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TRAVMATIK BEYIN HASARI VE KOK HUCRE TEDAVISI

GiRiS

Travmatik beyin hasar1 (TBH), diinya ¢apinda
onde gelen o6liim ve sakatlik nedenlerinden bi-
ridir. Travmatik beyin hasar1 (TBH), diinya ¢a-
pinda 6nemli bir mortalite ve morbidite nedeni
olarak durmaktadir. Amerika Birlesik Devletle-
rindeki yaralanmaya bagli 6liimlerin %30’undan
fazlasini igerir. TBH, iki yaralanma agamasi ige-
rir; yani, beyin dokusunda mekanik hasara neden
olan bir dis gii¢ yoluyla bir ilk kafa travmasi ve
daha fazla beyin dejenerasyonuna yol a¢an ilti-
haplanma, apoptoz, oksidatif stres ve diger pato-
tizyolojik komplikasyonlar: iceren ikincil bir bi-
yokimyasal kaskadlar.TBH i¢in tedavi segenekleri
sinirli olmaya devam ediyor ve bu da yarali beyni
korumak veya yenilemek igin tasarlanmis yeni te-
rapotik modalitelerin acilen incelenmesi gerekti-
gini gosteriyor.'

EPIDEMIYOLOJI

Kafa travmalar1 toplumda sik goriilen 6nemli sag-
lik bunun yaninda ciddi sosyo-ekonomik prob-
lemlere neden olan bir konudur. Travma, 1-45
yas aras1 bireylerde 6nde gelen 6liim nedenidir ve
bunlarin ¢ogundan travmatik beyin hasari1 (TBH)
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sorumludur; Amerika Birlesik Devletlerinde yil-
da 50.000den fazla 6liim. TBH, Glasgow Koma
Olgegi Skoruna (GKS) gore klinik olarak hafif,
orta ve siddetli olarak smiflandirilabilir; kalict
sakatlik oranlar1 sirasiyla %10, %60 ve %100 ve
genel 6liim oranlar1 %20-30dur. En giincel CDC
verilerine gore ekonomik etki yalnizca ABDde
80 milyar dolarin iizerindedir.>** Ulkemizde ise
kafa travmalarina sekonder mortalite 7 orani ise
100000 de 10 dur. Amerika Birlesik Devletlerinde
yapilan bir aragtirmada geng yas populasyonun-
daki 6limlerde travma nedenler aasinda birinci
sirada gosterilmistir. Tum yas gruplar1 arasinda
yapilan siralamada ise; kardiyovaskiiler hastalik-
lar ve kanserden sonra 6liim nedenleri arasinda
t¢lincti sirada yer almaktadir® Kafa travmala-
rinin  epidemiyolojisi sosyo-ekonomik seviye
farkliliklarina, yas, irk ve cinsiyete gore degisim
gostermektedir. Yapilan arastirmalarda kafa trav-
malarinda 15-25 yas grubunun risk yiizdesinin
fazla oldugu goriiliirken, kafa travmasi insidansi
25-60 yas grubunda diisme egilimine girmekte, 60
yasindan sonra ise tekrar yiikselmektedir. Kadin/
erkek orani ise 1/2-1/2,8 oraninda degismektedir.
Sosyo-ekonomik seviyesi diisiik toplumlarda kafa
travmasi goriilme orani daha siktir”. Kafa travma-
sina bagl 6liimlerin %50’si hastaneye ulasmadan

' Dr. Ogr.Uyesi, Erciyes Universitesi Tip Fakiiltesi Norosirurji AD., ulutabanca@gmail.com, ORCID iD: 0000-0001-5912-3222
2 Dr., Erciyes Universitesi Tip Fakiiltesi Norosirurji AD., aykutilikhan@gmail.com, ORCID iD: 0000-0003-1746-8972

267



COCUK NOROLOJISI PRATIGINDE KOK HUCRE MULTIDISIPLINER YAKLASIM

yonelik yeni calismalara 151k tutmaktadir. TBH
hastalarinda norolojik ve motor fonksiyonlari iyi-
lestirme becerisini ¢caliymalarda net olarak ortaya
koyulmamigtir. Bununla birlikte, aracilik eden
mekanizmalar bilinmemektedir ve tstlenilen ca-
lisma sayist azdir. Coziilmemis sorunlar devam
etsede, son yillarda yetigkin kok hiicreleri iceren
yeni hiicre terapisi tekniklerinin, yetiskin sinir
sisteminin rejenerasyon olasilig: ile ilgili yeni
kavramlarla baglantili olarak, TBH’ nin tedavisi
i¢in ileriye doniik yeni ¢alismalar agisindan fir-
satlar saglamistir.Olas1 sonuglarin yeterince an-
lagilmamasi, bilinmeyen etik sorunlar, uygulama
yollar1 ve karma tedavi kullanimi nedeniyle kok
hiicrelerin travmatik beyin hasarinda terapotik
uygulamasi konusunda daha fazla galigma yapil-
mas1 gerekmektedir.

