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Abstract

ABSTRACT

Purpose: Mesenchymal stem cell (MSC)-based therapy has been proposed as a
therapeutic strategy for ocular surface diseases over a decade. Previous studies mainly
focused on their therapeutic effects on corneal wound healing, while the fate of MSCs
and their effect on the local microenvironment remains unknown. In this study, we used
rat models to investigate the survival, migration, proliferation, differentiation and
paracrine functions of human umbilical cord mesenchymal stem cells, as well as their
impact on the limbal microenvironment after limbal injection. Further more, we
observed the effect of MSCs injection on limbal wound healing.

Material and methods: MSCs were isolated from neonatal umbilical cord by
collagenase and hyaluronidase digestion and characterized by flow cytometry. Sprague-
Dawley rats were subjected to MSCs subconjunctival injection close to the limbal area.
For each rat, the right eye was injected with 2X10° MSCs suspended in DMEM, and
the left eye was administered an equal amount of DMEM as control. On the 3%, 6 9™
and 12" day after injection, the rats were examined under slit-lamp microscope to
evaluate the conjunctival edema and hyperemia. After that the rats were sacrificed,
double-immunofluorescence was performed to investigate the expression of Vimentin,
a-SMA and Ki-67. TUNEL assay was performed to evaluate cell apoptosis. CD11b or
CD45 positive cells in conjunctiva were quantified by flow cytometry. Furthermore,
Real-Time PCR, ELISA or Western blot was applied to detect cytokines, collagens and
Notch and BMP signaling pathway related proteins. In order to investigate the fate of
MSCs and their injection related changes in the local microenvironment in rats with
different immune status, the X-ray exposed rats and nude rats were subjected to MSCs
limbal injection. On the 3™, 6™ 9" and 12 day after injection, the rats were examined
under slit-lamp microscope. After that, the rat were sacrificed, and immunostaining,
TUNEL and Real-Time PCR was examined as above. In order to confirm the

therapeutic effect of MSCs for corneal wound healing, limbal stem cell deficiency
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model was established and subjected to MSCs limbal injection. On the 3%, 6, 9" and
12 day after injection, the corneal epithelium defect, conjunctival hyperemia and
neovascularization was evaluated.

Results: MSCs were isolated according to their ability to adhere to cell culture plastic
plates. Flow cytometry analysis results met the basic criterion. At the injection site, rat
conjunctiva showed mild hyperemia on day 6 and vanished gradually. HE staining
showed that limbal cell mass gradually reduced, with a small amount of immune cell
infiltration and conjunctival epithelial hyperplasia of the injection area. All the injected
cells remained in the same region as they had originally been engrafted, and none of
them could be detected in the injured cornea and other tissues, suggesting no cell
migration. The majority of MSCs survived till day 6 after injection. However, the cell
mass gradually decreased, and disappeared on day 9 after injection. Using human
specific vimentin as a marker, we could observe quite a few Ki67 positive cells
surrounding the vimentin+ cell mass, while the Ki67 positive cells were undetectable
within the injected cell mass. Immuno-staining against a-SMA was negative from day
3 to day 12. In addition, K14 expression in limbal basal epithelium was stronger on day
3 to day 6 than control group. TUNEL positive cells were present in the injected cell
mass and reduced gradually. Compared with the control eyes, the quantities of CD11b+
and CD45+ cells were increased slightly in the injected eyes, which gradually reduced
to normal basal levels on day 12. The mRNA expression levels of pro-inflammatory
and anti-inflammatory factors were both up-regulated. The expression of growth factors
such as KGF, EGF, SDF-1a, collagen, Notchl, HES-1 and BMP4 increased on day 3
and day 6 after injection. ELISA and Western blot results also supported the Real- Time
PCR results. For the X-ray exposed rat and nude rat, the conjunctiva showed no
hyperemia at the injection site. Double immunofluorescent staining against vimentin
and Ki67 showed that there were Ki67 positive cells surrounding the vimentin positive
cell mass, though no Ki67 positive cells inside the cell mass. Vimentin positive cells
vanished on day 9 in X-ray exposed rat and dayl2 in nude rat. The mRNA expression

level of inflammatory factors increased slightly in X-ray exposed rats with MSCs
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injection, while no difference between nude rats with or without MSCs injection. The
expression of growth factors and collagen is up-regulated dramatically in X-ray
exposed rats and nude rats with MSCs injection. For limbal injury rats, the recovery of
the corneal surface was significantly faster in the MSC group than control group on day
2 after limbal injection. Compared to the control group, there was 1~2mm corneal
neovascularization after MSCs injection. On day 4, corneal epithelium was completely
healed and the new blood vessels were regressed.

