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[(HE] EBS=5HM: DNAF LR —FE RN L5008, MR, 2W. TUES 26T FEARA &
TG R o FIR e A2 I PR B o LI P 4 s R G0 T v e, B i [ P A5 TR iR H DNA R AL AT FE AR S 42D o B
AAE R IR L SR g o AR 7E S B I B R . 73k s URCBE20144F 1 H—2014426 F 7E 52 B K 2 I J8 iy 12 I Sk 4 AT
FEOHR IR AR Y 5 AR (10 B2 38 000 IR R L Sk R 2 43 s 5% 19 04 IR IR ZE 23885 o i Jod iy 41 vy 108 2 FH 2 AL DN A ST R i 4,
FHAR (Methylcap-Seq) #1257 FUIR IR 3L SR 4 SE IR 41 F 640 1 5. Sl 2B M1 B T B H 6L S MEPCRE AR
(methylation specific PCR, MSP) #EATHIFRFIE fii. S5 : Wil AWE BT B 46N R A s A TR, fx
2 RIHOXD10MFOXD2 R J8 3 T X 2 4E it mn W AL RS . HOXD 10KE [R5 FUIR s 40 21 rh 44.4% 2 R Rk, TR
A F11220.5% (P<0.001) ; FOXD2IE K #E HUIR e 2l 431 54.5% S W IEAL, e 55 4 43 11X38.6% (P<0.001) .
Fo5 HUR e B IR LR R 1 2 R R A MR B, HOXD1075 H B B0 5 HR e A 1 2 Ak A 5% (OR=3.71) ;
FOXD27 H FAL B2 5 HUIR IR /MRS (OR=5.91) . £5if: HOXD105FOXD2HE K1 HUIR R 3L Sk PR e v 77 16 v H
B, HURIRILSRIE R . KR TT REZHOXD10-5 FOXD2 3 R 1) W A B 1 R 4%
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[ Abstract] Background and purpose: DNA methylation is an important epigenetic modification. Evaluating the status of
DNA methylation could be useful for diagnosis, prognostic evaluation and predicting the risk of cancer. Thyroid cancer is the most
prevalent endocrine malignancy in humans. This study aimed to screen the aberrant methylated gene in papillary thyroid cancer.
Methods: Human primary thyroid cancer tissues and adjacent non-tumor tissues were collected from patients initially surgically
treated in the Department of Head and Neck Surgery, Fudan University Shanghai Cancer Center. A total of 95 patients were enrolled
in the study. In previous studies, we performed MethylCap-seq and made up a database of genome-wide profiling of methylation in
papillary thyroid cancer. Using bioinformatics tools and methylation specific PCR, we screened out the aberrant methylated genes.
Results: Using bioinformatics tools, we screened 46 suspicious sites for further research. HOXD10 and FOXD2 were found to have
aberrant hypermethylation in their promoter regions. The gene HOXD10 was hypermethylated in 44.4% of cancer tissues and 20.5%
of adjacent tissues (P<0.001). The gene FOXD2 was hypermethylated in 54.5% of cancer tissues and 38.6% of adjacent tissues
(P<0.001). The hypermethylation of HOXD10 gene was associated with tumor multifocality (OR=3.71), and the hypermethylation
of FOXD2 gene was associated with tumor invasion (OR=5.91). Conclusion: The promoters of HOXD10 and FOXD2 may
be hypermethylated in papillary thyroid cancer. And the epigenetic modification of HOXD10 and FOXD2 may play a role in
tumorigenesis of thyroid cancer.

[Key words] Thyroid cancer; Epigenetics; Methylation

FROBR B s e PR A 5 UL AL 28 R G R I 4 ok IR s 1) 50 28 18 4 BRE R 9 LA A 4F
i, TR R A2 G e R A 1% AT 4% (Y4 TR TR, BB 2R A R

WEMEH: Rk E-mail: zhuyongxue@sina.com




(FPBBZEAERE L) 2019452955 1040)

781

B R AR R L R TR T IR AR U
R 0 L ) R e e R A PR R 19 95 % LA
b, FEAFEHRIRFL RS (papillary thyroid
cancer, PTC ) . HURBRIEHIRIE ( follicular
thyroid cancer, FTC) & HUR IR AL/ A SHL
(anaplastic thyroid cancer/undifferentiated thyroid
cancer, ATC/UTC ) , HUIRIEEER:E ( medullary
thyroid cancer, MTC ) Bl JE T H R AR i 30 525 20
L CCAnfE ) o AR B9 & H R 5 S
B s PR IR T I
PRAZ Wt 32 B ARORT B2 U A0 (R A A 4 . IR AR S
SR E il W 20 B A A, (BRI R B R
AN AFAE — s M. HUOIR BRI 9697 LA TR
RIT R AT 2, Bl DR AR I
AT, EVARTUS AR, Horh el WY PTC
ARIG10AEAFFFNT1K90% L) I, AR FA5A 8
IR A 2R MRS, 25 5 B L 45 e R A i
p- RN € 111107 S PO LR N 87 o N D 2 I
T P 5 1 A e 8 L RO B A (38 I E
AR, RS AL T B0 AT A FeA 142
HEHCR IR RIS W | 1697 7 R BUS I
it TET AT R B

