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Heterogenesis in Cancer Metabolism

Mai Qing, Zhang Yan*
(School of Life Sciences, Sun Yat-Sen University, Guangzhou 510006, China)

Abstract The origination and malignant process of tumor is accompanied with metabolic disorder. The
tumor is heterogeneous with multi-cellular interaction, which determines that the metabolic pattern of the tumor
is highly heterogeneous and interacts with dynamic microenvironment rather than homogeneous and independent.
Recent studies have shown that metabolic reprogramming of tumor cells or the cells located in the microenviroment
creates favorable conditions for tumor growth and malignant progression. Multiple fuel choices of tumor guarantee
tumor growth and metastasis without limitation of blood supply. Metabolic coupling within different components
of tumor contributes to inflammation maintaining and anti-tumor immunity inhibition, therefore creates a favorable
environment. This review will discuss how the flexible, heterogeneous and multi-interaction characters of tumor
metabolism benefits the viability and influences clinical therapeutic effect.
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Wi o B G BRI RN BRI
RIS S AG A A BE 0, b e A Y 2 % i
St I T, 250 SR A Qs  E TR A,
PEAVE I AR e M — A QIR o PR 4 — i R
TS P AT 8 TR B EEAT B R A R,
AR R PO G FE SR S BORE 55—, R A S5 34
S EARR, v B CB8iE — AT AR RIS, A
TR R MR AL R R B IR

1 RS4ERMEEF5I8%E

TART 2 R w5 7KV B 1S B 2 I v IR B B A
KRR, &M kA KR 7 E AR R =
BLje) R, ARG TE I AR, R 40 i i e e A AR
I3 T B AR AL 5 ) B 75 (0 S5kl . ERR T I
J7 1, RIERREVEA A 2 e A 7 2, g9 1
T 0] 8 BT S U VR T & B e
1.1 FERE R

i Jed 4 A PR S T I 7R AR R AR i, AT
FAPE AR, AR IR . EE . R R
e Horb, PR AR ARITIR G LA A 2
AR, 2 e A B A A 5 A PR DB EA 51712,
PERE AR IBAR V] ONZIR . BET . B EERR S5 IR & B
PR PE-6-EIR . % PE-6-BEIR . H I E-3- TR 5
RUARD R, SEFE A, = & B 76 H(tricarboxylic acid
cycle, TCA)IH A P2 W)W R IR . HEBE SR ol
IR TE IR B A & AR L R AR &
ARG PTER LM e R P AR =R, PN
o [ R HENTCA, XTCAHEAT B 4M 5 B 4E R 3L
7. WRBMAE A 42 NADH. FADH, "]
IR B FEBRANG G & R S S Rl DN 1
B 2] FH T BORT R 2 SR 80P T IR s i
KA B AR TR I R ) T T NS R
B R FSCI E H n] F  P RERG,  RI TE e <5
TG S &5 S E . SR R 7 SR U7

20 Ff AR B 2 AMPHLYE B 1 L B (AMP-
activated protein kinase, AMPK)if % A ' FL 2 ¥ &
M 55 2= 58 8 H UK A B & 48 1 (mammalian target of
rapamycin complex 1, mTORC1)i# #% i 17, k& &
YR HEAT 73 R (P RE TS TRD)IE 2 & CE R TT ). 24
9N M E TR L 4. ATP/AMPLE 91 R F% I, AMPK
T % O, A0 JE [ R T T R A A 2R E - 1(sterol
regulatory element-binding protein-1, SREBP-1) & ¥

file, PR EACBERRAL . SFh o B B [ e, 0 4
PS5, DACRIUEZH SR 1S 2 0% 1 REVR, 2 e 44 Ffa frt =
A7 K. mTORC 1@ % W 7F fig & 78 2 I 30, (2t
PEEEAR . RXBR A B R AR U, 0% SREBP-13d
388 TR TR B B, U W, DT (R a2 A )
NG AT o e A e i AR P mTORC
T I H AL T S O RS, T A R AR Y
AMPKGHE % I 5 Ak T F 1) (RS, 2 A8 i JRe AR T A
A1 B TRV, o Rp FL s 20 s 7 (P )21,
1.2 FhERERRIEM

