EBRBREZMR (R

882 | JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol43 No.7 Jul. 2023

AL EFUFERHABRPHERRRERE

ESE K 40, K B, FARS, KiERS, BRERL, E KL, 8 KT, MRB

L FE B RERE N s SRRE, FEIE 2260015 2. FIEASEERYERE, FIE 2260195 3. EiE@EAREE MRS
ANREBEN A RER, Bl iR T, LR E AR, BT RRIRRES L, ki 2002335
4. BRI RERE EREE AR, FIE 226001

[f8E] BH - FIHASINE FIFHE AR (whole-exome sequencing, WES) i 278 2% -{¢ M Z AL ik 2% (leptin-melanocyte
stimulating hormone, LEP-MSH) i % H (% G B N 7E A B AR R A R AR5 L . T35 - #5201 4F | H—20194F7 H 7E Lifg
S K2 B e R 5 N N B B B 3 2 wiDIR B TR AR 1 119 &4 BB f 3 . 4RI 17~65 %, (AR 5% (body mass index,
BMI) >34 kg/m?, RAEWFFEA SN 1L, $RIA LD 4 DNA FF 617 400 B I, 1 FH AR W15 62 5 1= 0 6 LEP-MSH
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[Abstract] Objective:To screen mutations of key genes in the leptin-melanocyte stimulating hormone (LEP-MSH) pathway by
whole-exome sequencing (WES) in the obese cohort. Methods* A total of 119 obese patients aged 17— 65 years old with body mass
index (BMI)>34 kg/m’, who underwent laparoscopic sleeve gastrectomy from January 2011 to July 2019 at Shanghai Sixth People’s
Hospital, Shanghai Jiao Tong University School of Medicine were collected. The peripheral blood samples of the research subjects
were collected, and whole genome DNA was extracted to perform WES. Bioinformatic methods were applied to detect the mutations
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in 16 genes in the LEP-MSH pathway (ADCY3, AGRP, BDNF, KSR2, LEP, LEPR, MC3R, MC4R, MCHRI1, MRAP2, NTRK2,
PCSKI1, PHIP, POMC, SH2B1, and SIM1). Rare variants with the minor allele frequency in the total population less than 0.02 and in
the East Asian population less than 0.01 in the 1000 Genome (1000G), Exome Aggregation Consortium (ExAC) and Genome

Aggregation Database (gnomAD) were selected for subsequent analysis. Six pieces of prediction software were used to evaluate the

deleteriousness of the mutations. Finally, based on the clinical information of each patient, the pathogenicity of all variants was

determined according to the guidelines of America College of Medical Genetics and Genomics (ACMG), and only the "pathogenic",

"likely pathogenic", and "uncertain significance" variants were retained. Results*A total of 26 variants, 22 kinds of variants were

detected in 24 patients from 119 subjects, all of which were heterozygous mutations. The detected variants included 7 in SH2B1

gene (accounting for 26.92% of the total variants), 4 in MCHRI gene (accounting for 15.38%), 3 in PHIP gene (accounting for
11.53%), 2 in ADCY3 and LEPR genes (accounting for 7.69%, respectively), and 1 in LEP, NTRK2, AGRP, KSR2, MC3R, MC4R,
BDNF, and PCSK1 genes, respectively (accounting for 3.85%, respectively). There were 3 patients having the same mutation site in

SH2BI1 gene, and 2 patients having the same mutation sites in LEPR gene and MCHRI gene, respectively. In addition, among these

mutations, there were 12 ones not included in the East Asian population in 3 public databases, which were novel mutations in the
East Asian population, located in SH2BI (p. V2091, p.R67C, and p.L149F), KSR2 (p.P155T), LEP (p.D106N), LEPR (p. W132R),
PHIP (p.K1461R), BDNF (p.N84S), PCSK1 (p.R282W), NTRK2 (p.T732M), MC3R (p.S71P), and MC4R (p.W174X). Conclusion-
A total of 22 kinds of rare variations possibly associated with obesity in the LEP-MSH pathway are detected, 12 of which are novel

in the East Asian population.
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17~65 %, FI4ENRE (40.38+13.40) % (RS %
(body mass index, BMI) =34 kg/m’, 1 BMI K
(39.34+4.70) kg/m’,

