells as new target for MS[ J}.J Clin Invest,2003,
111 (11):1703 -1713

Wulff H,Becton C,Chandy KG. Potassium channels as therapeutic targets
for autoimmune disorders! J]. Curr Opin Drug Discov Devel ,2003,6(5):
640 - 647

Rus H, Pardo CA, Hu L, et al. The voltage-gated potassium channel
Kvl.3 is highly expressed on inflammatory infiltrates in multiple sclerosis
brain[ J]. PNAS,2005,102(31):11094 - 11099

Beeton C, Barbaria J, Giraud P, et al. Selective blocking of voltage-gated
K* channels improves experimental autoimmune encephalomyelitis and
inhibits T cell activation[ J]. ] Immunol,2001,166(2):936 —944
Beeton C,Pennington MW, Wulff H, et al. Targeting effector memory T
cells with a selective peptide inhibitor of Kvl.3 channels for therapy of
autoimmune diseases[ J|. Mol Pharmacol ,2005,67(4): 1369 - 1381
Beeton C, Wulff H,Singh S, et al. A novel fluorescent toxin to detect and
investigate Kvl.3 channel up-regulation in chronically activated T
lymphocytes[ JT. | Biol Chem,2003,278(11):9928 - 9937

Beeton C, Smith BJ, Sabo JK, et al. The D-diastereomer of ShK toxin
selectively blocks voltage-gated K ¥ channels and inhibits T lymphocyte
proliferation[ } 7. Prot Struct Fold,2008 ,283(1):988 - 997

Beeton C,Mathen MP,Uemura M, et al. Live imaging of effector memory
T cells at a site of inflammation-a Kvl.3 blocker suppresses T cell
motility[ J]. FASEB J,2007,21:770

Vennekamp J, Wulff H, Beeton C, et al. Kvl.3-blocking 5-
phenylalkoxypsoralens: A new class of immunomodulators [ J]. Mol
Pharmacol ,2004 ,65: 1364 — 1374

Reich EP,Cui L, Yang L, et al. Blocking ion channel KCNN4 alleviates
the symploms of experimental autoimmune encephalomyelitis in mice[ J].
Eur J lmmunol ,2005,35(4): 1027 - 1036

Srivastava 3, Zhdanova O, Di L, et al. Protein histidine phosphatase 1
negatively regulates CD4 T cells by inhibiting the K™ channel KCa3. 1
[J].PNAS,2008,105: 14442 - 14446

Beck RW, Gal RL. Treatment of acute optic neuritis: A summary of
findings from the optic neuritis treatment trial [ J . Areh Ophthalmol,
2008 ,126(7):994 ~995

Burger I}, Molnarfi N, Martin S, et al. Glatiramer acetate increases IL-1
receptor antagonist bul decreases T cell-induced IL-18 in human
monocyles and multiple sclerosis? J7. PNAS,2009,106(3):4355 -4359
Gray OM, McDonnell GV, Forbes RB. Intravenous immunoglobulins for
multiple selerosis. // The Cochrane Library, Issue 2, Chichester[ M]. UK,
John Wiley & Sons Ltd,2005

Ruprecht BK,Klinker E,Dintelmann T, et al. Plasma exchange for severe
optic neuritis; treatment of 10 patients [ J ]. Neurology, 2004,63 (6) :
1081 - 1083

Guy J, Qi X, Wang H, et al. Adenoviral gene therapy with catalase
suppresses experimental optic neuritis [ J ]. Arch Ophthalmol, 1999,
117(11):1533 - 1539

Chandy KG,Wulff H, Beeton C,et al. K* channels as targets for specific
immunomodulation[ J]. Trends Pharmacol Sei,2004,25(5):280 289
Kalman K, Pennington MW, Lanigan MD, et al. ShK-Dap22, a potent
Kvl. 3-specific immunosuppressive polypeptide[ J J. J Biol Chem, 1998,
273(49):32697 - 32707

Wulff H,Sankaranaryanan A, Schmitz A, et al. PAP-1, a selective small
molecule Kvl. 3 blocker{ J]. FASEB J,2006,20: A326

Schmitz A, Sankaranarayanan A, Azam P, et al. Design of PAP-1, a
selective small molecule Kvl. 3 blocker, for the suppression of effector
memory T cells in autoimmune diseases[ J]. Mol Pharmacol ,2005,68(5):

1254 - 1270

(W fi:2008 -11-05 {4 5] ;2009 ~09 -17)

(A G4 - F )