Conclusions: MSCs could survive for 9 to 12 days after limbal injection and gradually
eliminated from the injection site without cell migration, proliferation and
differentiation. The microenvironment was altered through paracrine function, slight
inflammatory stimulus and the activation of Notch and BMP signaling pathways. MSCs

may promote corneal epithelial wound healing through modulation of limbal niche.



H %

H3&x
FRSTIEE ..ooeecercreresenesesesessesssssassessssssssssssssssassssssesssasesssasssssasssssssssaes I
ABSTRACT ..aeeeieereeencceneeeesccssesessesssssssssssssssssssssssssssssssssssssssssssssssssssssse 111
E TR eeeeeerrnnenrennseesseesseesssesssesssesssassssssssesssesssessssssssssssessasssssssssessassnsosasses A" |
TADIE Of COMNLEILS ..u.oveeeeeeeeeeeereneereeneereseecesssecsssessesssssssssssssescsssssnssnsessene IX
BB D cooeeeeeeeeeeseesesessensensenssnsssssssssassasenssnssnstasasets e s ssssssssasssases 1
1B R R IR . . .. 1
Lo 1o 1 MSC BRI L IRUE oottt 1
Lo 122 MSC I3 AT B oo e et 1
Lo 1.3 MSC BT ettt 1
Lo 1o 4 MSC B AR I R et et en e 2
Lo 105 MSC EJEEE TR e, 2
Lo 1.6 MSC FEIBRTC e 2
1.2 ERBRTHRATAEEENHRHR ... 3
1. 2.1 MSC ZEBRRHETT TN 7725 oo 3
1. 2.2 MSC BIEE M AEFH oot 3
1. 2.3 MSC T A E et 5
1.2.4 MSC VAT A LB FEIVEFH oo 6
1.2.5 MSC ZEFMEAS I A IVE T oo, 6
1.2.6 MSC G B B FEAE oo 7
1. 3. FBEGBIRE (Niche) ..t e 8
1.4 B I R . o e 8
1.5 A L THRMIMENGERNERSEMERL . ... 9
15 1 A R T4 B MR B AR Y B oo 9
L5, 2 FFE b R F AR BRI BE AR ML oo 9
1.6 EFRR TN AES T HES AEERIFENEm . ... 10
B =0 A 10
1 B R R . 11
L. 8. 1 MSC B B I 0 T e, 11
1. 8.2 MSC 75K B A MRS BR 45 I 13 3 I () fim i SOt A I A SR R 52 ..., 11
1. 8.3 AMEZERG B N IESS MSC (it B AR SOH AE M TE B, 12
B B S R S 753 e esseesesssssssassssassssssassssnssssasassasasens 13
2.1 SR 13
e L L B T ettt 13
2 L2 SEIE TN oo 13



