EBXBREER (EFEWR) | 1409

Vol.39 No.12 Dec. 2019
o7 RoL2 Hee JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

W& - IHRIF T

B &5 Rt 3L IR A IR VT A% AR R R 7S R 48 40 AR R 77 R B KT 3k
MR Mr{E

iR& ", B B B IS, RBEEC, E B°, B, ERE
L kSR, il i 200025, 2, b5 kBB F B, i 200127

[FEZ ] BB - TR ERE 2 S8R 4 (magnetic resonance imaging, MRI) £ FFAil 50 A5G 5 1l 72 440/ (human
adipose-derived mesenchymal progenitor cells, haMPCs) &7 &% R BCR M., HiE - *F 22 BIEE 1 £ 2 ik %4 T haMPCs
BT, MR 27 REALD Ak, PR 3 AN, TEIRIT T IRYT G 5 48 JE 43 BIAT 1A 97 IR 56 17 HEAT P 22 g K 27 i 2 o Th g
B R LT R IE % (Western Ontario and McMaster Universities Osteoarthritis Index, WOMAC) 4> fifk & £ &%k MRI Hi##% (3D-
SPGR, T2-mapping, T2*-mapping, Tlp-mapping #1 DWI), WEIFIZFKIGITHIE Zik# WOMAC PF4>, BRI, T2 {8, T2* {4,
Tip {85 R i Z%E (apparent diffusion coefficient, ADC) &, L4RIATT G KA IR 4 X Se P A f bR stk 458 - 18 %2
WA SER T WOMAC $43 Je 2 IR MRLK &, 09T 5, BRECERBUN, Bl 2% WOMAC 4y, T2 A, T2*fH. Tlp fHM& ADC
S5 ET R REES (P<0.05), BARABITAIG LR E/R: WOMAC P4, T2* M5 & T1 p HAE 3 A7 20 35 w] UL 5 251k o
45 (P<0.05); T2 fHAEH . wFflae o] W 2k ds (P<0.05); ADC IEAXAE mFl bl &k B AL (P=0.026) ; 1K E AR BUR WL IE
FHAEM (P>0.05), HFBHRBLRER: BITRIS GRS EEEESR (P>0.05); HI7 EIGEHEAH 5075 4 b Z ik E R
Tip HFMERZEES (P=0.012), it - Z2B80H MRI AL 550 8% 7] F PPl haMPCs #6975 61T RIZBOR, R8BI PEAG v]
fe U,
[R8EIA ] MR s b IRAg s I sE U 4N MR
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Value of multi-parameter magnetic resonance imaging of cartilage in evaluating efficacy of adipose-
derived mesenchymal progenitor cells on knee osteoarthritis

RUAN Jing-jing"?, LU Qing®, TANG Hui’, ZHU Zhen-ya’, FAN Yu’, ZHAO Xin-xin?, NIU Xiao-yin'
1. Shanghai Jiao Tong University School of Medicine, Shanghai Institute of Immunology, Shanghai 200025, China; 2. Department of Radiology, Renji Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai 200127, China