HH T8 = Thie se i i I R G, TR e AR AR
GRS, FB 7 DO s A R AU 7 A
FHAG, 2B KT HLeh RE 70 R BE, MZME . RS
YIRS e T T B, AR R IHERR . TRk, REX IS
AN R R AR R 0] g A Ky B, IR
SHMEE FRER Z S DL T 2 R AR BV, RN EE
JE K A0 A 3R T B WA P, R B AR N TR
B 3 i S 5 P FRD ) SR, W2 Bl R
AEIHIR 2R, 12 MR AR B R D R RS, RF B
fih 75 e IS TR = AR R . MR T DA R i i2
FH 6 %5 8 CAA D R A0 R 4 4 EH B AR, IR &R
Wil FLER. B4R, BEFEREFR). AN FoRERiiAR
(R FH D SR A T A D0 IR AIE 3, SCAR L 1Y 2 B
LT BTG T AR ONR 10 1) B 5 R AR TN R IR R
SR, LR T IR S 0 5 8 R Al R 4 e S
%]J }EH [9-10,25] .

UG AR R A R R A RIS AR
AT LLFE 23 R FH BSOA 5E R 1 25 Fh B8R IS RLIRAR (IR
BRI SR, WI4ERE B SRS R ZE.
HeL a4t i 7571 41 W5 A7 75 R 75 254, 4t it de ol
B2 it i 1 e R FLIR; (H 4 85 FR RS A% - AL BB I,
HeLa4fl i vl a1k A AL B R 10 23 1 FUE DA 4+ B &
BT T R 1 o e W O Rl O 9
18 M3k G BOS A2 52 B0 R 7R X BE IR B R,
AL A A B AR Y, A s A I 1) I R 1
Bk v L MR BN, B IR B R R ER B 1L N
ZEREHEEATT T R IR B AR 5 g IR 11 45 1l DA 4
FERRSARE 00~ 10 BR T S A, IR R
B FEE mE AR E R E SRR RS E IR
FELEGR Z % Pl T8 ZUEFR R 752 25 11 R, mT Lhad i
RN IR (1) 1 8 1 R0 2 o A, bR B Y
SRR, e 4 B BE VR ¥ R 12 L, ASNAT L
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HETE AT T 7 (VTR ARA QI R IR AR, SRR R BB 1R AL R S K5 T I A B, Y TT EmTORC L@ % S 37 1A i R HIF- 10t c-Mye
LS5 TFHEG. EWET, mTORCIAITEE FR AR « A KK FAEEEAME PGS . MR, tHTPTEN, TSCE R ) 584F, mTORC1
ATRRAL BT . 5 IR IR, AMPKE G Ab TR, M $0 ) 20 15 s 5 20 A it

Glycolysis, glutamine metabolism and synthesis of lipids, proteins, nucleotides needed for cell proliferation could be activated by transcription factor

biosynthesis

HIF-1a, c-Myc downstream of mTORCI1 pathway. Normally, mTORCI1 is activated under nutrients and growth factors sufficient condition. In tumor,
mutation in tumor suppressor gene, such as PTEN, TSC could lead to sustained activation of mMTORC1 pathway and AMPK pathway inhibition,
therefore promoting anabolism and suppressing catabolism.

B REHEEEREEE S R
Fig.1 Metabolic pathway regulating anabolism

AR SRR (R 5E  HEPTIIE A )R AR5
JE 0, AN E R IR AR R . KiK. IRERSE

T IR 2R, AW FTaE e, R R
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SR TG R I R DAy WA JULRR Ve, 4 SO S v 1
JULRR B Ab D W TR LI I B N S P9 LA A2 ATP, i3t
K 68 JE e o 2ol R v RO 0 Y K v 3
(¥ i 77 4 L 23 A g e A1 D7 A 1 30 8 I I 1 T A
Y SR R e R AR A RE R,
1.3 PERSER T

it IR AR AL IR, AR AR TR IS FIE R T, AN
FRARIBALAL T, e 2 BN BAT e B SR AV R A
[ — PR A, 4 2 ] FE 45 417 I AR AR S 3R 2>
ARG AR EENURHA T S B S5 5 THI 4 22
Jto BARARSE . RMBE R MR R,
DR 238 (X BEATL PR AN B3 10 22 57 <5 DR 3 2 5 S0
A e P ) B R AR R L, iR SR A
EIRYT AR TR AE . DAE BB S C AR R, R
FERAE S R AR T AN SR A AL T 20 1 3 iR

41, Xue SRV S 200 it 00 B B AN Ao 48 55 e 4
R rR AR R AR SR B R, 25 RR W, P22 iR
28 240 114G A 1 ) B % DR T S cAMP cGMP 5 &
I ENEEIE SR NERIA