UEAF AR ST HUR B Y s A% - P S WL it A% o7
WG 2, B A8 A AL s 7 IR R
KA RIS R AT RER A R . DNA
H b —Fh B B R s G s, B4R
TEDNA LA RE B ERTS , e AL S N E DN A
43 FCpG I IR I e s L |, B Y
CpG 1T A7 1E T3 N 5 %3 3 FICpG &
XA, 5 3h 7 CpG &y iy FP A ks HA 42
R . HEds G (LR S8 B FI 1T DN A 41 55
PER T DRI R i, R RN S 3h T
F e PR A A2 R DU R GR AR, e IR S 3
TR A A s ] U R A T, R 4%
IR A=A A T, T R A R BUMRE Y A
Az . DNAFEAL I MM e & A v i — i DLk
2, M TN R S e RN, 5
AL A AR AN ] 1 JE DN A B 6 AL B A m] 3 e
I 2R T R LASE I T A, DTS A9
BAZRE, IRERAYT MR RIMER], IKBFSYDNA

(4 AL AE IR 9 S BIL . RS2 B A TR
M EAFEEEY

AT TRE AR BAEPTCH ] BEAFAE
FHREAL S R RO JE A, 20028 DA AR FR
Ko KJER AT RE A RIMERT, OF HAr B4 F
Sk mT T LS W R TS AL T 4 bR
EY

1 BRI I

1.1 ##l
1L.1.1 G RARA

201441 H—20144E6 A 1642 B R4 R
g = e Sk A MRFRITR A T IR IR AR VA T AR 1Y
R ) HR g 4 2 K0 55 R DO IE 7 HECR B4
LS8N, AT b AL B 2L A e N
PTC, FrAARARREGE T-80 CIKFR-L, Br
A B B R A B 2= R LR

F1 RRGEREES T
Tab.1 Clinicopathological features of PTC patients

Clinicopathological feature Number 7(%)
Age/year 43.6+13.6

>45 41 (46.6)

<45 47 (53.4)
Gender

Male 20 (22.7)

Female 68 (77.3)
Tumor invasion

Yes 17 (19.3)

No 71 (80.7)
Tumor size D/cm 1.5740.96

>1 60 (68.2)

<1 28 (31.8)
Multifocality

Yes 30 (34.1)

No 58 (65.9)
Hashimoto’s thyroiditis

Yes 8(9.1)

No 80 (90.9)
Central lymph node metastasis

Yes 52 (59.1)

No 36 (40.9)
Lateral lymph node metastasis

Yes 28 (31.8)

No 60 (68.2)
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1.1.2 £ZEIEALE FoiX A

RS BEPCRY™ (I [ 22 [EBio-Rad A
A, AEYRIKEUG S A iR H B A R
oL, AN LRI F 3€ E NanoDrop /A ),
DNA# PO & AR AR (dbnt) BIRA
F], DNAJZ [ &8 A 26 EBio-Dev/As H
PCR J i i) & JumpStartllh) [ 35 [¥ Sigma /s v .
1.2 LB FHE
1.2.1 DNAZHR

B0 megZe Aibn AL ST BT, LA LS mL
BT, MA180 L MK GA, 1EEIR Tk
BHHFESMRS . A0 pfLEAMK, WaRE%
1R2)10 s, 7E56 CHEE T /K2 h, (A58 i e
WIRGIRST, RRAL 2N i o8 2 I A0S 1 08 250
DS B35 7 8 BE N4 35 AOTRAR . i AL200 i
ZEMIKGBAIT ul Carrier RNAGEAER , 7543 H5i 2]
RA), 70 CHCE 10 min, HIEIAE3 mini®iElR S
10 s, fAA0 B0 DL LBRE 38 N BERYIRTE . A
200 pLIJC/K OB, SRR ENR SIS, SRS
5 min, A7 E 0 DL R BRAS 55 N BE RSV . B
— 0 FT AR U MR A A B AR, 12 000 1/min
B30 s, FERVEW, R R A
[i] W B A FR I AS00 pLZE W GD, 12 000 r/min
B30 s, F LU, R R AR
[ia] W2 B A FR I AL600 pLEEVR I PW, 12 000 r/min
B30 s, FE IEW, KRB AT RS A
HEE 1K, SRJ512 000 r/minZ.0>2 min, #1448 [
W BE BT B T S IR 2~5 mine SRIEKE I
R A— DT 1.5 mLES.OAE T, )W B rpr
()37 B RS T NS0 nLYER 2% vfi T, 5 R
5 min, 12 000 r/minf0>2 minkHiE B 2250
B, IR AMOCEE TSI B Al
122 TR AT