2. 1.3 BB ZEIRT G FERL oo 13
20 1ed TP et 15
2 LB TR RS ettt 16
2. 106 TETEVETIIC A oo r e, 17
2.2 S AT 23
2.2.1 NI 1A 78 T 20 A (MSC) JEAR A ARARIE TR o, 23
2. 2.2 J A MACEE B T FE T T e 24
2.2.3 IEH SD R ERG B N IES T FE AL e, 24
2. 2.4 FAMEGAGA K R ERGE I R VRS TR ZE BT e, 25
2. 2.5 KB IR IR IKIE T BT 23 et 26
20200 HE ZETE oottt et 26
2. 2. T AIE TG, (RUFEZETE) oottt 27
2.2.8 YAMPAT St (TUNEL 4etf+Vimentin XUE L) e 28
2.2.9 VEHE KRR 45 29 RE R BRI ARAI AT I oo 29
2.2.10 ZEBEZHZ mRNA FOFRE S AE T e, 30
2.2.11 SERFEH PCR (Real=Time PCR) oo 32
2.2, 12 BEEAEITESZIR oottt e, 32
2 20 13 ELTSA ettt 36
= — R = o 40
3.1 ABFHEIFER T4 (MSC) HIERBEFRSARNELEE. ...t 40
3.1 1 JEAREETE MSC TEZEMEEL .ot s e eeee e 40
3. 1.2 JEAREETE HUMSC I B T8 ettt 41
3.2 NSCEEREXRABREKERE T IFHENHE ... 41
3.2.1 MSC 7E1EH K R ARSI VRS E R R e, 41
3. 2.2 MSC 7E1EH K RA IR EE B T VRS E BB D e, 42
3. 2.3 MSC 7E1EH A S AR ERGE B T VRS BIAEIE ST e, 43
3. 2.4 MSC 1EIEH KB B ERGE I NI G B R Dl 45
3.3 MSC ZEIEEE X R AMRGIKEE T I8 XA EALR R AEERIFEAZ
................................................................. 46
3.3. 1 MSC 7 1E 5 K B A R BR G5 BT VR 5 5 X S5 88 R BRI e 46
3. 3.2 MSC 75 1EH K B I BR 45 B Ry 5 J5 X A IR IR 47
3.3. 3 MSC B IEH K R A B ER2h LT V3 0 J5 5l L e S 2 2 A 38 ... 49
3. 3.4 MSC 7F 1E K BR A B BR &5 JE Ry 5 /5 51k 28 S 40 i (0929 B 4% 0 IR -1
PRI TR ettt e e et r e reeean. 50
3. 3.5 MSC 7F 1 K BR A IR BR &5 I8 33 5 /5 10 55 20 WA 4 i R 8 s 0 43 s .
LU TR T ZRIE T EEZR e e e 53
3. 3.6 MSC 7E 1EH K Sl A B BR 45 5T v 5 TR 4 M 2 2 R 3Rk 4 %% ....... 55
3. 3.7 MSC 7F 1E 7 K B A B BR &5 T 3 5 J Rt R 2H 24 Notch J2 BMP {55
T B BT ettt ettt nenas 57
3.4 FRIGEKRETHARIN AEEHREE T IHIOMSCHRM. ......... 58
3.4.1 MSC 7 X 2R HE I KRR A K B B sk 2 J R 3 1 ) 1 R 3R B A HE 4
Bl ettt ettt ettt ettt et ettt et en e eana 58
3.4.2 NMSC 7E X Z&HE 5 K B AR B Bk 2 JBE 1 3 3 J5 % J) Bl AL 4R ) s i

Vi



................................................................................................... 59
3. 4.3 MSC 7E X & 8 B K B A AR B A I BRE5 IR T vE 5T Ja 51 S 1 53 358 48 [
TR et e et e e e et s e e e e e e s e e e et e e e s s e e s e s e e s s e e r e erereneenen. 61
3.4.4 MSC 7E X 2R 8 8 KBRS AR R A B Bk 468 I VR 5 I )3 38 4 i 2 27
R TR T 2RI TR e s s 62
3.4.5 MSC 7E X 2R 8 & K B SR LA B Bk 468 I VR 5 I )3 38 5 i 2 27
RS BT EBLZE ettt et ettt e et eennaes 63
3.5 ABRGIKEIRT I8 NSC (RiFAXRAESRGEEN EREERMENE
B . e 64
BBTUEE T30 cuoveeeeeeeeeeeesessnsnsessssssssassssssssassssssssssasssssssensessssssnsassaonsentasssnsens 66
4 IMSC SREAIIE R . ..ot 67
4.2NMSC O BEIEAMA EREEIERRE ..., 67
4. 3 L R E R B . . ... 68
4.4 MSC ATk E T B B IE. . e 69
4.4.1 MSC G ER 5 I RV G AT TE oo 69
4. 4.2 MSC fPEZEERGE I RVES G IIIERE oo, 70
4.4.3 MSC ARG ER G B N VEST B AT oot 71
4.4.4 MSC FMRGERGE I RVERTFE AT I3 et 71
4. 5MSC ARG IKEIR T IS EN ARSI ENRM. .................. 72
4.5.1 MSC fAEZBREE I N VES G SR AT R IE Y v 72
4. 5.2 MSC ff & BR ek J5 R VRS 5 10 55 70 WAE F RSO0 FE Rl ZH R s .. 73
4. 5.3 MSC ff 245 BN v 5t 5 51 A 45 i Notch & BMP {5 Sl 2% ........... 74
4, 6NMSC ARG IKGERE T ISR RE EREERFEMERR........... 75
B T B B Nl R LR eeeeeeeeeeresesesessssssasassssssasasessssssnsasssssnsasesssssasnsssens 76
B TTHR voveveeriveisisesessesssasassssssssnssssssssasessssssssassssssssnsassssssssassssssssssnsssnas 77
BEI o vueeeeeeenesceenensessssnsnsessssnsnsessssnsssnsssssnsasssssssssassssssssnsnssssssnsnsasessssasnsnnas 85

