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1. Multiple sclerosis

2. Brain derived neurotrophic factor
3. Degenerative

4. Oligodendrocyte-Specific Protein
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1. novel Protein Kinase C



YAY o Bl g (padio S o i U dand po (sl ;guiSL p dauwgie 9 YU ol b oglilo (y pod

MS 4 Uik 50 (S0 CoeS dgeta 5 (Ko 20l o Jolas (2l G 553 Dliae Cusli
oIS i Vb Sl b Sl sl sy o0 JBA 5 0 ped SUS pgat )0 0eb o
sl sl e onl o Sdhae culin
g iz glomald b Jeglie (el aan o0jlgs a5 wl ools lis pols hash o
Ko g g o gl b o aaiod ol gl ol o0 MS 4y Ldlice 5o Jolas lslins (2al33l
L seglie Ol pes ,8b (Yo V) e 5 Slo copimman (1) 3,005 Slgdran (Voo F) oS
BV 51 (S (VA o )5 (5155 1) Joles o5 5 oyt MS 4 Mis Jlo 19 (59, 2 1) Yl o
ol 455l SMae > opanay Mlas S Gl s o ol Gialiil Jlzs!
aS Ll 5l alemges o Jobes L (0 S5y — s i oles L2085 )38 lgieas (Do
(F1) 2igdion b (Sanlon 9 DL Gl cow caimd oo Gl (Mae &508 (Laglie Sl o3
aiz s Oy il Lol cde cnl by wogs 00,550 a3 (g0l Beiod (sla gvges] aSyl 4 L
oS Jolss Laal3dl Jlasl J¥o 51,508 (o (F)) Sl (a5 il oSl ped Jl diia
ge 353 a5 (FYLFY) Canla Joge;l jo Dlae cualiwl (iol38l s pwyp jui pol> idgh 5o
< o sl slp |y o Slee Plitul § 08,5 0 MS @ LM 0 Sws Lials 5 Jols ol
ol
GlS o Gilide Gt b eglie o o dtin 033lp0 a5 0 eols i ol gl o
G o dagie Sal b o ped caddllae (nl p3 09l se (225 09,5 99 0 0 (S bl
argi b ad phlen jo (s a0, T fals cage¥l Cal b el 5 (Sd g0,0 TO
Ohlem 53 (St Cud iy alS Sel b Sal b fyed o5 S35 4l Olgiee @l
Jolie alS Cif olsie ol MS slaailis o Sals j (K (S a5 bl 5l coul sud
(S Ol od S9nte 78 (Sl penile S el ol ol MS &y LM 3 (S
oS Sllom wisls Lis (Vo) es 5 gl il (V8) ol (655 50 ohliae (g5laJlad Spete
4l o (FF) aigzlpe ST L sg3 635 0 ohlae sila e 5o wilaysil s asl Sows s
et |y 635 0 DBLae 3luled (raglie Sl yed a5 0k 0sls (lad el gla Sogesl s ]
655 o oMas (g3l lad Sene |, (Siws L2alS Jlazst s g5 oo ol €(F0) ol s

LA ol 53 W1 5 lagss ok s o 0l Gl shsb 56,8 L1858 ol



WAY 5l ¥ 6las e 5,93 o )9 (s j poke YAA

ol s 00 (F0) d9doe ymie (S5 axly b (Mas JU 5o e &0 zol ay 4 et
a5 Lxl5labge Gl U1 e colled plosl (550 g axdly mals ol 3l yo (S line ol i
Sl ol a5ty oo A ol oad S iy el el YU Gal b o el ol Badsd (o
comas by S dgp bl g oud baplal g B35 5 (Sle, 05 el Vb Db b (eglie
BDNF S jlie 51 (obolyy copmizman sl o0ls 2alS i ) o logs (Ko 5 Dhiae hnsd
50 BDNF (riomes 0358 oo (rdgig p S80S 0dg5 (omae slaJslo o Shoe S92 9 W)l g
SRl plgie (F7 FV) 050 ()T 4 bgrye slapygygi 5 S5 sloasls G5 ol i)
2ol b g BDNF (silals, 51 55 comigig e s3boslil dos o 1) ollan (Foes 55 jlolins
soglie Dl ol 45 0ldso copizren (Cunils (ruigig e aS adgs (oras slashe o Slas gm0
ol (e RIS %o Julo Ty 25,08 il el o om iy wam o Gl 1y (Dl 08
a5 Qiad axlge Mac coliiwl Keie il b o Sogesl ol> Giagh 10 pl 9525 b o)