[Abstract] Objective - To analyze the value of multi-parametric magnetic resonance imaging (MRI) of knee cartilage in evaluating the efficacy of
allogeneic human adipose-derived mesenchymal progenitor cells (haMPCs) on the treatment of osteoarthritis. Methods - Twenty-two patients with knee
osteoarthritis were treated with haMPCs and randomly divided into three dose groups, low, medium and high, according to the medication dose. Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score and carotid multi-parametric MRI scans which include 3D-SPGR, T2-mapping,
T2*-mapping, T1p-mapping and DWI were performed before and after 48 weeks’ treatment. The WOMAC score, cartilage volume, T2 value, T2* value,
T1p value and apparent diffusion coefficient (ADC) value were recorded. The index changes and the inter-group differences were compared. Results - A
total of 18 candidates completed the WOMAC score evaluations and MRI examinations twice. After treatment, except for cartilage volume, WOMAC
score, T2 value, T2* value, T1p value and ADC value of all subjects were significantly different from those before treatment (P<0.05). WOMAC score,
T2* value and T1p value were significantly changed in all groups (P<0.05), and T2 value was significantly changed in the medium dose group and high
dose group (P<0.05). ADC value was significantly changed in the high dose group (P=0.026) while there was no significant changes in cartilage volume
(P>0.05). The inter-group comparisons showed that there was no significant difference before treatment (P>0.05), but there was a significant difference of
T1p in cartilage between the high-dose group and the low-dose group (P=0.012) after treatment. Conclusion - Multi-parametric cartilage MRI can be used
to evaluate the efficacy of haMPCs treatment on osteoarthritis, which may be more sensitive than cartilage volume assessment.
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JEE 32 & (knee osteoarthritis, KOA) J&— i I
B MERATYERR, £ & TR 2Rk, BT %W, 60
ZUA LRI NEEF KOA B3k 50%, 75 % LA E ARt &
1K 80% ; Hllm RAER EHRBD L, B, ihahikik
K, ABRA TRIANAS R R BE AR ER R AE,  Bikik 53%,
RGHRTT LA Sttt . Wy BRI R IETT S, (RS IRPT
A RRAE—E R R MR, (E AR KOA Hyi
g B, SHRETHIRTT 5 ok ik Sl i KOA g
RS R AU AR R TR

ATFFE Y F WY, et 3 W M P i S O D )
i fH 40 M (adipose-derived mesenchymal progenitor cells,
AD-MPCs) . H 55 MR 7c B T4 (autologous bone
marrow-derived mesenchymal stem cells, BM-MSCs) '),
T g W5 R 1] 75 5T 48 g (adipose-derived mesenchymal
stem cells, AD-MSCs) % #5456 Vi A BRI E A
TEM. HHFFOIT 800F 06 2 2R 1 3 5l X 28 B 1wl Sk 4z
KN wmm A
S5k, X BTy ik BRI W . T &4 2 e, i
Xt AR B A I AL ER 25 ey TR B B oy ) e A8 Te Tk kA E = TF
fiti, DAL Z PP AG ok, W5 RIE R CE R E A
—%.

MRIUFRF UG HH TG, mao B, 2285
1£ KOA W5t bk Rtk 2 S E M, it MRIERE g, =]
X RATHCR A TR, JE AT A R HCR oy 2R TR
PERAR , TERCR IR AR A DT Al v R 45 A R i T SR VR
XKLL G H AL AE YA RS BE B (spoiled gradient recalled
echo, SPGR), T2-mapping, Tlp-mapping, T2*-mapping
DL K o Eom A 5% 1% (diffusion weighted imaging, DWI),
T MRS E IR (cartilage volume, CV) skt
P FE S HCR aiiE s L i (extracellular matrix, ECM)
1 4% e 3¢ B (glycosaminoglycan, GAG) FJik it £ 4k ]
2%, T2-mapping £ A FIH 2 B B €751 w7 & A [F 24
LRV PR T St RN D, )42 B S A Nk B R, Tlp-
mapping AR e N 180° ekl , Z24piE it [AIAER f5
T e BT, RO T GAG FR 5 e S AR
6 B Bk ECM A iy 454 S b5 1k . T2*-mapping B %
BT 22 B R ] D Y TEORR A% R R A T2 st PR N U], sl
M SRS i AN 2 S PR A 2R 0 22 Sk S S Y -2 21
LA AE AL, DWI MIE i i N 22 />4 FCRBOs i 2 R PR fili 4
H ECM Koy s s IR 0L,  ROBeies A ECM /)45 4y
RAEREDL Y, H AR R B A £ PR R IR AR
HIREST, AHAEPER R FE R T4002 (mesenchymal stem cells,
MSCs ) EE S HE PRI ETEAE . AU %

B 1§ (magnetic resonance imaging, MRI)
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W CV il K A sy £ 2% MRT R (T2-mapping,
Tlp-mapping, T2*-mapping Jz DWI), 245 7 H 7E PF i
il I 5 & AD-MPCs f& & KOA 52 1R & K & J7 28 i 19
friE.