AEE R TR AR, DA R R e
FER AR AR S AR B S5 R R AR R AR Y R 25 AU B
(5 . R AT, R A 5 I 4l A AL
AR 2, Bl 5 D T A2 48 B 7R SR A2 B R 0
RRIE . RESERR AT N IATRERAE . RS R
(1R P2 PR 3 SO 15 ) e R R = 2 LR HEAR, 12
W R R A TR T UL LA A 2B . AR 1K
FEEAFACH R RO IR R . H AT, O 20K
6 25 RS A S R A J R 2B A7 S MRt g
PR B4, BRI AR /N 20 M e /) RS TR ) 4
W 7R ER S5 R, AR /N0 B g AR AL X PR
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(AR AU Hh TR AR BR B 22, 0 4 260 B A B v 1 R
R, X LR ] e 1T E X R T AT G
ARG 2 48 b HoAt 8 FRY B T . gRig ek
B g itk E29% (diffuse large B-cell lymphoma, DLBCL)
W, BR T 3R IABYH M 32 ARB cell receptor, BCR)IBCR-
DLBCL#FfK, & A m R IBAMLHRR K (oxidative
phosphorylation, OXPHOS)AH 2% 3 K {H A 32 A B4 fig
AR JOXPHOS-DLBCLAEE /. X L HE A A 4
AT TR A1 BE 7 1 RN, 38 B A 50 vy 7K T 1R 7 1R 4
P S A IO IR AR, A 40 i 45 DLZE I 25 BCRIE
SO N RS s B MR b, R FeRg
i 24 v % 4 EEEEA'E FH %) e = 400 P IV v 0K )
%] i FE 12 5 1 3(glucose transporter 3, GLUT3)X 7 %]
WA B = IR SR AN g, B J5T B2 R8T 4 A 9 ] ke ot
REVE LA SE 5 (1) 56 5+ e ) I e S0 1 R 32 361 1 B A7
PR [P ERIRE0S, g S ol 2k [0 A R I AE AN [F) 2H 2K IR
BUAN [RGB AL 8 S MR (Al Yuneva®§ PR I, 7E /)
SRR AR i[RI H ek DR 15 5 14 it e R e L
B AR AR B myeids T 10 il 5 e o ops 2
fifE 38 AR, EAE A 2 I A, mye 3 B0 I A
SN oy XS 2, TR TR S AR A RS 2. BR
I AL, mye Jemet A [R) PR 5 5 1) il 96 1 B A A [R]
I ARRE m e mycifs 5 (1) I e 36 AT 0 2 45 201k g 1)
I RRAR, T mer T SN FFIE Hh, 1 470 17 48 2019k Ji
REACIE TN .

2 MESHIFERRHEEER
NE AL R, RENRS AR E
SR REAT A AR o R 20 M A O R R FER
REIFRYIEFE RSV RE, X g A A S A A
SN o PR AR 2 ) 59 1 T2 TR R A
PESE T RE, e a3k HL X e 5 A AR T AT i 2t i 8 A= A
PeBMERE R . R FRIA R 2 1A A A I Dy
3 AR A KIS . R HLAR A 2R ) —
RPN e 4 3 BRSBTS
B E] AR ELAE R, X5 R 67 B 2 e 3
2.1 BB S REMERIR IR
R IO S A AR A AN T . .
BEANNE . MR R AR AT AEAR N TR ST
M RE TR E . R — SR 2 AN AR B
TEF B AR, MtESG . 1REBIHM I RE S, HAE 5
MEEHEAT AR o PR oA AT R it 2270 245

5, YERE IR 4 ) AR A S I T, R ROGEI R AR,
] G 2 L, o SR RIS T 52 B ek ik AN
MR S A LR O Bl A AT 4G R AR,
ey 240 5 LB 85 T 3 e AU A LS

2.1.1  Ab B AR & AR EF 4w B3 B AKX 49 F o
FESCAARIR v, i 20 i v DLE I 5% 43 WA S I T
FRCEFAE AR I . I S AE iR [R] 5 Hh B O B0 Rl 4T 4
YA, Bl PR A P8 A 2 Bl 4T 4 41 B (cancer-associated
fibroblast, CAF). CAFHRE 1Y 58 A= Bl K & 1) 41 i
ANFE LAY, 53 A E T 4 M IR AR (R 1, 4R
IR 1) 98 VR PR (I ik Fe g I A Rl 21,