1.2 WF5EJiik
1.21 WES RGBTSR G a5 i, M4 L
74 DNA. F NimbleGen SeqCap EZ Exome v3.0 #ifi 3%
K H (43K HAx=64 Mb, Roche) #ITruSeq DNA %t
PEi R & (Illumina) 4 2 DNA SCPE o 7E Illumina
Novaseq 6000115 IR HIBC XS A 3 150 bp 32O i
AT T o BWA SR 7 Bt 5 26
% % F N4 (hgl9/GRCh37) HEAT X, Jf
GATK3.7 #4778 S K2, 45 J5 F) H] ANNOVAR %1 f4:
X AR S o s AT TR
1.2.2 ARSI AT EZ KT S LEP-MSH i
HERE I 16 N EER, TRILER 1. A WES A6 X £8
S rp i LA o LR R A E SR AE 1000
Genomes (1000G) . Exome Aggregation Consortium
(ExAC) #1 Genome Aggregation Database (gnomAD)
B A 2 v S OB SR /N A5 A B PR AR (minor allele
frequency, MAF) /)N F 0.02 H Z& W A # (East
Asians, EAS) [ MAF/NTF0.01 (9755

# & CADD (Combined Annotation Dependent

#®1 LEP-MSHEH LHERE HHBEFMEEENX
Tab 1 Genes in LEP-MSH pathway and their encoded proteins

and genetic patterns

Gene Protein Inheritance
ADCY3  adenylate cyclase 3 AR
AGRP agouti-related peptide AD/AR
BDNF brain-derived neurotrophic factor AD
KSR2 kinase suppressor of Ras 2 AD
LEP leptin AR
LEPR leptin receptor AR
MC3R melanocortin 3 receptor AD
MC4R melanocortin 4 receptor AD/AR
MCHRI  melanin concentrating hormone receptor 1 AD
MRAP2  melanocortin receptor accessory protein 2 AD
NTRK2  neurotrophic receptor tyrosine kinase 2 AD
PCSK1  proprotein convertase subtilisin/kexin type 1 AR
PHIP pleckstrin homology domain interacting protein AD
POMC  proopiomelanocortin AD/AR
SH2B1 SH2B adaptor protein 1 AD
SIM1 SIM bHLH transcription factor 1 AR

Note: AD—autosomal dominant; AR—autosomal recessive.
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SRR, DLSEIRST, IR AT B R AR A AT
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R P 9 [ B= 27 st 4% = AL R 41 4 4 % (America
College of Medical Genetics and Genomics, ACMG)
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ACMGHERI%E N “HUWn (pathogenic) ” “HIHEEL
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BHE, AREEP s e “RYER” 5 “ATRERPER” AR
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b 16 A el R RS T 3 26 A4S 22 R U . 7T RE B
R R A, WA A, b
12 Fpr AR S . 34 A 5 SH2B1 3L 1 A ]
AR5, {E LEPR 5 DRI MCHRI 2R |53 51 4 2
2 B A AR R AR S a5 . AE 6 44 SR TR R B T
T4~ SH2BI KERI 578 (4 S8 8011 26.92%) , Horh
| 2 BEREA 2R, A, kR T MCHRI
FEHRAE 4D (47 15.38%), PHIPIEHRZEAE 34 (5
11.53%) , ADCY3, LEPR 3:HEZE%& 24 (&5
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7.69%) , LEP., NTRK2. AGRP. KSR2. MC3R,
MC4R. BDNF., PCSKI 3: 248 % 14 (%5
3.85%) o ASURKGINF Ay HARRARF B L 2, X e

AR

b oL
LI 1,
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F2 RIS HRNEIM LEP-MSH & 8 _EHEFE 323 K E BRI 6T
Tab 2 Gene mutations in LEP-MSH pathway detected in the objects and their pathogenicity judgment