1 HBREHE

L1 RSOk

AP E R T — TR . BCERY 1/ 11 a ]
I RIS, I BRI SE 524 NCT02641860, [ 5% TAE
fi FE % A &5 %5 25 CMR-20161214-1004, A5 T
B B s fibifl, 4550y 22 4 KOA =i # ¥ 5 &R il
BRI E TmERES, a8 ER LT
52 T e PN S [ SR N DR M5 ) 78 A 4. (human
adipose-derived mesenchymal progenitor cells, haMPCs),
B 7 48 JE. R P % K& K 7 F1 22 o B T e K 7 %
R 8 % (Western Ontario and McMaster Universities
Osteoarthritis Index, WOMAC) J&JF &= 7€ [0 &, *F KOA
FrE ™ M R SRR ™ BRI TP A

WG FHEERbRIE AN T . ASARE: OEXTTIRE
Wiske = 6 4~ A, H <10 45, @MU 19745 AL e AL
PE4> (visual analog scale, VAS ) =34y, H <84 (X%
BRI E A IR K 2 %0 3 d) . @ UKL
X &2 1R 5 B i) Kellgren-Lawrence P45y < IV, @ fg
W5 A T4, HEERbRiE: OZIXE AR FEHRE (body mass
index, BMI) >30, @ & Jf4 & VSR 5T RECE
W, RTERE S BRUCERE. M ARIERE, RAEMERT
o, R SKBRIPEIARZE, WEMEE R (& ReE) . i
RIRPER TN, YR 2. PP/RFE (Charcot) 3¢
. BRI R . W IEPCE RN, OfENFSIT
AT 4 JEN, Bk B A BE SRR R R A G
T @ EMFRIFAART 3 N AN, BABA ™ ER 4L ST
G R RN JRERERYe, OTEWFISITAGTHET 6 T~ HIN, 5%
TS B A S AB AR IR R IR R BRI T A 8
R EN ST IRE T R, ©ZIREA T
PEMhIRE A S St M PhRERE G . @2 I3 B A MRI G & 4k
Ik,

1.2 pEsEveit

it 22 5115 A AR 57 Pk haMPCs {141 (AlloJoin”)
Sy oy M ARHI AL (45 3 mL EGHE & 1> 107 448
M), sl Edl (B 3 mLFEGHES 2 10 40i) Fies
G2 (5 3 mL {EGHEE 5 < 107 i) o AL 1 ik
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FAIEEA haMPCs {E5HK 2 &, {ESFRIFE 3 &, XHAT A
SEREALE IS RT 1 BN BE T BT £ 240 MRI
IR VE AR S s, FETESTE 48 JE PR ET 2 24 MRI
AN E A A SRR 2 R BHE

1.3 MRI ¥4

P A SRS 2 280 MRI ¥R R — & 3.0T
W 3t % B 1% {X (Signa, GE Medical Systems) F1 8 il
BT, OFMAME Al KR TIWL (TR/
TE. 560 ms/10.2 ms). PDWI (TR/TE. 2 260 ms/30 ms)
T2WI/ g5t (TR/TE: 2 600 ms/68 ms) . R i T2WI1/
N G # il (TR/TE: 2 600 ms/68 ms) Fl14#% W7 1l T2WI/ ig
i#ml (TR/TE: 2 600 ms/68 ms), LA k& 51 3= 2 H