KAYNAKLAR

1. Bailes, Julian E, and Cesar V Borlongan. “Traumaticb-
raininjury” CNS neurosciencedtherapeutics vol. 26,6
(2020): 593-594. d0i:10.1111/cns.13397

2. Alewander RH, Proctor HJ. HeadTrauma in Advanced
Trauma Life Support. 3 Edition. AmericanCollege of
Surgeons. Chicago. 1993; 159-183. 101

3. Jess FK, David LM, Terry AS, Madhangi J. Epidemio-
logy of braininjury, In: Narayan RK, Wilberger JE, Pov-
lishock JT (eds). Neurotrauma. McGraw-Hill. 1996. pp
13- 30,

4. Gorgili A, Palaoglu S, Ismailoglu O, Tuncel M, Siiriicii
MT, Erbil M, Kiling K. Effect of melatonin on cerebrale-
dema in rats. Neurosurgery, vol 49. 2001; 6: 1434-1442.

5. Guillamondegui MBPOD. Traumatic brain injury, seve-
re: medical and surgical management. 1. Verlag Berline
Heidelberg; Springer: 2015..

6. Jagger ], Levine J, Jane J, et al. Epidemiologicfeatures of
headinjury a predominantlyruralpopulation. J Trauma
1984; 24: 40-44.

7. Kraus JE McArthur DL. Epidemiologicaspects of brai-
ninjury. NeurolClin 1996; 14: 435-450.

8. Lacoangeli M, Roselli R, Pompucci A, Scerrati M.
Acutemenagement of headinjury. ContempNeurosurg
2000; 22:1-8.

9. Vella MA, Crandall ML, Patel MB. Acute Management
of Traumatic Brain Injury. Surg Clin North Am. 2017
Oct;97(5):1015-1030. doi: 10.1016/j.suc.2017.06.003.
PMID: 28958355; PMCID: PMC5747306.

10. Amar AP, Levy ML. Pathogenesisandpharmacologi-
calstrategiesformitigatingsecondarydamage in acute
spinal cordinjury. Neurosurgery 1999; 44

11. Li GL, Farooque M, Holtz A, Olssay Y. Apoptozis of
oligodendrocytesoccursforlongdistancesawayfromt-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

heprimaryinjuryaftercompressiontraumafor at spinal

cordinjury. Neuroscience 2000; 99: 333-342
Kim HJ, Tsao JW, Stanfill AG. The current state of bi-
omarkers of mild traumatic brain injury. JCI Insight.
2018 Jan 11;3(1):e97105. doi: 10.1172/jci.insight.97105.
PMID: 29321373; PMCID: PMC5821170.

Faden AL Chan PH, Longar S: Alterations in lipid me-
tabolism. Neurochem. 1987; 48: 1809-1816
Dumont R]J, Verma S, Okonkwo DO, Hurlbert RJ. Acute
spinal cordinjury, Part II: ContemporaryPharmacothe-
rapy. Clin. Neuropharmocology 2001; 24(5): 265-279
Dumont R], Okonkwo DO, Verma S, Hurlbert J. Acute
spinal cordinjury, Partl:PathophysiologicMechanisms.
Clin. Neuropharmacology 2001; 24(5): 254- 264 100
Galgano M, Toshkezi G, Qiu X, Russell T, Chin L, Zhao
LR. Traumatic Brain Injury: Current Treatment Stra-
tegies and Future Endeavors. Cell Transplant. 2017
Jul;26(7):1118-1130. doi: 10.1177/0963689717714102.
PMID: 28933211; PMCID: PMC5657730.
Kontogeorgakos VA, Voulgaris S, Korompilias AV,
Vekris M, Polyzoidis KS, Bourantas K, Beris AE. The-
efficacy of erythropoietin on acute spinal cordinjury an
experimentalstudy on a rat model. ArchOrthopTrau-
maSurg2009;129:189-194.

Kandel ER, Schwartz JH, Jessell TM, Siegelbaum SA,
Hudspeth AJ. Principles of Neural Science. 5th. New
York: McGraw-Hill Professional
Lin CL, Dumont AS, Zhang JH, Zuccarello M, Chen
CS. Improving and Predicting Outcomes of Traumatic
Brain Injury: Neuroplasticity, Imaging Modalities, and
Perspective Therapy. Neural Plast. 2017;2017:4752546.
doi: 10.1155/2017/4752546. Epub 2017 Jun 22. PMID:
28717521; PMCID: PMC5498924.

Zhou Y, Shao A, Yao Y, Tu S, Deng Y, Zhang J. Dual
roles of astrocytes in plasticity and reconstruction after
traumatic brain injury. Cell Commun Signal. 2020 Apr
15;18(1):62. doi: 10.1186/s12964-020-00549-2. PMID:
32293472; PMCID: PMC7158016
Lazerewicz WJ, Pluta R, Puka M, Salinsca E. Diverse-
mechanisms of neuralprotectionbynimodipine in expe-
rimentalrabbitbrainiskemia. Stroke 1990;21: 108-110
Johnston MV. Plasticity in the developing brain: imp-
lications for rehabilitation. Dev Disabil Res Rev.
2009;15(2):94-101.  doi:  10.1002/ddrr.64. PMID:
19489084.

Cao Q., Benton R.L., Whittemore S.R. Stemcellre-
pair of centralnervoussysteminjury. J. Neurosci. Res.
2002;68:501-510. doi: 10.1002/jnr.10240.

Widner H., Brundin P. Immunologicalaspects of
grafting in  themammaliancentralnervoussystem.
A reviewandspeculativesynthesis. Brain Res. Rev.
1988;13:287-324. doi: 10.1016/0165-0173(88)90010-0.
Hoffer B.J.,, Olson L. Ethicalissues in brain-cellt-
ransplantation. TrendsNeurosci. 1991;14:384-388. doi:
10.1016/0166-2236(91)90168-T.