TE SR MR, CAFR A2 1 B 2 1 AR AR
tho FUBRRE. 45w, BB, M. mslg
It 55 2 PR IR N CAFS IE 5 BCAT 441 i AH L, B 2
fif I A2 T R R0, CAFTR BRI BB R 5 AR K
“F-B(transforming growth factor-B, TGF-B)if % ]
U OE A K. A IR E KL, 18 FHTGF-pAL BE 1E
W AT 2 A0 A L SRS CAF R Y 1 [RI B, 4 A i
77 2 DS A B8 TR A e S W T T R W T A A1,
CAF B A7 8 1% 1 8 S F WS 2 L R+, CAF
T BRI B W B B I A T D M A L BEUR . CAFY
Ji g 4 o $E 85 72 1 AR Y, CAFHERR 2 oA S H I FL
IR ml 38 3 iR 4 A 5% TR FFMCT 1 (monocarboxylate
transporter 1)4%12 & F i N\ 4 28 8 RL 1A A0 B IR
o i I L R . IX — I AR 9 ) 1] BLAF A%
R RB00,

CAFX} RAEM BT 4E 7t 5 AU AH G A
HI e R I CAF ] BLidE I N I mTORC 1/c-Myciti %
(PTG I HINAPDH . GSHEE 41 i id Ji7 751 1) A2 A, 5
9 v 4 2 A & -6(interleukin-6, IL-6). TGF-B
FEAERE 2 TS — M SRIE A B

DA 255, 55 s AT 4R 40 AR LL, CAFHE
PRI ER, EIWRILGIE 2, /I LR« WA S5 A X
YRl e R ) e R UR . CAFIE I AR 1 4% i it
TS S S TR I P AR, R SORE A B T 1k
(K2).

2.12 FEMr R AT R Rignie
AR BEVR AR TER % i 20 i IR 1 1 R U,
2 IR T R B P B AH R oy o I DT 4 PR R A7 AE
X R AR 1R 2R MR (R E PP, FE
R A2, G 7 240 R i 98 RE IR T 4 RE R 98 1 9%
EPRITEC . 7 M 4 A m DA AR 5 v g 7 4
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ik

RAEE M, IETRMRDIFREMES TR, ik
J51 4 J& & I - 11 (matrix metalloproteinases-11, MMP-
1) RAEPRFIL-611) 531k, M AE 2t Rg 42 2855, O
B9 11 e 7 1 80% K A AE F A = 5 I I 44t e ) 1Y
JEE . P 5L 40 i 5 T 1D 40 M S 55 57 5, R 7 48 A o)
g AR T PR G iR, A Ui I TG U TR e TR 4
WSO oy & I T %) T 0 1R 1 368 5 g 7 e -S4k 7 A
ATP, i BH 4 JI55 r = 1R IR I 40 e m DA Ay O SR 1 4
FEER AL B 0 R TR, S U S ik 7 A2 1) g 0
A J7 40 . 53 0 485 s I 7 TR SR AR S I P M UAAR, A
PR FIR WOSCE BT R AR P R R A KR, (R
R A O, ax s gk SR B, IR 7 4 i nT LA
IS AE RSB I RIE AT . B AL AR IR A a2 i Re 1Y)
1228 2 (K12).
213 RAmmie Rt s A ERCAF
A1) firh 8 = 0T 1Y) 2 LA LR, X IR Ok e AR A
TR EERW . AU TN PR L4000,
R 2 i 55 B2 4 i 1 D) e A 4 5 A€ 1) o3 A
HELEHPT,

il i, ZhAMETAN M I Thl. Th2. Th17%CD8'T

)

YA AR 4 AL 3 A T EmTORIE 5 K HE Pt g 12 1)
PGPS, B SR 41 B (dendritic cell, DC)H LIS
5 ZEmTORC Lid# % S BEAC U (1) 4 ¢, #7HmTORC1
I8 B AT HIDCH PG, TL-6 TL-101%) 43 W B 11 J5
PR IRECT, R A M A PR R A (] AR A S A,
28 HLTE MY S 30 M2 B, B T 4B R 1 3R
RGN F S, FEAESRRE . DU IR 0% 505 B R 15
ANEE L, AR R AU AN AR [F): MO ) T W5 i,
M2 2 ) ELAG B 5 1) R 7 R ek X fig 3 R B v 1R g s
PR B- S A KO,