Tt KOA 15 OL3EATPFAl . @ 3K H £ 240 MRI 34l /741

3D KEAPCAIRE BE [|1 9 (3D spoiled gradient recalled echo,
3D-SPGR) ., Tlp-mapping. T2-mapping, T2*-mapping FlI
DWI, {E Tlp-mapping 434#i)571Hr, SR 2 W1 A g =ik
Feall,  E e B E bk o IR E >4 500 Hz, {5 A (] [a] 35 ik
Al (10 ms/20 ms/30 ms/50 ms) [ MRI{ZS 58 B Hedi
7E 7 226 7] =10 ms/20 ms/30 ms/50 ms, T2-mapping 41
Z¥r. TR=1 125ms, TEI=7.6 ms, ATE=6ms, [a ¥ /X
% =8, FOV=160 mm x 160 mm, 4[4 4332 =320% 192,
BE =4mm, BE% =16, T2*-mapping 3 6 K%, 3
i 2% TR=60 ms, TE1=6.8 ms, ATE=6.8 ms, [&jkk
=8, B fE =15, FOV=180 mm x 180 mm, % [%
Sy PR =384 %320, EE =12mm, E% =128, DWI }(
PR 1 T BT TH AR AR, 24 : TR=4 550 ms,
TE=80 ms, FOV=200 mm x200 mm, 4E [& 43 ¥ =
=110x 110, EJE =5mm, =% =20, &£ 2/ b (H ik
frad, 4r %1% 0 s/mm’ F1 500 s/mm’, {5 52 F ) kA
41K,

L4 PEAk %

1.4.1 IR WOMAC P4y RH WOMAC PEsride, M
PR . RRERIOCTT TR 3 A 05 K PRI S T £ A4 Fi 2h
RE, T8 B O REVIEAIERFEAE, LARETE AU
HEE, ARERERERITFS.

1.4.2 MRIPFEF575  gREURE 2 28 MRI BHR G, K
BIT MM SS TR o 5 Bk AT irfl (B 1), B RE
N ] 1 (medial femoral condyle, MF) . 4} {l] # (lateral
femoral condyle, LF), N{l|#8 (medial tibia, MT) 4}
24 (lateral tibia, LT) FlfEg (patella, P), 45 Hidk
11 CV &R B-H L 2 SR T o
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MT LT

1 BXTHRESXREE

Fig 1 Schematic diagram of knee joint cartilage

(1) CV Ml {1 ITK-SNAP %X f}: /£ 3D-SPGR J
B 1B BT a8 ) w4 oy KL S, 46 MF, LF, MT,
LT, P &5y KR, RIaiHRH CV (& 2),

2 ITK-SNAP 545 B B R AR EREE
Fig 2 Segmentation of cartilage by ITK-SNAP software and diagram of volume
calculation

(2) TENAL Sy £ 24 K T2-mapping, T2*-
mapping. T1p-mapping F1 DWI % J5- 41| MRI [& {% {% % GE
a AR IE RO BE T AERS (Version AW4.6), {8 FHAH 1o Ji5 b £t
By BB E & X T2 {A, T2* {H, Tlp { R KM
¥ % 50 {H (apparent diffusion coefficient, ADC) Yl
i, DI A AR 40 X ) |V R/ R BRI = A 76
—5, Ko X G TR TR O o X R IE AV E A i G
MAE.

LS GEilEorbr

PR B 2 28 MR KR ¥ 2 2 B A B kTR
RIZWT R W B T AE A FNIB TR 2 AL DL T 247 80E I
5N, MEZRABIERER, EREFFI x5 &
e PR, L ARSI R R BRI T RTEPCE MRI %24
RS R IERE Dt R P R o [=R=p N @ 1D/ 2 ot 31 i X ) S 4
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B BMRMIEZ > A, MR HIBCH A% & AR IEZ
oy, WERMFFSERAMRYSE. @, . (AR A R LR
RSB AT, P ARG R AR ALY . R SPSS
17.0 GETt oy i e AT B Al B, B 25 kP 24 0.05,