Sinson G., Voddi M., McIntosh T.K. Combined fetal
neuraltransplantationandnervegrowthfactorinfusion:
Effects on neurologicaloutcomefollowingfluid-percus-
sionbraininjury in therat. J. Neurosurg. 1996;84:655-



Travmatik Beyin Hasari ve K&k Hticre Tedavisi

277

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

662. doi: 10.3171/jns.1996.84.4.0655.

Reynolds B.A., Weiss S. Generation of neuronsandast-
rocytesfromisolatedcells of theadultmammaliancent-
ralnervoussystem. Science. 1992;255:1707-1710. doi:
10.1126/science.1553558.

Zhu J., Wu X., Zhang H.L. AdultNeuralStem Cell The-
rapy: Expansion In Vitro, TrackingInVivoandClinicalT-
ransplantation. Curr. DrugTargets. 2005;6:97-110. doi:
10.2174/1389450053345055.

Zhu J., Zhou L., Xingwu F TrackingNeuralStem-
Cells in Patientswith Brain Trauma. N. Engl. J. Med.
2006;355:2376-2378. doi: 10.1056/NEJMc055304.

Gage FH. MammalianNeuralStemCells. Scien-

ce. 2000;287:1433-1438. doi: 10.1126/scien-
ce.287.5457.1433.
Le Belle J.E., Caldwell M.A., Svendsen C.N. Improvin-
gthesurvival of human CNS precursor-derivedneuron-
saftertransplantation. J. Neurosci. Res. 2004;76:174-183.
doi: 10.1002/jnr.20035.

Lepore A.C., Han S.S., Tyler-Polsz C.J., Cai J., Rao
M.S., Fischer 1. Differentialfate of multipotentandline-
age-restrictedneuralprecursorsfollowingtransplantati-
onintotheadult CNS. NeuronGliaBiol. 2004;1:113-126.
doi: 10.1017/S1740925X04000213.

Chrostek M.R., Fellows E.G., Guo W.L., Swanson WJ,,
Crane A.T,, Cheeran M.C., Low W.C,, Grande A.W.
Efficacy of Cell-BasedTherapiesforTraumatic Brain
Injuries. Brain Sci. 2019;9:270. doi: 10.3390/brains-
€i9100270.

Riess P, Zhang C., Saatman K.E., Laurer H.L., Lon-
ghi L.G., Raghupathi R., Lenzlinger PM., Lifshitz J.,
Boockvar J., Neugebauer E., et al. TransplantedNeu-
ralStemCellsSurvive, Differentiate, andImproveNeuro-
logical Motor FunctionafterExperimental Traumatic
Brain Injury. Neurosurgery. 2002;51:1043-1054. doi:
10.1097/00006123-200210000-00035.

Shear D.A., Tate M.C., Archer D.R., Hoffman S.W,
Hulce V.D,, LaPlaca M.C,, Stein D.G. Neuralprogenitor-
celltransplantspromotelong-termfunctionalrecoveryaf-
tertraumaticbraininjury. Brain Res. 2004;1026:11-22.
doi: 10.1016/j.brainres.2004.07.087.

Wennersten A., Meijer X., Holmin S., Wahlberg L.,
Mathiesen T. Proliferation, migration, anddifferentiati-
on of humanneuralstem/progenitorcellsaftertransplan-
tationinto a rat model of traumaticbraininjury. J. Neuro-
surg. 2004;100:88-96. doi: 10.3171/jns.2004.100.1.0088.

Haus D.L., Lopez-Velazquez L., Gold E.M., Cunnin-
gham K.M., Perez H., Anderson A.J., Cummings B.J.
Transplantation of humanneuralstemcellsrestores-
cognition in an immunodeficientrodent model of tra-
umaticbraininjury. Exp. Neurol. 2016;281:1-16. doi:
10.1016/j.expneurol.2016.04.008.

Harting M.T., Sloan L.E., Jimenez E, Baumgartner J.,
Cox C.S., Jr. Subacuteneuralstemcelltherapyfortrau-
maticbraininjury. J. Surg. Res. 2009;153:188-194. doi:
10.1016/j.jss.2008.03.037.

Yan Z.-]., Zhang P., Hu Y.-Q., Zhang H.-T., Hong S.-Q,,
Zhou H.-L., Zhang M.-Y., Xu R.-X. NeuralStem-Like-
CellsDerivedfrom Human AmnionTissueareEffective

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

in TreatingTraumatic Brain Injury in Rat. Neurochem.
Res.  2013;38:1022-1033. doi: 10.1007/s11064-013-

1012-5.

Xiong L.-L., Hu Y., Zhang P, Zhang Z., Li L.-H.,
Gao G.-D., Zhou X.-E, Wang T.-H. NeuralStem Cell
TransplantationPromotesFunctionalRecoveryfromT-
raumatic Brain Injuryvia Brain DerivedNeurotrop-
hicFactor-MediatedNeuroplasticity. Mol.  Neurobiol.
2018;55:2696-2711. doi: 10.1007/s12035-017-0551-1.