Vil



Table of Contents

Table of Contents
ADStract in ChiNESe.......ccoevvueieccsssrnnneccssssnneecssssnssessssssssssssssssssssssssssssssssss I
DAL R 0 T ) 00 17 | I
Table of Contents in ChiNESE ........eeeieeivvenriccsssnnricssssnnnricssssnnnnecscsnsanasees VI
Table of Contents in English ........eciiciivneeiiiiisnnnniicnsssnnnicisnsncosncossncaneees IX
Chapter 1 INTroducCtion .......ccccceceeeeiccssssnnseccssssssesscsesassesossscnsssssssssssssssssss 1
1.1 The introduction of mesenchymal stem cells(MSC). .................... 1
1.1.1 The concept and the source 0Of MISC ........c.oooiiiiieiiiieiiiiiecie e 1
1.1.2 The differentiated potential of MSC .......cciiiiiiiiiiniiiiieeeee e 1
1.1.3 The immunological characteristics Of MSC.........cccoviininiiniiniiiineeeeee 1
1.1.4 The primary culture of MSC.......coooiiiiiiioiieie it 2
1.1.5 The identification Of MISC .......ccooiiiiiiiiiiiieeeeee e 2
1.1.6 The tag Of MISC ..ottt sttt et et 2
1.2 The deveolpment of MSC used in the ocular surface reconstruction reserach
.................................................................. 3
1.2.1 The methods of MSC treatment in ophthalmology ..........cccceceevieniiiiiieniiieeeee. 3
1.2.2 The transdifferentiation of MISC ........cccoiiiiiiiiiiiiieeee e 3
1.2.3 The anti-inflammatory effect of MISC ......cooiuiiiiiiiiieieeeeeee e 5
1.2.4 The effect of MSC 0N neovascularization.............ccuveeeveeeeveeeeeeeeereeesereeeereeesveeeennens 6
1.2.5 The effect of MSC on corneal wound healing MSC..........c..cccoeviiiiiiiiiieniieene, 6
1.2.6 MSC and organ transplantation ..............cceecueeriieriieriienieeniiesie e eee e 7
1.3 Limbal stem cell niche . . ........... .. ... . . 8
1.4 The limbal stem cell diseases . . ... ......... ... ... . i, 8
1.5 The in vivo reconstruction and the in vitro mimic of the limbal stem cell niche
.................................................................. 9
1.5.1The in vivo reconstruction of limbal stem cell niche ............ccccccoeriiiinnienennn. 9
1.5.2The in vitro mimic of limbal stem cell niche.............cccocoveviiiriiiiiiini 9
1.6 The affect of MSC on limbal stem cell niche ........................ 10
1.7 The significance of MSCresearch. . ................ ... .. o i, 10
1.8 The research strategy. .. ....... ... ... ittt 11
1.8.1 The isolation,culture and identification of MSC...........cccceeiveiiiiiiiiiiieieeeieeee, 11
1.8.2 The fate of MSC and the affect on limbal stem cell niche afterMSC limbal
111} (511510 ) T TSP S RPN 11
1.8.3 The promotion of epithelial healing and neovascularization after MSC limbal
111} (511510 ) TSP RURSRRR 12