2 &R

2.1 A F2EREAR

WS —T LG, BEHL. WE KIS, 1
I A 22 G121, ol el sl 7 B, vl
8 G FI A s 2H 7 i, 3 /5504 2 K A AR . BMIL,
ke LA, 22 R GE i R L (P=0.773, P=0.054,
P=0.112); 3 #4 [a] Kellgren-Lawrence 2y Lbix, ZRTLH
H¥E L (P=1.000) (1),

1 WRIER RN T HHE

Tab 1 Demographic characteristics of subjects

L7 mAlEAl (N=7)  rhilEdl (N=8) (Il (N=7)
EWE /Y 57.20+5.61 57.30+7.84 59.29+4.14
43 /n

ik 7 6 6

Bk 0 2 1
BMI/ (kg/m®) 24.51+2.49 26.69 £2.63 27.77+1.93
miE/H 41.71+36.70 80.12+25.21 62.63 +£38.11
X % Kellgren-
Lawrence 548 /n

0% 0 0 0

14 0 0 0

Il %% 3 4 3

|4 4 4 4

V&% 0 0 0

2.2 SZidf B2 SRR MRI K4
Al RIRGE S5 R I, 4 G152 1 Bl g & i R A

%3 ARFRLLGITHTG WOMAC $£4) S 815 MRI $EA 1% B
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WEgE, Horbansladl 1 Glct, s | e 1)
e, AR 1 B PER G e N 18 i, % 5l
g 6 B, 18 FIZIREHTER T 2 IRIESETT MRIAG AL,
PR i e g W] CAEAT DA o

2.3 Y WOMAC P4y B8k MRI PF4%

18 ] KOA 52X # haMPCs {1 5H{A7T il i WOMAC
Wor. OV KB By 2 2 BORB IR (T2 (A, T2*
f. Tip{f. ADC{H ) &R W 3% 2. 5iR )T 6 M tL,
B CV b, It & U i 45 b 39 BB T B A 3 o
(P<0.01),

42 18 1 KOA Zik#iA97 Hi 5 % 37 i diehtty & 1t

Tab 2 Changes in evaluation indexes of 18 KOA subjects before and after treatment

bUIE=€ =273 Rl BTG P
WOMAC 42.94416.42 25.00+ 14.26 0.000
CV/ (x 10° mm’) 31.44+5.58 31.52+5.83 0.781
T2 /ms 42.01+4.49 38.86+2.81 0.000
T2* /ms 24.24+2.24 22.48+1.52 0.000
Tlp/ms 39.73+2.97 37.98+2.61 0.000
ADC/ ( x 10 mm’/s) 1.56+0.12 1.44+0.12 0.000

2.4 ARFHEEIF TG WOMAC ¥4y B gk MRI PEAG

5oL

w3 A R 2 41 KOA %% K % haMPCs {E
SHEIRTT Bl Jg WOMAC PRy, CV K 8B B4 % 2 508
BRI EELE R WZEK 3, 5iITaisEtL, 1897 48 FJE 34
Fil & 52FH WOMAC 14y ¥ B 2 AL (P<0.05); 34
FIRAIATT R JG CV R W B &2 (P>0.05); {AIT Hi
Jei, BRACHISALN, Hofth 2 41 T2 (B35 0] W2 35 P ok 3
(P<0.05) 5 T2* f& Je Tlp {EAE 3 AFl w3 m] Wi 25 M i
3 (P<0.05); Br@fmlsdish, Hih 2 4 ADC (A4 E
£ (P>0.05),