Philips M.E, Mattiasson G., Wieloch T., Bjérklund A.,
Johansson B.B., Tomasevic G., Martinez-Serrano A.,
Lenzlinger P.M.,, Sinson G., Grady M.S., et al. Neuropro-
tectiveandbehavioralefficacy of nervegrowthfactor—
Transfectedhippocampalprogenitorcelltransplantsaf-
terexperimentaltraumaticbraininjury. J.  Neurosurg.
2001;94:765-774. doi: 10.3171/jns.2001.94.5.0765

Bakshi A., Shimizu S., Keck C.A., Cho S., Lebold D.G.,
Morales D., Arenas E., Snyder E.Y., Watson D.J., McIn-
tosh T.K. Neuralprogenitorcellsengineeredtosecrete
GDNF showenhancedsurvival, neuronaldifferentiati-
onandimprovecognitivefunctionfollowingtraumaticb-
raininjury. Eur. J. Neurosci. 2006;23:2119-2134. doi:
10.1111/j.1460-9568.2006.04743.x.

Riess P, Molcanyi M., Bentz K., Maegele M., Simanski

C., Carlitscheck C., Schneider A., Hescheler J., Bouillon
B., Schifer U, et al. EmbryonicStem Cell Transplan-
tationafterExperimentalTraumatic Brain InjuryDra-
maticallyImprovesNeurologicalOutcome, But May
CauseTumors. J. Neurotrauma. 2007;24:216-225. doi:
10.1089/neu.2006.0141. Erratum in 2007, 24, 433.
Takahashi K., Yamanaka S. Induction of PluripotentS-
temCellsfrom Mouse EmbryonicandAdult Fibroblast
CulturesbyDefinedFactors. Cell. 2006;126:663-676. doi:
10.1016/j.cell.2006.07.024.
Takahashi K., Tanabe K., Ohnuki M., Narita M., Ichisaka
T., Tomoda K., Yamanaka S. Induction of pluripotents-
temcellsfromadulthumanfibroblastsbydefinedfactors.
Cell. 2007;131:861-872. doi: 10.1016/j.cell.2007.11.019.
Wang P,, Zhang H.L., Li W,, Sha H., Xu C,, Yao L., Tang
Q., Tang H., Chen L., Zhu ]. Generation of Patient-Spe-
cificinducedNeuronalCells Using a Direct Reprog-
rammingStrategy. StemCells Dev. 2014;23:16-23. doi:
10.1089/s¢d.2013.0131.

Dunkerson J., Moritz K.E., Young J., Pionk T., Fink K.,
Rossignol J., Dunbar G., Smith J.S. Combiningenriche-
denvironmentandinducedpluripotentstemcelltherap-
yresults in improvedcognitiveand motor functionfol-
lowingtraumaticbraininjury. Restor. Neurol. Neurosci.
2014;32:675-687. doi: 10.3233/RNN-140408.

Tang H., Sha H., Sun H., Wu X,, Xie L., Wang P,, Xu
C,, Larsen C., Zhang H.L., Gong Y., et al. TrackingIn-
ducedPluripotentStemCells-DerivedNeuralStemCells
in the Central NervousSystem of RatsandMonkeys.
Cell. Reprogramming. 2013;15:435-442. doi: 10.1089/
cell.2012.0081.

Dominici M., Le Blanc K., Mueller L., Slaper-Cortenbach
I., Marini E, Krause D., Deans R., Keating A., Prockop
D., Horwitz E. Minimal criteriafordefiningmultipotent-
mesenchymalstromalcells. The International Societ-



COCUK NOROLOJISI PRATIGINDE KOK HUCRE MULTIDISIPLINER YAKLASIM

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

yfor Cellular Therapypositionstatement. Cytotherapy.
2006;8:315-317. doi: 10.1080/14653240600855905.
Bianco P, Robey P.G., Simmons P.J. Mesenchymalstem-
cells: Revisitinghistory, concepts, andassays. Cell Stem
Cell. 2008;2:313-319. doi: 10.1016/j.stem.2008.03.002.
Pachon-Pena G., Yu G., Tucker A., Wu X., Vendrell J.,
Bunnell B.A., Gimble J.M. Stromalstemcellsfromadi-
posetissueand bone marrow of age-matchedfemaledo-
norsdisplaydistinctimmunophenotypicprofiles. J. Cell
Physiol. 2011;226:843-851. doi: 10.1002/jcp.22408.

Talwadekar M.D., Kale V.P,, Limaye L.S. Placenta-de-
rivedmesenchymalstemcellspossessbetterimmunoregu-
latorypropertiescomparedtotheircord-derivedcounter-
parts-a pairedsamplestudy. Sci. Rep. 2015;5:15784. doi:
10.1038/srep15784.

Gala K., Burdzinska A., Idziak M., Makula J., Paczek L.
Characterization of bone-marrow-derivedratmesench-
ymalstemcellsdepending on donor age. Cell Biol. Int.
2011;35:1055-1062. doi: 10.1042/CBI20100586.

Joyce N., Annett G., Wirthlin L., Olson S., Bauer G.,
Nolta J.A. Mesenchymalstemcellsforthetreatment of
neurodegenerativedisease. Regen. Med. 2010;5:933—
946. doi: 10.2217/rme.10.72.