U T AU X 928 AN B ) e 4 K o A
(VR AR ), TR m ik AU R 4 0 o e P 4 AR 1)
BE, SCEL Gy eI . AR IR DM I A AN LT I
B OASE P A K FLIR, T AR M OA 58 T3
P Je G D e, A B b s K T 1 FLR T
DA i1 CD8 T2 i £ 1 HE 135 L 1R 1) 5 3% 1R e is 1
MCT1, ‘U A ZLERMERR, 40051 20 A 38 e % 40 B A
THIFE A, 3 AN S P Th A R RS0, SR Y
FLIR [ AE A AT LS EUDCH A 1 L IR HE A I 52 i L
Dhfe. BRUEDAAR, BRI SEIL v] LA i3k 1 5 T4

Cancer cell |
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R AN v R T 20 L e s L T 0 5 e L, AT 3R AR ER SO A o PRI O AT LML o OB AR S % R AT
MR ML e SO AR LR T R S T R R B S B R i AL -SSR 27 AR ATP.,

Fibroblasts and adipocytes in tumor microenviroment secrete cytokines to maintain pro-tumorigenic inflammatory environment. Nutrients like

lactates, fatty acids produced from fibroblast glycolysis or autophagy, adipocytes catabolism, could be absorbed by tumor and oxidize via oxidative

phosphorylation or B-oxidation.

E2  PhERIAG h B4R RE A H5 B A R AE RO R FHR R BETR

Fig.2 Inflammatory factors and nutrients provided by cells in microenviroment for tumor
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JfL(Tregs) AR B, A=A b6 AH OC B 4H it 1) M2 7Y )
e, AEHLARSTI IR S e 70 T B

T F0) 0 75 22 70 A2 1) 8 ) WE SN % A 04
ST FF o iR 2H 23 A gt it f) HE % A KT R K =
{10 71 6 4 5 SO 85 rh R TR (B =, fECD8 T4
IO PR T 3 P A A A, — 7 TR {ECD8 T 4H il 7
A ERL T R 0N B, 55— 7 T 4 i Ca-
NFAT(nuclear factor of activated T cells){5 5 i 4 5
i) T2 i 52 4445 5 30 % S TAH M B B0E > (E3)

J¥ I8 P S B DC TR 5T X I g B R T AR i 25
BLF B IR R 10k 55 . AR FT R OF S0 4 i )
ARG TR IR BERIR DC, UE S BN S IR AR K
B OEDC A J5E M e 7 J 87 5T 5 35006 o AR 2R
Lo BT AR AT 30 b IR A B 5 B DC Y J5 1Y
JE 3 B 8L B g 285 8 Ak, A DCEE BT 3R A5 565 T4 g 1)
TS AT R B RE I,
2.2 BEERER P HLARH T
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MU R B AR AR i A2 A8, 8 TR AN L 1T e BVl
FEXN, FECEFRARENA, Mo EE HIRE.
H AR DTSR BT FE . R E RS — R
R, BIEAEE FLFRT PR el nk B
WG ZR B AERR A I I8 s ol o e g 0 Jo A MR o A=
AT AT IR, EM I A, o B AT TS R A
RS AN R 5200, 20% I 5 N B4 58 T i 6 2
Jo 7 SR AR 5L, R IR B I B Bt R DR . g
P J5T A e SR R AT AR — ZR FIAR 2 ) e 24 45 R,
BFEME S, BRSNS E LRITHR
(A BAE . B RTIA N, 280E R 2 Jiigg 4 i ke
TBERT R 7 B0 ) % ol 0 AR s I A G g 1) o AR
M. IL-1. IL-6. TNF-a(tumor necrosis factor-o)%§
B IFINF-kB(nuclear transcription factor-kB)if
PR IE A R/ s AR LA H )
R FEfR, FECEEVEFE. BalEii AR EBER
JE&VE i 7 B (hormone-sensitive lipase, HSL). H il =
Fis i i i (adipocyte triglyceride lipase, ATGL){EH T

Macrophage |== == == ===
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\——--'
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CTLANML. B R S M1 [ 2 1 AT B 7 A 240 75 MR AU PR SRl o 0 0 L o ) R T4 AR e AP S5 T 260 0 1 Bk 2 D HE UK B
PFLER, SECCTLANM . A4 FIRZH A A0 A LR (R AR S A QI i, X 4 P 50077 AR S M g Pk, o4 S A5 D R adt ple s i, 6 e 2 ML/
M2BSLCHI N o BRitbz Ab, IR RS 34 mT 5 S5O0 SRR ML P S A2 SR R, 3 30 I D 7 Rl o e AR, sz Lo IR 4 SR T e