Tab 3 Evaluations of WOMAC score and cartilage MRI before and after treatment in different dose groups

i rh {72
B AHR

97 il HIT IR PfE 97 il HITIE Pfd 9T il HITIE Pii
WOMAC 38.83+£12.61 24.33+12.88 0.026 43.83+16.22 23.17+12.89 0.004 46.17+21.48  27.50+18.64 0.049
CV/ (%10’ mm’) 27.86+5.69 28.07£5.87 0.599 34.65+4.67 34.87+4.99 0.758 31.82+4.87 31.61+£5.24 0.514
T2 /ms 42.12+4.13 39.65+3.37 0.003 40.16+2.60 37.21+1.73 0.003 43.77+6.09 39.73+2.78 0.075
T2* /ms 41.55+2.86 38.82+2.11 0.002 39.30+2.01 37.48+1.93 0.002 38.91+£3.24 37.94+3.13 0.038
Tlp/ms 23.43+2.30 21.77+1.41 0.011 2422+2.18 22.60+1.77 0.012 25.11+£2.32 23.09+1.27 0.012
ADC/ (% 10~ mm’/s) 1.53+£0.10 1.37+0.08 0.026 1.59+0.15 1.52+0.11 0.112 1.56+0.12 1.42+0.14 0.052
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2.5 AFFREALNIEIF T WOMAC R4y Ko ki MRI PE - % 4 165755 AS R G T 51 P A b 1) B0 DR 3 0

Tab 4 Single factor analysis on the evaluation indexes of knee cartilage in different

iR 2 5 dose groups before and after treatment
KOA % Wk % i I7 i 5, @, . IE# w4l 2 i - i i
WOMAC 5y . CV RAREHAL RSy £ BHOR G EEL  womac
B4, A ARET EZoWERT R, FERITE Tlp BT R 0.477 0.629
[H1E 3 U2 MAFEZES (F=6310, P=0.012), ifif{tiF TR 0322 0.729
Ak EITT HR T B EEE R (P>0.05), # %5  ov
Wi, Tlp (E LR & AR SR AI R 2 A7 6 B T 2,680 0.101
S (P=0.004), TfifEAlEa 5hHEal (P=0.129) & TR 0.257 0.777
R GITH L (P=0.056) 2R EXER, T2
0. 58 % B2 IR E B2 RIRIATTRG, AMEE (i 0.656 0332
LF #cf Tlp (. T2, ADC IS B FIe, fommtk ™70 03 000
ECM ity ks & WA SR & B, SO st —
N 1RYTE 0.775 0.477
EREBE (H3). ‘
1RIT I 0.222 0.804
T1p
TRITHI 1.684 0.224
BT e 6.310 0.012
ADC
TRYTHIT 0.292 0.750
1RIT e 0.956 0.407

H: AL B Tlp hR2 B R AR LF 8EHRITHT (A) 25 36.51 ms, TS (B) 243430 ms; C, D. T2-mapping {42 E/RIGITHT (C) 24 37.05 ms, &7 fE (D) 2
33.79 ms; E. F.ADC (A RaITHT (E) b 1.19x 107 mmYs, J457)5 (F) 25 1.08 x 107 mm's, i Jor e LF &g

3 KOA Zik# A AR AR LF 408 MR &S # i
Fig 3 Pseudo-color map of MRI assessment on the LF cartilage of a KOA patient’s left knee

3 itig E RUETET T B RIS (L 7, A Auretio 48 i T2-
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff mapping A E B IFE T 5k MSCs {97 HY KOA ZiX# Kk

MRUAH £ 700, 275 SBBORGUSALHE IR ITE s Jo %" @it o5y i MRIBFGE T 5% %
AL, L B AT R ORI QI ik, IRIATESE MSCs MUk %, RECAH BRI/, IR A
MM JATTIIAh, MRUBOR CHR T Bl AARR 05 S 3T BEVP A5 ¥ Folix 2 " il i 7
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MRI ;AR e e 1 B A BCR AT, Hix 2eh R AR
Sk haMPCs &5 6 g P IO ETEATE S, AMFE T
FeHT CV S B 5y £ 2% MRI B f% (T2-mapping, Tlp-
mapping, T2*-mapping J DWI), 4347 Tix£E MRI B {5 R
FEPEG 544 haMPCs {25 KOA SR & T 80h (e