Azizi S.A., Stokes D., Augelli B.J., DiGirolamo C., Pro-
ckop D.J. Engraftmentandmigration of human bone
marrowstromalcellsimplanted in thebrains of albino
rats—Similaritiestoastrocytegrafts. Proc. Natl. Acad. Sci.
USA. 1998;95:3908-3913. doi: 10.1073/pnas.95.7.3908.
Galindo L.T., Filippo T.R., Semedo P, Ariza C.B., Mo-
reira C.M., Camara N.O., Porcionatto M.A. Mesenchy-
malstemcelltherapymodulatestheinflammatoryrespon-
se in experimentaltraumaticbraininjury. Neurol. Res.
Int. 2011;2011:564089. doi: 10.1155/2011/564089.

Kim H.-J.,, Lee J.-H., Kim S.-H. Therapeuticeffects of
humanmesenchymalstemcells on traumaticbraininjury
in rats: Secretion of neurotrophicfactorsandinhibition
of apoptosis. . Neurotrauma. 2010;27:131-138. doi:
10.1089/neu.2008.0818.

Opydo-Chanek M. Bone marrowstromalcells in trau-

maticbraininjury (TBI) therapy: True perspectiveorfal-
sehope? ActaNeurobiol. Exp. 2007;67:187.
Gonzalez ML.E., Martin E.E., Anwar T., Arellano-Gar-
cia C., Medhora N, Lama A., Chen Y.-C., Tanager K.S.,
Yoon E., Kidwell K.M. Mesenchymalstemcell-induced
DDR2 mediatesstromal-breastcancerinteractionsand-
metastasisgrowth. Cell Rep. 2017;18:1215-1228. doi:
10.1016/j.celrep.2016.12.079.

Huang J., Basu S., Zhao X., Chien S., Fang M., Oehler
V., Appelbaum F, Becker P. Mesenchymalstromalcells-
derivedfromacutemyeloidleukemia bone marrowexhi-
bitaberrantcytogeneticsandcytokineelaboration. Blood
Cancer J. 2015;5:€302. doi: 10.1038/bcj.2015.17.

He L., Zhao E, Zheng Y., Wan Y., Song J. Loss of in-
teractionsbetween p53 andsurvivin gene in mesench-
ymalstemcellsafterspontaneoustransformation in vitro.
Int. J. Biochem. Cell Biol. 2016;75:74-84. doi: 10.1016/j.
biocel.2016.03.018.

Sahin E. ,Baycu C. , Koparal A. , Donmez D. , Bektur
N. MEZENSIMAL KOK HUCRE SITOKINLERININ

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

KANSER HUCRELERI UZERINE OLUMSUZ ETKi-
LERI / THE ADVERSE EFFECTS OF MESENCHY-
MAL STEM CELL CYTOKINES ON THE CANCER
CELLS. Osmangazi Tip Dergisi. 2015; 37(3): 7-12
Meyerrose T., Olson S., Pontow S., Kalomoiris S., Jung
Y., Annett G., Bauer G., Nolta J.A. Mesenchymalstem-
cellsforthesustained in vivodelivery of bioactivefactors.
Adv. DrugDeliv. Rev. 2010;62:1167-1174. doi: 10.1016/j.
addr.2010.09.013.

Mahmood A., Lu D., Chopp M. Intravenousadmi-
nistration of marrowstromalcells (MSCs) increasest-
heexpression of growthfactors in ratbrainaftertrau-
maticbraininjury. J. Neurotrauma. 2004;21:33-39. doi:
10.1089/089771504772695922.

Mahmood A., Lu D., Lu M., Chopp M. Treatment
of traumaticbraininjury in adultratswithintravenou-
sadministration of human bone marrowstromalcel-
Is. Neurosurgery. 2003;53:697-702. doi: 10.1227/01.
NEU.0000079333.61863.AA.

Mahmood A., Lu D., Qu C., Goussev A., Chopp M.
Long-termrecoveryafter bone marrowstromalcelltre-
atment of traumaticbraininjury in rats. J. Neurosurg.
2006;104:272-277. doi: 10.3171/jns.2006.104.2.272.
Dekmak A., Mantash S., Shaito A., Toutonji A., Rama-

dan N., Ghazale H., Kassem N., Darwish H., Zibara K.
Stemcellsandcombinationtherapyforthetreatment  of
traumaticbraininjury. Behav. Brain Res. 2018;340:49—
62. doi: 10.1016/j.bbr.2016.12.039.
Chang C.P, Chio C.C., Cheong C.U., Chao C.M., Cheng
B.C., Lin M.T. Hypoxicpreconditioningenhancesthet-
herapeuticpotential of thesecretomefromculturedhu-
manmesenchymalstemcells in experimentaltrauma-
ticbraininjury. Clin. Sci. (Lond.) 2013;124:165-176. doi:
10.1042/CS20120226.

Zhang Z.X., Guan LX. Zhang K., Zhang Q. Dai
LJ. A combinedprocedureto deliver autologous-
mesenchymalstromalcellstopatientswithtrauma-
ticbraininjury. Cytotherapy. 2008;10:134-139. doi:
10.1080/14653240701883061

Walker PA., Shah SK., Harting M.T., Cox C.S,, Jr.
Progenitorcelltherapiesfortraumaticbraininjury: ~ Bar-
riersandopportunities in translation. Dis. Model Mech.
2009;2:23-38. doi: 10.1242/dmm.001198.

Zhang R., Liu Y., Yan K., Chen L., Chen X.R,, Li P,
Chen EE, Jiang X.D. Anti-inflammatoryandimmuno-
modulatorymechanisms of mesenchymalstemcellt-
ransplantation in experimentaltraumaticbraininjury. J.
Neuroinflammation. 2013;10:106. doi: 10.1186/1742-
2094-10-106.