b ohlew ol yo (Kws rals Jlaas! LYo 5l Ko (SO wilgs so

& 5 ond
035093 51 15 1,935l ooy zobaws ,3 lsline Lial33l Claudinll o BDNF oo ik ) 455 b
St iz 4] panas I8 (6 ks Cooil MS & Sie lass o Seslie (o8 ain
o e ki 10 s b BB b (05 05,8 b Al i bagie B b gy 0,5 9
Jole o goglin dolipy ud b damlie )0« ogliie plire Sl pod (JLA1S g (2 ye5 890 Jsbo &5 o)
LBl 28l palite Jtaslie (e iy MS a i oy azliz 5 oo Jladar s 5sacls
50 Mgl oy «Dloyed cpl 5l oSG Claudinll ¢ BDNF uolsdl 51 a6 wlgd 5l aales oo
a2y Obls Gll 4 Vb g hawgie ad b (Feglie (nped JSSgp g0 58 plxl ol tagh
Sl ol Yo 5l S Vsl a5 ol ond jomie llew Siwd Ly pals 5 Jobs
Gl )il a4 ob plate leglie Sl ped ol 005 yol> sla goge;] (SDae Culinl Ko
o2 5 (K 2ol g Jolss S (e Suliiial (ol e )od Gl Jald) (Hlae cuie
sl s0i i (Claudinll 3 BDNF (g3luolyl ssts Giob 3D omas Joiml sbo, 55l

9 O3 Sgup pogdle a5 wib (llew (! Gl 4z g BB Ly Sloys deid S Wl oo ol ple



YAd o Bl g (padio S o i U dand po (sl ;guiSL p dauwgie 9 YU ol b oglilo (y pod

S| cge 395 a5 Cewl oald jamie i LB (nl o (Sad g ol dgre 4 SDlae Culiial

10.

11.

Sed o hlew (pl (Sw; ceaS

»T.os@lm

DeBolt LS, McCubbin JA. The effects of home-based resistance exercise on balance,
power, and mobility in adults with multiple sclerosisl. Archives of physical medicine and
rehabilitation. 2004;85(2):290-7.

Trapp BD, Peterson J, Ransohoff RM, Rudick R, Mérk S, Bo L. Axonal transection in the
lesions of multiple sclerosis. New England Journal of Medicine. 1998;338(5):278-85.
Frota ERC, Rodrigues DH, Donadi EA, Brum DG, Maciel DRK, Teixeira AL. Increased
plasma levels of brain derived neurotrophic factor (BDNF) after multiple sclerosis
relapse. Neuroscience letters. 2009;460(2):130-2.

Vega SR, Strider HK, Wahrmann BV, Schmidt A, Bloch W, Hollmann W. Acute BDNF
and cortisol response to low intensity exercise and following ramp incremental exercise to
exhaustion in humans. Brain research. 2006;1121(1):59-65.

Rasmussen P, Brassard P, Adser H, Pedersen MV, Leick L, Hart E, et al. Evidence for a
release of brain-derived neurotrophic factor from the brain during exercise. Experimental
physiology. 2009;94(10):1062-9.

Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, Bertolino A, et al. The
BDNF val66met polymorphism affects activity-dependent secretion of BDNF and human
memory and hippocampal function. Cell. 2003;112(2):257-69.

Linker RA, Lee D-H, Demir S, Wiese S, Kruse N, Siglienti I, et al. Functional role of
brain-derived neurotrophic factor in neuroprotective autoimmunity: therapeutic
implications in a model of multiple sclerosis. Brain. 2010;133(8):2248-63.

Van't Veer A, Du Y ,Fischer TZ, Boetig DR, Wood MR, Dreyfus CF. Brain-derived
neurotrophic factor effects on oligodendrocyte progenitors of the basal forebrain are
mediated through trkB and the MAP kinase pathway. Journal of neuroscience research.
2009;87(1):69-78.

Wujek JR, Bjartmar C, Richer E, Ransohoff RM, Yu M, Tuohy VK, et al. Axon loss in
the spinal cord determines permanent neurological disability in an animal model of
multiple sclerosis. Journal of Neuropathology & Experimental Neurology. 2002;61(1):23-
32.