AHFZEH, 1k BIEIT G IEE WOMAC ¥4y . 3%
Fefk, KI5 haMPCs (89T J5 Xk B85 17—
ERREEE, Rl RERS S —EREEMR. 2
S TR A N S 2 AN (8, BL4E T2 A, Tlp fA.
T2* {Ef1 ADC A, TEIRITRIE & AE B FAL, XfHFT
KOA %ZiX#% WOMAC I R P4y k35, Rl 26 BYRTT
Ja R IR T B FTRE A BB (L, (HAEIR
TG, %% R#% CV REERERE, —Hmafeah T
AR/, BEVG A, CV R s 55— 75 m ik
W T R R, EHSR S AL RERT CV
I3, ABFIE R £ 25 MRIERB AR 8 AR K e wif
fli TR AR L% A8k, i haMPCs % KOA
ZREFRNTRE B ERE, KRR AR TENRTT
SRR PR T, Rt — 25 AR I R K VS LT Rk
haMPCs 47 KOA /BT PEfE A — &858 L.

TR R 70% ~ 80% [ A F11 20% ~ 30% 1 [
& ECM 4 )k, ifi ECM =32y 2 ([ 5. GAG Fin I e
AL, X B LR 5y Aok oy THRAE T — S BREE SR
i, AT W, ECM sy & BRI S8 Tlp (A
Ft i s Tsushima %5 " IE 95 % B L PEAR G M, ABFZR
W, 3AFIEA Tlp HIRYT G WEFEAL, LU T41E
A[RE(E ECM & i, #cl T2 {E N5 R & &
WD EAE Sk BN 5, T2 (H T2y &k &R JE
Bl Ji S R 21 96 75 T P 2T, i A A g e O e D il
PR B AN P Bk s e S5 T2 (HIE K, 1E IR 5%
TECE R, T2 (EER T & A 2 R 2 B S A, A
5 A8 JEIF, Ry T2 [EENRIT AT RS, RVAIT S
ECM b Jig & B 58 i S 8508 7k A

T1p-mapping J§ § + A % 56 17 8B 4 20 B 50 22 {4
TS, AWK, 5HAKE B MR AR P14
bk, Tlp-mapping £ AR w] k BLIGIT A Ja 4 & Tlp {6 #Y i
EAAE, RN R BLZIEIEIRYT fam . Kl 2 a2
S, CERBEOL T H A S, X AR Sk Y HRE 5k
F5E " W, Tlp-mapping & f Bk (R 4 A 764G 04k 5 58
TLHSARY B bL e & T2-mapping 8808, X —FetE 5 Tlp-
mapping Ji (R R EA 3¢, Hooh TR i) 2w B E B A
fcoh = A B S5 (R IR R TE B0k, e T3 852 Bk 47
THREARS T (EARE. GAG FREEAT) 3
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G Z ARSI (F£ 1 kHz JEEIN) AHELMEM . Blst, Tlp-
mapping B (% H A B A & B BUEE, RTIEIR GAG IR
FrsetEeft, dbim e MBEERE,

T2*-mapping J§ {§ +i A SR B BE 1] 6 7 71 R L 490
5 ABER AL, TR R AT AL E S, Rk
I IR R . O ECM i 2 BRok 5y iz sh 2 (el 5
SRR A B SV R A L, X LE R 1k
FREAC R H R IUAE T2* (RS h . AR R EL,
I, 07T 48 JiJE T2* (& PR, FRW] T2*-
mapping B {3 RE UMb R BB R TT I B N ER ST A 2
b, X 5T FRRICT B 261 R ATECH R AR R ™ 1
S —8 AN, Kk aflE, B, K5
HEIRTT4L, T2*-mapping KR HRER BLCH T2* {HRY B3
PR, WA & haMPCs X ECH 4 — & B Z 1
M, RIS T2*-mapping B4 HE S BLER B 2R 454
AR, Al R R KT A

g " KW, kH ADCHEE | A SR & RAHK, &
Mgt , R AETRTT 48 [ )n ADC (H B PR, &V
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