Lin C.-H., Lin W,, Su Y.-C., Cheng-Yo Hsuan Y., Chen
Y.-C., Chang C.-P,, Chou W,, Lin K.-C. Modulation
of parietalcytokineandchemokine gene profilesby-
mesenchymalstemcell as a basisforneurotraumareco-
very. J. Formos. Med. Assoc. 2019;118:1661-1673. doi:
10.1016/j.jfma.2019.01.008.

Adugna, DagnewGetnet et al. “Therapeutic Application
of StemCells in theRepair of Traumatic Brain Injury”
Stemcellsandcloning :advancesandapplications vol. 15
53-61. 13 Jul. 2022, doi:10.2147/SCCAA.S369577



Travmatik Beyin Hasari ve K&k Hticre Tedavisi

279

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Grady M.S., Charleston J.S., Maris D., Witgen B.M,,
Lifshitz J. Neuronalandglialcellnumber in thehip-
pocampusafterexperimentaltraumaticbraininjury:
Analysis bystereologicalestimation. J. Neurotrauma.
2003;20:929-941. doi: 10.1089/089771503770195786.
Shahror R.A., Linares G.R., Wang Y., Hsueh S.C., Wu
C.C., Chuang D.M., Chiang Y.H., Chen K.Y. Transplan-
tation of  MesenchymalStemCellsOverexpressing
Fibroblast GrowthFactor 21 FacilitatesCognitiveReco-
veryandEnhancesNeurogenesis in a Mouse Model of
Traumatic Brain Injury. J. Neurotrauma. 2020;37:14-26.
doi: 10.1089/neu.2019.6422.

Ibrahim S., Hu W., Wang X., Gao X., He C., Chen J.

Traumatic Brain InjuryCausesAberrant Migration of
Adult-BornNeurons in theHippocampus. Sci. Rep.
2016;6:21793. doi: 10.1038/srep21793.
Chen J., Hu J, Liu H., Xiong Y., Zou Y., Huang W,
Shao M., Wu J., Yu L., Wang X,, et al. FGF21 Prote-
ctsthe Blood-Brain BarrierbyUpregulatingPPARgam-
mavia FGFR1/beta-klothoafterTraumatic Brain Injury.
J. Neurotrauma. 2018;35:2091-2103. doi: 10.1089/
neu.2017.5271

Munoz J.R., Stoutenger B.R., Robinson A.P, Spees
J.L., Prockop D.J. Human stem/progenitorcellsfrom
bone marrowpromoteneurogenesis of endogenous-
neuralstemcells in thehippocampus of mice. Proc. Natl.
Acad. Sci. USA. 2005;102:18171-18176. doi: 10.1073/
pnas.0508945102.

Lu D., Mahmood A., Wang L., Li Y., Lu M., Chopp
M. Adult bone marrowstromalcellsadministeredint-
ravenouslytoratsaftertraumaticbraininjurymigratein-
tobrainandimproveneurologicaloutcome. Neuroreport.
2001;12:559-563. doi: 10.1097/00001756-200103050-
00025.

Mahmood A., Lu D., Wang L., Li Y., Lu M., Chopp M.

Treatment of traumaticbraininjury in femaleratswit-
hintravenousadministration of bone marrowstromal-
cells. Neurosurgery. 2001;49:1196-1204.
Jackson J.S., Golding J.P., Chapon C., Jones W.A., Bha-
koo K.K. Homing of stemcellstosites of inflammatoryb-
raininjuryafterintracerebralandintravenousadministra-
tion: A longitudinalimagingstudy. Stem Cell Res. Ther.
2010;1:17. doi: 10.1186/scrt17.

Chapel A., Bertho J.M., Bensidhoum M., Fouillard L.,
Young R.G., Frick J., Demarquay C., Cuvelier E,, Mathieu
E., Trompier E, et al. Mesenchymalstemcellshometoin-
juredtissueswhenco-infusedwithhematopoieticcellstot-
reat a radiation-inducedmulti-organ failuresyndrome.
J. Gene Med. 2003;5:1028-1038. doi: 10.1002/jgm.452.

Devine S.M., Cobbs C., Jennings M., Bartholomew
A., Hoffman R. Mesenchymalstemcellsdistributeto a
widerange of tissuesfollowingsystemicinfusioninto-
nonhumanprimates. Blood. 2003;101:2999-3001. doi:
10.1182/blood-2002-06-1830
Kraitchman D.L., Tatsumi M., Gilson W.D., Ishimori
T., Kedziorek D., Walczak P., Segars W.P,, Chen H.H.,
Fritzges D., Izbudak I., et al. Dynamiclmaging of Al-
logeneicMesenchymalStemCellsTraffickingtoMyocar-
diallnfarction. Circulation. 2005;112:1451-1461. doi:

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

10.1161/CIRCULATIONAHA.105.537480.

Jin S.-Z., Liu B.-R,, Xu J., Gao E-L., Hu Z.-]., Wang
X.-H., Pei F-H., Hong Y., Hu H.-Y.,, Han M.-Z. Exvi-
vo-expanded bone marrowstemcellshometothelive-
randamelioratefunctionalrecovery in a mouse model
of acutehepaticinjury. HepatobiliaryPancreaticDis. Int.
2012;11:66-73. doi: 10.1016/S1499-3872(11)60127-6.