BH 14, B, 63%, BMI N 38.75 kg/m’,

Sample . MAF
D ACMG Gene  Chromosome  Position dbSNP in EAS
1 Pathogenic NTRK2 chr9 87635191 15367769334 Novel
2 Likely pathogenic MCHRI chr22 41077612 15182594063 0.001 0
3 VUS MCHRI chr22 41077832 rs190547628 0.007 4
4 VUS SH2B1 chrl6 28878040 - Novel
5 Pathogenic AGRP chrl6 67516606 15199927717 0.001 0
6 VUS SH2B1 chrl6 28883185  rs200463987 0.005 1
7 VUS KSR2 chrl2 118199252 - Novel
8 Likely pathogenic LEP chr7 127894628 Novel
9 Pathogenic LEPR chrl 66038032 Novel
10 Pathogenic LEPR chrl 66038032 Novel
11 VUS ADCY3 chr2 25050847 1578678013  0.000 6
12 Pathogenic PHIP chr6 79655966 Novel
13 Pathogenic MC3R chr20 54824110 Novel
14 Pathogenic SH2B1 chrl6 28877614  rs781063312 Novel
Pathogenic SH2B1 chrl6 28878223  rs561413284 0.001 9
15 Likely pathogenic MCHRI chr22 41077283  rs188147970 0.003 0
16 VUS BDNF chrll 27679861 - Novel
17 VUS SH2B1 chrl6 28883185  rs200463987 0.005 1
18 Pathogenic PCSK1 chr5 95748060  rs773564429 Novel
19 Pathogenic SH2B1 chrl6 28877860 Novel
20 Likely pathogenic PHIP chr6 79650578 15182783944 0.001 0
21 VUS MCHRI chr22 41077832  rs190547628 0.007 4
22 Pathogenic MC4R chrl8 58039062  rs878909905 Novel
23 VUS SH2B1 chrl6 28883185  rs200463987 0.005 1
24 Pathogenic ADCY3 chr2 25042876  1s750100505 0.000 1
VUS PHIP chr6 79655019 15769344926 0.000 1
Note: AA—amino acid.
2.2 SH2BI X 5E7E Rl AR PEAR
ABRFERTIN R (1 SH2B1 FEF 587847 74>, Horbly S

H 6. B 17 R 23 78 SH2B1 FE P A7 HH [R] (1) 58
AL, BF 6, ik, 58%, BMI N 38.27 kg/m?;
BE17, tE, 674, BMI N 67.54 kg/m’; Hi 23,
M, 31 %, BMI b 4141 kg/m’. 7£ chrl6:
28878040 v B & Hz Bl JE T>C 24 & 22 7F (. T386C) ,
SRR AL 5 129 5 2 LR i H 2R A R R AR
(p. M129T) . % % 48 fii £ 7€ 1000G. ExAC Fl
gnomAD %45 5 it EAS ) MAF 2 0.005 1., Ui i% %€
AR EE (IR E T DW, MRS ACMG #5202 M B
SURBI A 5
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Nonsynonymous
Nonsynonymous
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Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Nonsynonymous
Stopgain
Nonsynonymous
Nonsynonymous

Nonsynonymous
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DNA/AA change

c.C2195T/p.T732M
c.C949T/p.R317W
¢.G1169A/p.R390H
¢.G625A/p. V2091
¢.G332A/p.R111H
¢.T386C/p.M129T
c.C463A/p.P155T
¢.G316A/p.D106N
¢.T394C/p.W132R
¢.T394C/p.W132R
¢.G2356A/p.A786T
c.A4382G/p.K1461R
¢.T211C/p.S71P
¢.C199T/p.R67C
¢.C808T/p.R270W
¢.C620T/p.A207V
¢.A251G/p.N84S
¢.T386C/p.M129T
c.C844T/p.R282W
¢.C445T/p L149F
¢.G5298A/p.M17661
¢.G1169A/p.R390H
c.G521A/p.W174X
¢.T386C/p.M129T
¢.G3363C/p.K112IN
¢.A4826C/p.Q1609P

Degree of GERP

damage

DVS
DS

DS
DwW

DS
DS
DW

DS
DS

w

DW
DVS

o o o o

DW

score

6.16
4.19
5.40
-1.84
6.17
5.14
2.72
3.86
4.17
4.17
4.50
6.17
4.00
4.71
3.96
5.02
-9.56
5.14
0.38
3.47
5.92
5.40
5.85
5.14
3.81
4.77

4

SH2BI R Fr 2 A AR S S, O TE

chrl6: 28877614 i B & 4= W 3& C>T 4 & K 7%

(¢.C1997),
R ER (p.R67C) .
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WAL St
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28878223 fii B K A KL C>T 24 &
270 5 Z LR HORS 2 R 7% S ok (4 TR
1000G ., ExAC #l gnomAD %4 ¥ /% "' EAS
U RIRZE P O A S R A )