Sorenson M, Jason L, Peterson J, Herrington J, Mathews H. Brain derived neurotrophic
factor is decreased in chronic fatigue syndrome and multiple sclerosis. J Neurol
Neurophysiol S. 2014;12:52-013.

Bronstein J, Micevych P, Chen K. Oligodendrocyte-specific protein (OSP) is a major
component of CNS myelin. Journal of neuroscience research. 1997;50(5):713-20.



WAY 5l (¥ 6los e 6593 o) y9 (s ) porke 4.

12. Morita K, Sasaki H, Fujimoto K, Furuse M, Tsukita S. Claudin-11/OSP-based tight
junctions of myelin sheaths in brain and Sertoli cells in testis. The Journal of cell biology.
1999;145(3):579-88.

13. Bronstein JM, Kozak CA, Chen X-N, Wu S, Danciger M, Korenberg JR, et al.
Chromosomal localization of murine and human oligodendrocyte-specific protein genes.
Genomics. 1996;34(2):255-7.

14. Buznikov A, Vu T, Kornblum H, Chen K, Bronstein J, editors. Cloning of the human
oligodendrocyte-specific protein (OSP) homologue. Soc Neurosci; 1996.

15. Bronstein J, Lallone R, Seitz R, Ellison G, Myers L. A humoral response to
oligodendrocyte-specific protein in MS A potential molecular mimic. Neurology.
1999;53(1):154.

16. Devaux J, Gow A. Tight junctions potentiate the insulative properties of small CNS
myelinated axons. The Journal of cell biology. 2008;183(5):909-21.

17. Gow A, Southwood CM, Li JS, Pariali M, Riordan GP, Brodie SE, et al. CNS myelin and
sertoli cell tight junction strands are absent in Osp/claudin-11 null mice. Cell.
1999;99(6):649-59.

18. Allen SJ, Watson JJ, Shoemark DK, Barua NU, Patel NK. GDNF, NGF and BDNF as
therapeutic  options  for  neurodegeneration. Pharmacology &  therapeutics.
2013;138(2):155-75.

19. Bliss TV, Collingridge GL. A synaptic model of memory: long-term potentiation in the
hippocampus. Nature. 1993;361(6407):31.

20. Betterle C, Lazzarotto F, Presotto F. Autoimmune polyglandular syndrome Type 2: the tip
of an iceberg? Clinical & Experimental Immunology. 2004;137(2):225-33.

21. Wens |, Keytsman C, Deckx N, Cools N, Dalgas U, Eijnde BO. Brain derived
neurotrophic factor in multiple sclerosis: effect of 24 weeks endurance and resistance
training. European journal of neurology. 2016;23(6):1028-35.

22. Castellano V, White LJ. Serum brain-derived neurotrophic factor response to aerobic
exercise in multiple sclerosis. Journal of the neurological sciences. 2008;269(1):85-91.

23. Ozkul C, Guclu-Gunduz A, Irkec C, Fidan I, Aydin Y, Ozkan T, et al. Effect of combined
exercise training on serum brain-derived neurotrophic factor, suppressors of cytokine
signaling 1 and 3 in patients with multiple sclerosis. Journal of neuroimmunology.
2018;121:316-9.

24. Gold SM, Schulz K-H, Hartmann S, Mladek M, Lang UE, Hellweg R, et al. Basal serum
levels and reactivity of nerve growth factor and brain-derived neurotrophic factor to
standardized acute exercise in multiple sclerosis and controls. Journal of
neuroimmunology. 2003;138(1-2):99-105.

25. White L, McCoy S, Castellano V, Gutierrez G, Stevens J, Walter G, et al. Resistance
training improves strength and functional capacity in persons with multiple sclerosis.
Multiple Sclerosis Journal. 2004;10(6):668-74.



v o Bl g (padio S o i U dand po (sl ;guiSL p dauwgie 9 YU ol b oglilo (y pod

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dalgas U, Stenager E, Jakobsen J, Petersen T, Hansen H, Knudsen C, et al. Fatigue, mood
and quality of life improve in MS patients after progressive resistance training. Multiple
Sclerosis Journal. 2010;16(4):480-90.