Glucose metabolism is needed for function maintenance of CTLs, dendritic cells and macrophagys. Tumor glycolysis leads to large amount of lactate
accumulation and glucose deficiency in microenviroment, therefore suppressing cytokine production, cytotoxicity and antigen presentation of immune
cells, decreasing M1/M2 macrophages ratio. In dendritic cell, ER stress response and accumulation of peroxidized lipids, which eventually lead to

antigen-presenting inhibition could be induced by tumor microenviroment via ROS.

E3 BRI 2 R G R AR (R8-S 2 STH[63-64] f£20)

Fig.3 The influences of tumor metabolism on immune system (modified from references [63-64])
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Table 1 Metabolism-targeting drugs approved for cancer therapy
AT 2 AL T Ll
Synthesis mode Agent Metabolic Target Mechanism
Nucleic acid synthesis Methotrexate Folate metabolism Dihydrofolate reductase inhibitor, competing for the folate
binding site of the enzyme
Aminopterin Folate metabolism Dihydrofolate reductase inhibitor, competing for the folate
binding site of the enzyme
Pemetrexed Folate metabolism Inhibiting thymidylate synthase, dihydrofolate reductase and
glycinamide ribonucleotide formyltransferase
Gemcitabine Nucleotide incorporation Nucleoside analog
Fludarabine Nucleotide incorporation Purine analog, interfereing with DNA synthesis

6-Mercaptopurine
5-Fluorouracil
Amino acid metabolism/ L-asparaginase

protein synthesis

Purine metabolism
Thymidine synthesis

Asparagine metabolism

Purine analog, interfereing with DNA synthesis
Pyrimidine analog,interfereing with DNA synthesis

Catalyzes the hydrolysis of asparagine toaspartic acid

A G T 53 f, BRAETL-6 K i J88 4 it B8 T 1 B R 5%
JiR¥8% 25 AH 9% & 1 (parathyroid-hormone-related protein,
PTHRP)HIE F T 14 & 2 28074 1) 48 € i 7 4H. 43 5
b, HEIHLAE S SRS TR R AE. PliAHE
15T A g Joit 7 g AR R 38 22, 15 I % Hh 2 2R TR
JEWilR. N =B, HWm—=EEYn&E b, X
NGy AR A AT I A R AR AR A e R i L
EIBE, BB MR AR, SERLMR LA E 7R
BRI HI7 . SR, H A0 e 08 o1 () VR AL S
[ RORIT AR e TE A, T E B A 7R,

3 EREIXTIRAETTRIR 0

LR, RS Mg R A KB A1) %
WA T I it 7 i B s, DA A 3 R ) g v
777 A 51 T AT DR . B [ 3,
a5 HARPUM IR T A A IR IT 7 AL B IR 5
R AR 7 — € fR SCR, A AR S
DR AT AE T PR, 4 i) % R B HH 2 A
SRR W E ) R AT i e B R L - K A Tk B iy 2 (3R
1). Heiden5 %5 B i AL T+ 1 IR i 658 S Il AR 156
B BCHR b g A B8 R AT T VRSB RS . BT N
A YRR A U 2H A0 T30 W] R B e Wi PR 12 W A
PEAR AR,

A EE m) A R R VR T 8 32 i Rg R 22 AR BAR
WA R . PUiE A4 mEr e e, £
e 55 H T MR IR KRG JT « Robertson-Tess 55215
ST — AN E AR B R A K I R R R T
AT BRI AR . FEARATT BB iR 4 i A2

R EMIIHIINA 5 15 % 4 AR AR AR AR X, T
bk Z R R IE RS, BEE R AR AR I, I
RS E A UE =R WA= E i IVAC St R 2Rt 5 P
55 ) 4 A AR A SO TR R = 1) 5 3 R SR A R i
DU R VEOF 2LV 5T, 5 BU= #pHAE B AR,
et R IR 2% . TR I 3 AR BRAT DAT) I Fi e 1)
REE AN, (H A -5 BUX SR pHAE S R E B A
TN RE T ARG T . AHEC TR, AR R L A
pHEL AR B2 AR T T ik 2% i JR8 1% 2% - Sounni U3 13
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