Table of Contents

Chapter Two Materials and methods............eeieeinevnrieccccsnnrecsscsnneecsen 13
20 Materials . ... ... e 13
2.1.1 The umbilical COTd .....ccciiiiiiiiiiiiiiieeeeee e 13
2.1.2 Laboratory animals .........cccccccveeriieeiiieeiiieeieeeeeeeeireeeiee e reeesveeesreeesaeeenaaeeens 13
2.1.3 Regents and consumptive materialS..........ccccoeevuieriiiiiienieeiiieniecieeeee e 13
2.1.4 ANHDOAIES  ...eouiiiiieiieieeit ettt ettt 15
2.1.5 EQUIPIMENL....ooiiiiiiiiiieeiieiie ettt ettt ettt et siteete e st e esbeessaeenseessaeenseesnneenseens 16
2.1.6 The preparation Of TEZENLS .......cceeeiieriieeiieiieeieeiteeie et et e ere e e seee e e e ens 17
2.2 MEtROAS..uucueeneeneenennennensnennesanesnessnsssnesaesssessnessessnsssssssesssessasssessaessssssnsssasssesassnie 23
2.2.1 The primary culture and passage of MSC .......cccovviiiiininiiniieit i 23
2.2.2 The identification of MSC by flow cytometry analysis .........ccccccocvviiienerennn. 24
2.2.3 The MSC limbal injection in normal 1ats  .......cccceevuerieneiiienienieiiceeeeeeeen 24
2.2.4 The MSC limbal injection in rats with limbal stem cell injury ...........c..c......... 25
2.2.5 The preparation of rat eye balls frozen SECtion.........ccccecveriieriinienienenieneeeee, 26
2.2.6 HE StAININE....cuiiiiiiiiiiiiieiie ettt ettt ettt e et a e eseesaaeenbeesnseenseans 26
2.2.7.Double immunofluorescence Staining ............cccoeeeeiiieiiiienieenieeneesieenieesveeenens 27
2. 2.8 TUNEL ...ttt ettt sttt ettt et sbe et st esae e 28
2.2.9 Flow cytometry analysis of inflammtory factors in conjunctival tissues after
MSC IMDBAL INJECHION ...ieuiiieiiieiieeiieiie ettt sttt e ete et e taeeteesareeseeseneenseesnneans 29
2.2.10 RNA isolation, reverse transcription and quantitative real time PCR of
CONJUNCEIVA TISSUES ..veuvteeuiieereeiiesiteiiteinereeteesheeanseessseeseessseesseessseenseessseenseesssesseessseenne 30
2.2.11 Real-Time PCR ..ottt 31
2.2.12 WESETN IOt ...ttt e 32
2203 ELISA Lottt ettt ettt 36
Chapter Three ReESUILS .........evevrnrernnsnnnsnsnsnsnsnsnsasasasasssssasasasasasssssasasasasases 40
3.1 The primary culture of MSC and the identificaion by flow cytometry .......... 40
3.1.1 The morphology of primary cultured MSC .........ccoooiiiiiiiiiiiieeeeeceee 40
3.1.2 Flow cytometry analysis of primary cultured MSC...........cccceeviriininninieninnens 41
3.2 The fate of MSC after injected into normal rats subconjuctiva . ......... 41
3.2.1 The morphology of ocular surface and HE staining of normal rats after MSC
HMDBAL INJECTION ...eeniiieiiieciie ettt ettt e ete et eenbeessaesnseesnneens 41

3.2.2 The proliferation of MSC after limbal injection in normal SD rat

.................................................................................................................................. 42
3.2.3 The survival and migration of MSC after limbal injection in normal rat

.................................................................................................................................. 43
3.2.4 The differentiation of MSC after limbal injection in normal rat

.................................................................................................................................. 45
3.3 The affect of MSC on perienchyma and limbal stem cell niche after limbal
injectionin normalrat. .. ... ... .. ... 46
3.3.1 The affect of MSC on conjunctival epithelium after limbal injection in normal
TAL oottt ettt e b e ettt a bt e bt e et e e bt e e et e bt e te e bt e eateenaeeeneens 46



Table of Contents

3.3.2 The affect of MSC on limbal epithelium after limbal injection in normal rat...47
3.3.3 The affect of MSC on the proliferation of native conjunctival stroma cells after
limbal injection N NOTMAL TAL.......c..coovvirririirecere st 49

3.3.4 Flow cytometry analysis of infiltrated inflammatory cells in local conjunctiva

after limbal injection in normal rat..............ooiiiiii i 50
3.3.5 The paracrine function of MSC and the change of growth factors in surrounding
native conjunctival tissues after limbal injection in normal rats.......................... 53
3.3.6 The change of collagen expression in the conjuntival tissues of normal rats after
MSC limbal InJection MSC .......ooiiiiiiiieeiieeie ettt et et e b 55
3.3.7 The activation of Notch and BMP signaling pathways after MSC limbal

111} (511510 ) T O OSSPSR 57
3.4 The response of MSC limbal injection in rats under different inflammatory
SIEUAtIONS .. ... . e e 58