TOFIGHI AA, SAKI Y, RAZMJOO K. Effect of 12-week progressive resistance training
on balance, fatigue and disability in women with MS. 2013.

Hayes HA, Gappmaier E, LaStayo PC. Effects of high-intensity resistance training on
strength, mobility, balance, and fatigue in individuals with multiple sclerosis: a
randomized controlled trial. Journal of Neurologic Physical Therapy. 2011;35(1):2-10.
Taylor N, Dodd K, Prasad D, Denisenko S. Progressive resistance exercise for people
with multiple sclerosis. Disability and rehabilitation. 2006;28(18):1119-26.

Brzycki M. A practical approach to strength training: Contemporary Books; 1995.
Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for
frail elderly persons. Journal of the American geriatrics Society. 1991;39(2):142-8.
Heyward V. Assessing cardiorespiratory fitness. Advanced fitness assessment and
exercise prescription. 1998;5:55-92.

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity scale:
application to patients with multiple sclerosis and systemic lupus erythematosus. Archives
of neurology. 1989;46(10):1121-3.

Ferris LT, Williams JS, Shen C-L. The effect of acute exercise on serum brain-derived
neurotrophic factor levels and cognitive function .Medicine & Science in Sports &
Exercise. 2007;39(4):728-34.

Schulz K-H, Gold SM, Witte J, Bartsch K, Lang UE, Hellweg R, et al. Impact of aerobic
training on immune-endocrine parameters, neurotrophic factors, quality of life and
coordinative function in multiple sclerosis. Journal of the neurological sciences.
2004;225(1-2):11-8.

Pitts EV, Potluri S, Hess DM, Balice-Gordon RJ. Neurotrophin and Trk-mediated
signaling in the neuromuscular system. International anesthesiology clinics.
2006;44(2):21-76.

Banan A, Zhang L, Shaikh M, Fields J, Choudhary S, Forsyth C, et al. 8 Isoform of
protein kinase C alters barrier function in intestinal epithelium through modulation of
distinct claudin isotypes: a novel mechanism for regulation of permeability .Journal of
Pharmacology and Experimental Therapeutics. 2005;313(3):962-82.

D'Souza T, Agarwal R, Morin PJ. Phosphorylation of claudin-3 at threonine 192 by
cAMP-dependent protein kinase regulates tight junction barrier function in ovarian cancer
cells .Journal of Biological Chemistry. 2005;280(28):26233-40.

de Souza-Teixeira F, Costilla S, Ayan C, Garcia-Lopez D, Gonzalez-Gallego J, De Paz J.
Effects of resistance training in multiple sclerosis. International journal of sports
medicine. 2009;30(04):245-50.

Carroll TJ, Benjamin B, Stephan R, Carson RG. Resistance training enhances the stability
of sensorimotor coordination. Proceedings of the Royal Society of London B: Biological
Sciences. 2001;268(1464):221-7.



TFAY Sualy ¥ 8 lad e 5590 (o3 p9 it poke ray

41. Anderson K, Behm DG. The impact of instability resistance training on balance and
stability. Sports medicine. 2005;35(1):43-53.

42. O’Sullivan PB, Mitchell T, Bulich P, Waller R, Holte J. The relationship beween posture
and back muscle endurance in industrial workers with flexion-related low back pain.
Manual therapy. 2006;11(4):264-71.

43. Philip SK. Trunk control correlates with gait and balance measures in elderly subjects
including high functioning individuals with Parkinson disease: The Ohio State University;
20009.

44. Andreasen AK, Jakobsen J, Petersen T, Andersen H. Fatigued patients with multiple
sclerosis have impaired central muscle activation. Multiple Sclerosis Journal.
2009;15(7):818-27.

45, Sale DG. Neural adaptation to resistance training. Medicine and science in sports and
exercise. 1988;20(5 Suppl):S135-45.

46. Merlio J-P, Ernfors P, Jaber M, Persson H. Molecular cloning of rat trkC and distribution
of cells expressing messenger RNAs for members of the trk family in the rat central
nervous system. Neuroscience. 1992;51(3):513-32.

47. Madhav T, Pei Q, Zetterstrom T. Serotonergic cells of the rat raphe nuclei express mMRNA
of tyrosine kinase B (trkB), the high-affinity receptor for brain derived neurotrophic factor
(BDNF). Molecular brain research. 2001;93(1):56-63.