5550 G AT ) 2
(p.R270W) .
) MAF 4 0.001 9,

28745 (c.C808T) ,

[ A2 K2R (PR, 2023, 43(7) | m
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Note: The red letters indicate the pathogenic mutations detected in the study according to ACMG guidelines.
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Fig 1 Pathogenic mutations of the molecules in LEP-MSH pathway detected in the objects

DS, #4E ACMG 15 1 %55 W BRI L 7 .
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EAS i R i R BN B AL 7. B&E4, Lk, 39
%, BMI }34.6 kg/m*, 7Echrl6: 288780401 & K/t
WAL G>A 8 A RAE (c.G625A), SEULi IS 15 209
SR EER h AR O AL AR (p.v209D) . F
R R A ERE N B, R ACMGIEM %
FE AT BF19, B, 218, BMIA
34.94 kg/m®, 7Echrl6: 28877860 i ‘& ksl 5 fif 5k C>
TARERAZ (c.C445T), FEGMIYE 149 57 IR
M A IRAE S AR E R (p.L149F) . il i% 58 A5 Xt
EHMBERE N D, R4E ACMG 15/ % 0 2R

55
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BRI S oMK E IR (p.W132R) o 1 3 NI J%E (1) EAS
Rk R BRI AN, HEASHI RS . WX
AL A EFLE N DS, R ACMG 15 55 %58
RECRIAESE . I, P IR SRR AR R BEAR &
ZRAEG R
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i 2 B €5, 52 1R 1Y %5 65 T UGG 78 W& 1% 5 1 UAG
(p.W174X) ., 1000G. ExAC Fl gnomAD %4} £ EAS
AR RBZEAE, HUEEELME (loss of function,
LOF) #i &8 S . T 58748 %f 25 (4 35 72 B oy
D, M4 ACMG 48 Fg 45 J E0w A28 5 .

B I 2] 1A MC3R JE P 28 4% | % 58 25 v S5 FE
1000G. ExAC Fil gnomAD #ii i EAS iR ARAG 2], A
AR, B3, HYE, 292, BMI A 41.67 kg/m’.
f£ chr20: 54824110 i B & A ik 3k T>C 24 & K &
(c¢.T211C), FELASHIEE 71 5 F IR th 2 H AL 5+
JE R (p.STIP) o TN 12 98 A8 X 2 1 i) 4 7 At i
JD, MR ACMG 15 % HEUR AR S

2.5 PHIP " PCSKI J:PI57E Fe i i PhAR

PHIP BN RABEWMBEA 34 Hhi#E 12, &
Tk, 24%, BMI A 41.1 kg/m*; 1E chr6: 79655966 {if
BRI ASG A RAE (c.A4382G), FEGiS Y
51461 5 Z LR th i A R 7L S RS AR (p.K1461
R), MEASHI EZAES . Tz 5 A8 8 1 461 55
JD, MR ACMG 15 % HEUR RS

BE 18, Lk, 50% , BMI N 43.82 kg/m’;
PCSKI 3 [H 9875 2y chr5: 95748060 i [ Hif 5 C>T
ARG 578 (c.C844T), FEUIAGIYEE 282 5 2 HE2
MR 2R A o R (p.R282W) o AR A0 5 7E
1000G . ExAC Fil gnomAD ¥ J (1) EAS Fh#B R A6 &
F, NEASH LKAES . BNz 5 A8 X A B E
JDVS, g ACMG T8 %8 W BRI 7 .