Steingen C., Brenig F., Baumgartner L., Schmidt J.,
Schmidt A., Bloch W. Characterization of keymecha-
nisms in transmigrationandinvasion of mesenchymals-
temcells. J. Mol. Cell Cardiol. 2008;44:1072-1084. doi:
10.1016/j.yjmcc.2008.03.010.

Chamberlain G., Wright K., Rot A., Ashton B., Middle-
ton J. Murinemesenchymalstemcellsexhibit a restricted-
repertoire of functionalchemokinereceptors: Compari-
sonwithhuman. PLoS ONE. 2008;3:€2934. doi: 10.1371/
journal.pone.0002934
Ponte A.L., Marais E., Gallay N., Langonné A., Delorme
B., Hérault O., Charbord P, Domenech J. The in vitro
migrationcapacity of human bone marrowmesenchy-
malstemcells: Aomparison of chemokineandgrowth-
factorchemotacticactivities. StemCells. 2007;25:1737—-
1745. doi: 10.1634/stemcells.2007-0054.

Chamberlain G., Smith H., Rainger G.E., Middleton
J.  Mesenchymalstemcellsexhibitfirmadhesion, craw-
ling, spreadingandtransmigrationacrossaorticendot-
helialcells: Effects of chemokinesandshear. PLoS ONE.
2011;6:€25663. doi: 10.1371/journal.pone.0025663.

De Becker A., Van Hummelen P, Bakkus M., Van-
deBroek I., De Wever J., De Waele M., Van Riet I.
Migration of culture-expandedhumanmesenchymals-
temcellsthrough bone marrowendothelium is regula-
tedbymatrix metalloproteinase-2 andtissueinhibitor of
metalloproteinase-3. Haematologica. 2007;92:440-449.
doi: 10.3324/haematol.10475.

Menge T., Zhao Y., Zhao J., Wataha K., Gerber M.,
Zhang J., Letourneau P, Redell J., Shen L., Wang J., et
al.  Mesenchymalstemcellsregulateblood-brainbarrie-
rintegritythrough TIMP3 releaseaftertraumaticbrainin-
jury. Sci. Transl. Med. 2012;4:161ral50. doi: 10.1126/
scitranslmed.3004660.

Lee R.H., Pulin A.A., Seo M.]., Kota D.J., Ylostalo J., Lar-
son B.L., Semprun-Prieto L., Delafontaine P., Prockop
D.J. IntravenoushMSCsimprovemyocardialinfarction
in micebecausecellsembolized in lungareactivatedto-
secretethe anti-inflammatory protein TSG-6. Cell Stem
Cell. 2009;5:54-63. doi: 10.1016/j.stem.2009.05.003.
Pelttari K, Steck E, Richer W, et al. Theuse of mesenchy-
malstemcellsforchondrogenesis; Injury. Int. J. CareInju-
red. 2008;39S1: 58-65.

Hsieh JY, Fu YS, Chang SJ, Tsuang YH, Wang HW. Fun-
ctionalmoduleanalysisrevealsdifferentialosteogenican-
dstemnesspotentials in humanmesenchymalstemcells-
from bone marrowandWharton’sjelly of umbilicalcord.
StemCells Dev. 2010;19:1895-1910.

Fong CY, Chak LL, Biswas A, Tan JH, Gauthaman K,
Chan WK, Bongso A. Human Whartonsjellystemcell-
shaveuniquetranscriptomeprofilescomparedtohuma-
nembryonicstemcellsandothermesenchymalstemcells.



COCUK NOROLOJISI PRATIGINDE KOK HUCRE MULTIDISIPLINER YAKLASIM

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Stem Cell Rev. 2011;7:1-16.
Troyer DL, Weiss ML. Whartonsjelly-derivedcell-
sare a primitivestromalcellpopulation. StemCells.
2008;26:591-599.
91. Zanier E.R., Montinaro M., Vigano M., Villa P, Fu-
magalli S., Pischiutta E, Longhi L., Leoni M.L., Rebul-
la P, Stocchetti N., et al. Human umbilicalcordblood-
mesenchymalstemcellsprotectmicebrainaftertrauma*.
Crit. CareMed. 2011;39:2501-2510. doi: 10.1097/CCM.
0b013e31822629ba.
92.LuD.,Sanberg PR., Mahmood A.,LiY., Wang L., San-
chez-Ramos J., Chopp M. Intravenousadministration
of humanumbilicalcordbloodreducesneurologicaldefi-
cit in therataftertraumaticbraininjury. Cell Transplant.
2002;11:275-281. doi: 10.3727/096020198389924.
Hong S.Q., Zhang H.T., You J., Zhang M.Y,, Cai Y.Q,,
Jiang X.D., Xu R.X. Comparison of transdifferenti-
atedand un-transdifferentiatedhumanumbilicalme-
senchymalstemcells in ratsaftertraumaticbraininjury.
Neurochem. Res. 2011;36:2391-2400. doi: 10.1007/
s11064-011-0567-2.

Yuan Y., Pan S., Sun Z., Dan Q,, Liu J. Brain-derived-
neurotrophicfactor-modifiedumbilicalcordmesench-
ymalstemcelltransplantationimprovesneurologicalde-
ficits in ratswithtraumaticbraininjury. Int. J. Neurosci.
2014;124:524-531. doi: 10.3109/00207454.2013.859144.
Xiao J., Nan Z., Motooka Y., Low W.C. Transplantati-
on of a Novel Cell LinePopulation of UmbilicalCord
Blood StemCellsAmelioratesNeurologicalDeficitsAs-
sociatedwithIschemic Brain Injury. StemCells Dev.
2005;14:722-733. doi: 10.1089/sc¢d.2005.14.722.