3.4.1 The morphology of ocular surface and HE staining of X-ray exposed and nude

rats after MSC limbal Injection............oiuiiiiiiii i e 58
3.4.2 The affect of MSC on surrounding native tissues after limbal injection ............ 59
3.4.3 The stimulation of inflammatory effect atter MSC limbal injection .................. 60
3.4.4 The change of growth factors level in the conjunctival tissues of X-ray exposed
and nude rats after MSC limbal injection  ........ccccccevviieiieeiiienieeiieeeeere e 61
3.4.5 The change of collagen expression in the conjuntival tissues of X-ray exposed
and nude rats after MSC limbal injeCtion ...........ccoeviiriiieniieiieieeieeeeeee e 63
3.5 The epithelial wound healing and neovascularization after MSC limbal
injection in rats with limbal stem cell deficiency . ........................ 64
Chapter Four DiSCUSSION.....ccccrivverieicssssnrecsssssnssesssssssssssssssssssssssssnsssssssns 66
4.1 The selection of MSC source ............. .0, 67
4.2 The choose of MSC isolation and identificaion methods. ............... 67
4.3 The choose of experimental animals and animal models. ............... 68
4.4 The fate of MSC after limbal injection ............................. 69
4.4.1 The survival of MSC after limbal injection  .........cccocceeviieiiinieeiienie e 69
4.4.2 The migration of MSC after limbal injection ...........cccceevevieieniiininnenieneeene 70
4.4.3 The proliferation of MSC after limbal injection...........cccocceeeviienieenienieeiiieens 70
4.4 .4 The differentiation of MSC after limbal injection ..........cc.cceeveerieerienieeniiennens 70
4.5 The affect of MSC on limbal stem cell niche after limbal injection ..... 71
4.5.1 The stimulation of inflammatory effect after limbal injection ....................... 71
4.5.2 The affect of MSC on paracrine function and surrounding native tissues after
IMDAL INJECTION ...ttt ettt ettt testeesaeeebeeseaesnseesnneens 73
4.5.3 The change of Notch and BMP signaling pathways after MSC limbal injection...
................................................................................................................................... 74
4.6 The promotion of wound healing and neovascularization of corneal
epithelium after MSC limbal injection ................. ... ... ... ..... 75
Chapter FIVe SUMMALY ....ueeeicirirsnreccsssssnseccsssnssessssssssssssssssssssssssssssssssss 76



Table of Contents

RETEIEIICE. u.veeuereeeeereeneeerenecereeeersaecessesssssssssssssssssssssssessssssssssssesssssssssssssss 77

Acknowledegement........coeeeviiiiiiinniiiiinnnriicsennsiccsennssscsssnnnnse 85

Xl



*’F
Ul
I
i

1.1 B R FRAA

1.1.1 MSC BY#E 2 A Skils
(8] 785 T4 i (mesenchymal stem cells, MSC) J&—FRIFETHREREAE

H R T RE 7 B e T BRI () AT A TR R A2 AR AE T ]
FRBAL A, Horb g5 ILK, R AR 2 OB BB, i A FCRBA IR
WA, Bz AN T2 AR A ), AN A, g F e, A A
B, A RED 1O, DU R 25 U2 ek 43 88 H ] 7 540 A
1.1.2 MSC IS 1LiERE

MSC BAFHMmE o brigae, BT HRA THRE, 1EMRI AN
LA 300 A 2 Pl ) 78 S 2 2 ), G T . e B R ZULA
MY FAFREY, £, 07540 L 5 ) AR = K F 1
YL, WSRIETAMNEZ DR bR, RS, MARMALE, RETN
WEZMIRFAEZHSY, B, /N gisns 17,
1.1.3 MSC %45t

MSC BA& A i, AN BT MSC 7EJCATA Fl U L 40k
R IX FEASUHE PR 1 K505 (MHC 1D, ARIE 2Ll 7,
41 CD40, CD40L, B71, B72Ul. fHA{RSNLEGRY], ¥ MSC R & 7E 7k 40 /i
LR, BT E v 5T MSC RiA 1) MHCH 431, 5K I 4%&
e, HARIRG AN N gt CD40, CD40L, B71, B72 SELHI#EF )5,
RBETRE I E » FE7n MSC IR S S5 1 AT RES5 MHCs 701 KL 7%
IETER, M5 MSC X G5 20 P B0 AR P R 73 WA AH DG IR - T8 1 e S 40t
WA K. WAZNYSEIIG LAY I HLA G438 B0 =4 kIR MSC
BN IG, REA SRR, HAERE EKBRESE T AR A, 42
7~ MSC BRI BAGR G i e, HARRRIE e ki, 54 MSC 43
A A 2SR U R DT B S A S, AR R AR e SR N, £5 B RTIR,
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