2.6 ADCY3. NTRK2 ¢ AGRP DI TS B Wi A PE-AR

ARG 2 4~ ADCY3 BEH 578, 02 Z Hi i B
oL LA, Hoh R 24, Lk, 278,
BMI 4 39.04 kg/m?, 7E PHIP 3£ [H H1 ADCY3 3 [H 446
MET 1AL . PHIP FER B ) 5878 % 5 R i
YRR S S, ADCY3 BB %8 48 N chr2:
25042876 (i & I G>C 4B %4 (¢.G3363C), F3(
B I 5 1121 %5 2 S5 R oh 8 2 R AR S o R A Tk e
(p.KI112IN), ZZE4AE7E 1000G ., ExAC Fil gnomAD %
P& E v EAS 1 MAF J2: 0.000 1, M ULAR 5 i
iZ ADCY3 Kk K 5 72 % 25 11 19 40 3 1% O DS, i 4
ACMG F5 5 255 R BUR L 5

BE L, Wik, 46%, BMI N 39.28 kg/m?; 7E
NTRK2 FEPRN ) 1458748, Sl chr9: 87635191 i
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I COT A RAE (¢.C2195T), FELRLAYES
7325 B R R A R AR T o W AR (p.T732M) .
T % 58 A8 % A 1 R B AR B DVS, R4 ACMG
TS BRI R SR AE 3G E EAS h
HARKRR, WHRESR.

&S, @ik, 32%, BMI Jy34.01 kg/m’, 7£
AGRP J:[H ) chr16: 67516606 v B % H: i 3k G>A 42
HRAE (¢.G332A), FEIASAYE 111 5250 A
RIRAE ST HHEMR (p.RI1IH) . 1000G, ExAC F
gnomAD ¥4 H EAS ) MAF 2 0.001 0, i % %
AR N ER 8 E O DS, AR s ACMG F5 7 %552 3K

T AL 5

3 idie

TE 19 A2 W E T ARMEHEE S, 24858
HRCI E A S Y 22 M AL AR oo 12 Fh g
AF{E 1000G . ExAC 1 gnomAD & [ (1) EAS Hh A4
KE|, NHRTABEH RS

AR5 Fr A 0 35 (K #0 #E LEP-MSH fi 1t V- £l 18 15
W kAR . PHIP W] B4 19 58 POMC 1
S LEP SN A ) B 1 5 2 R A S
NPY/AGRP (& AR, FH#0E POMC, i1 4:
o -MSH F1 B -MSH, ¥ 7% MC3R Hl MC4R "'*'¢' |
MCA4R I ADCY 3 457 1 b 3 5 {37 76 %8 55 4% i 42 T 0
FEIRIRET Erh, RS PEII S ADCY3 FI /N R4
PRI R S 5 0 7 MCAR [ - mT 3R
BDNF f#4#4, BDNF 1] 5 A2 fA NTRK2 45 &, %
i) 4 B A B3 L. SIMI A MC4R LRI 7778 T
TS0, IF H SIM1 Y Bl 2k S 3 MC4AR Filfi
FEE MR Y BT % POMC, LEP 5 HAZ
R 25 Gt e SH2BL P Bh T, BTG5 5 56 5/
T S 015 I F 3 (signal transducer and activator of
transcription 3, STAT3), J&# AJ7E Tubby — /354 5% 53
F (Tubby bipartite transcription factor, TUB) 35l
TAER RN A%, JT OS5 R T A O B
PR, DA 804 98 28 0 1 AR g . i PR R IR
B2 2R A 25 0 B 1) POMC # 28 JT Y H 35 31 2
Il KB RS E Y REEA P BAN, KSR2 K
T AMPK B9i5E 22, IR B S AMPK I H AR 2,

SH2B1 J&: 5 3F 25 A f1F 35 DR RIS Ji A 5 170 o 3 3k
Rl 2 G i —Fh 2 5 52 AR 2 R VR (4 LEP

LSRR (0 2003, 43(7) (@)
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BDNF FgE 5 2 AZAK) eSS 5 5 00 240 i P A 1 2
Pl ik S {5 0l B A W AR . B8 i T AE A1/
AR b i B B OCEE MR Y fEABASI
SH2BI JER &M fe sy, h 5.88%. Hh A 345
JIE JPE R G BB 7Y 28 A8 87 45 7E 1000G . EXAC Fll gnomAD
Bods PEh KRR & B, 435 h p.R67C. p.L149F Fil
p. V2091, AR 355 F T DL K I R 6 7, ACMG $5 7
FEHT 2 A8 S AR PE A B AR S BUR p. V2091 B
BTN R R AE (B), [HlH T B EAFEIL e R A,
AT TG ZE A — 2L DI RE 3 BT AR 5T i 2 A8 X H 1
JOT B AT RE R MR, DT ) T O O M, R AR
ACMG F5 7 % HoA B SURWI R A8 5%