Stone L.L.H.,, Xiao F, Rotschafer J., Nan Z., Juliano M.,
Sanberg C.D., Sanberg P.R., Kuzmin-Nichols N., Gran-
de A., Cheeran M.C.-],, et al. Amelioration of Ischemic
Brain Injury in Ratswith Human UmbilicalCord Blo-
od StemCells: Mechanisms of Action. Cell Transplant.
2016;25:1473-1488. doi: 10.3727/096368916X691277.
James S, Fox ], Afsari E, et al. Multiparameteranalysis of
human bone marrowstromalcellsidentifiesdistinctim-
munomodulatoryanddifferentiation-competentsubty-
pes. Stem Cell Reports. 2015;4(6):1004-1015.
Bao C, Wang Y, Min H, et al. Combination of gin-
senoside Rgl and bone marrowmesenchymalstem-
celltransplantation in thetreatment of cerebralische-
miareperfusioninjury in rats. Cell PhysiolBiochem.
2015;37(3):901-910.

Parekkadan B, Milwid JM. Mesenchymalstemcells as
therapeutics. AnnuRevBiomedEng. 2010;12:87-117.
Malgieri A, Kantzari E, Patrizi MP, Gambardella S.
Bone marrowandumbilicalcordbloodhumanmesench-
ymalstemcells: state of the art. Int ] ClinExpMedicine.
2010;3(4):248-269.
Tse WT, Pendleton JD, Beyer WM, Egalka MC, Guinan
EC. Suppression of allogeneic T-cellproliferationbyhu-
manmarrowstromalcells: implications in transplantati-
on. Transplantation. 2003;75(3):389-397.

13. Fouillard L, Chapel A, Bories D, et al. Infusion of
allogeneic-related HLA mismatchedmesenchymals-

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

temcellsforthetreatment of incompleteengraftmentfol-
lowingautologoushaematopoieticstemcelltransplantati-
on. Leukemia. 2007;21(3):568-570.

NandoeTewarie RD, Hurtado A, Levi AD, Grotenhu-
is JA, Oudega M. Bone marrowstromalcellsforrepa-
ir of the spinal cord: towardsclinicalapplication. Cell
Transplant. 2006;15(7):563-577.

Lengel, Dana et al. “Stem Cell TherapyforPediatricT-
raumatic Brain Injury” Frontiers in neurology vol. 11
601286. 2 Dec. 2020, doi:10.3389/fneur.2020.601286
Tang Y, Zhang C, Wang J, Lin X, Zhang L, Yang Y, et
al. MRI/SPECT/FluorescentTri-Modal ProbeforEvalu-
atingtheHomingandTherapeuticEfficacy of Transplan-
tedMesenchymalStemCells in a RatIschemicStroke
Model. AdvFunct Mater. 2015;25(7):1024-34. 10.1002/
adfm.201402930

Kawabori, Masahito et al. “ClinicalTrials of Stem Cell
TherapyforCerebrallschemicStroke.” International jour-
nal of molecularsciences vol. 21,19 7380. 6 Oct. 2020,
d0i:10.3390/ijms21197380

Kota DJ, DiCarlo B, Hetz RA, Smith P, Cox CS Jr., Ol-
son SD. Differential MSC activationleadstodistinct-
mononuclearleukocytebindingmechanisms. ~ SciRep.
2014;4:4565Epub 2014/04/03. 10.1038/srep04565

Hass R, Kasper C, B6hm S, Jacobs R. Differentpopulati-
onsandsources of humanmesenchymalstemcells (MSC):
a comparison of adultand neonatal tissue-derived MSC.
Cell CommunicationandSignaling. 2011;9(1):12

Bunnell B, Flaat M, Gagliardi C, Patel B, Ripoll C. Adi-
pose-derivedstemcells: isolation, expansion, anddif-
ferentiation. Methods 2008;45(2):115-20. 10.1016/j.
ymeth.2008.03.006

Gimble ], Guilak E Adipose-derivedadultstem-
cells:  isolation, characterization, anddifferenti-
ationpotential. Cytotherapy. 2003;5(5):362-9.
10.1080/14653240310003026

Kim J, Lee S, Chu K, Jung K, Song E, Kim §, et al. Sys-
temictransplantation of humanadiposestemcellsattenu-
atedcerebralinflammationanddegeneration in a hemor-
rhagicstroke model. Brain Research. 2007;1183:43-50.
10.1016/j.brainres.2007.09.005

Kang S, Shin M, Jung J, Kim Y, Kim C. Autologousa-
diposetissue-derivedstromalcellsfortreatment of spinal
cordinjury. StemCells Dev. 2006;15(4):583-94. 10.1089/
$¢d.2006.15.583

Kang S, Lee D, Bae Y, Kim H, Baik S, Jung J. Improve-
ment of neurologicaldeficitsbyintracerebraltransplanta-
tion of humanadiposetissue-derivedstromalcellsafterce-
rebralischemia in rats. ExpNeurol. 2003;183(2):355-66.
10.1016/s0014-4886(03)00089-x