LEPR | {Z /34 TS & R G LAMNR A 2L, 2
T LEP W ZRMEAE T s 3B AR 2 4URTT Fr i ]
B4R AL, LEPR ZE A4 0T it 98 5 vl 75 F 2 1A
o FE—THF5E >, X 25 AN BEALH Y o R Bk
T MERE I G R A AR R 1y FE 7, S5 R AR 2 44 5
BRI T A4 LEPRAE K WIEERR I R %
PERERE . SR B AOBE PRY% , W] WL LEPR 275 % 3T 2%
FBE P LR RE R B SR . TG R, AT
FE R I — XU IR AE LEPR JE[HFA7AE M ) () 28 28 7 15
(p-WI132R), N EASHI &AL ; RAEHAFT, P
F2 2 BBEIIGKRER, MR ACMG 15/ % H o
FRPERYAS S R, AR AR A i DRI AR mT BB AT 2 Fh %
ARG

MCAR 7 &5 AR (14 BE 51 iy b 5 22 A7
5B-MSHZ A A, BWER ey, et s,
TS AR B G A U AR S AG I E 1ok
B i MC4R B R i TE LR AE (p.W174X), H
HIiZ %25 7E 1000G . ExAC il gnomAD U4 £ EAS
HARK RS, NLOFHKAER.

HETA A TR 3, WE TR R /A
AT, A HAE B DR Ak 7 T A 305 R 22 4
IAFAEA I, FRATTZ A A — 00 5 BRI PR IS JH 58 A ek
FFARJG Y 6 4EREVTFFT ¢ I B 23 K 58 745 5 1) ik
EFARARNE BEE NI AE RS L SERRA T
e, REJERIEYT A T HRY R 8. Setmelanotide /&—
filt MCAR ¥ 2h %), H TG J7 H1 POMC, PCSKI 5§
LEPR St = 512 AL, TR SEE & 5 20 5 B
Hs i R T A P X LEP SN A8 S 3K
AORE M R, B N S LEP Al A ke s

R R ER, 0 A5 R 27 HE it

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(7)

PR . WESXEHR L . 5% DRI AR 58 78 24 B
R, ek BLAR T X 4 TS 435 0 A G AR
S, T AT BT 1% B SR AL T 2, 45
BT R . R BRI R AL REERAT & il R st f%
SEAR . Bl BRI T AR R R, R S B
AR B &k . PAZ-FILHO % Y i 2 44 i B ok
REJRE A L35 64T T WES #F 58, & B 0 Bk 26 11 2
(uncoupling protein 2, UCP2) . i&bi75 5 M mg me A%
i W
AICDA) . J¥HV AR % 71 B L E2 (family with
sequence similarity 71, member B2, FAM7IE2) FE[H
SR FEAM 56 . THAKER %5 P 38 T — 4, ROHHAD
LR ASAERE LT, W WES & 3 H A7 76 0L
2175585 H 1 (retionic acid induced 1, RAII) Z87%

ARG LT WES, L T 12 B IR OC 1
EASHT &85, IR 04 & ML AT~ iR AR iR 9T 4
T HAL R, AP 2 f i — T s 2 F
WES §ifi e il f T A 8 & #5747 MC4R . MC3R. LEP.
LEPR. PCSKI1F1SIMI KR 5 NHE, JEXT 54845
B SR B BEDT 6 4F, 455 BoR AR M H AR
FARJG O EMIT AL LLARE A 5 22 . R E ARG M
FRETE bR, 5L AH L BUR R A I 7, (A
IR TARHE A & o ASWEgEE — 2P 58 3% 1 i i (1) LEP-
MSH 38 L, (0l T REVIRT B, AR &
AR B AR5 7 RS AR AR Z B F A W
225 RS RRATR A B ), ST AR HE
HHAE A ARG R INITRC, L WA
YOER BRI BUR M E R IR B . JFHl T
9. WRSERZR, HATABEE I A AR 45
b AW GEAAGE 2 A W) AE B AE S T I TS Y
HEE, JFAHITYIRREAE, B A i —
(R 2548 20 BT . 20 i LA B Bl i 5 56 of 56 3k R
A5 AN 25 A O

(activation-induced cytidine deaminase,
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