B pghrASDNANIZK 2220 ul, H1A3 mol/LK)
SEAANAE2.3 L, FARSEE T37 ClRn
15 min, fIANEGRERER 230 pl, RS,
HT90 CHREOGIRIA30 min, A6 OGS 5
PYBE AT o K5 I — 2 T A IR T 48R ADN AR
[ A ) B P O B A v, 8 R A i I o B
W TR BRERE FROIACS00 LB S, 9 000 r/min
B30 s, FiERVEW, R BRI I A
[i1) W% BRFARE H oI AS00 WLEEVR, 12 000 r/min
030 s, FE FIEW, B BRAT IS AR A

FIA0.3mol/LIY & A AL BNIA 300 pL, &R E
15 min, 9 000 r/mini.0030 s, 7+ LG, Kk
BRI TS AR A b o 1) M R AE O AL500 pL IR
W, 12 000 t/min5.0330 s, 35 FIEW, K BHEE
AR R, A LR R T S TR
B min, SREEWINFERE A — DT 1.5 mL
BLOAT TR ) B R e (R R S TR TS5 pLgk
WM TB, ZIRCES min, 12 000 r/minS.C>
3min, FEIK, KDNABRICESE.LET,
1.2.3 WHAAHF FHPCRH#E K ( methylation
specific PCR, MSP)

PCRIZ AR ZR . A AR £ AL Bilid (DN A
4 uL, 10 x PCRZE M2 pl., 10 mmol/L ANTP
0.5 uL., EFWESIY (5 pmol/L) 452 pl. Taq
DNAZATE (0.05 U/ul) 0.3 ul, ff54hseddH,0
£20 mL.

YL 94 CHIALES min, 94 CAEHE20 s,
56~60 C (HRIEAFRPCRAEATm) 1B k20 s,
72 CHEAH20s, MEFR35~36 M, F)572 CHEAH
5 mino FH2.5%35 e BEEE RS HLIKA IPCR ™).

BELHPCR N 44 B BHHE X BE 55 B X AR
PR HECR FHPTC A 22 U JE P ZH DN A 285 -A
Z= M H Al A BT F VA PR A B £ 1T A
BAPE X B R ddH,0 . RCPEZ I 51 #1% Filhttp://
www.urogene.org/methprimer/# W I 5[ 9115 11544
HATEGT (MSPR BB ILF2) .

1.3 #MARFE
1.3.1 PTCA KR Y A8 X &S

T 78 rha i X URPTCARAE R . 1 IE %
HARBR A ZURIBXTPTCAH L S s5 4L, 1718
i L DNASE R 24kl /¥ ( Methylcap-Seq#%
AR w125 R e e R 21 Ak, 2L
P& FAEUCSCM 47 (http://genome.ucsc.edu/
cgi-bin) , I EYEEFETF BRI AT gl
FEX SR FER
132 TTEALE 5

i X UCSC R ul F B8 0 =0 8, %)
A AT BEAFAE SR H AR BE R 461>
(F3) o N ssE. O FEREFHT. 1
SRR Ay @ FECPCR LS O
S HEALIEE X W) 5 @ EHS e RES
S IER AR EES
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Tab.2 Primer sequences of MSP

Gene Forward primer (5°-3”) Reverse primer(5°-3”)

NLRP6 TTTAGAGGGCGAAGAATATTAAGAC TCGTCTAAATCCATAAAATAACGAA
HOXD10 GTTTTTAGCGCGTATTATCGC CCCGTATAATTATAAATACCTCTACCG
ETV7 TATATAGGATAGGAAGGGGTTTCGT AAAAAATATCAATCGAAATCTCCG
SLCAA11 GGTTTTTTTGAGAAAATTTTGTTTC GTAACGAAAATCGAAAAAACTACG
FNDC1 TTATGAGGGAGAATTGATATAGCGT TAACCTAAACTCTAAAAAAACCGAA
FLJA2875 GGTTAGTGAGCGTTTTTTTTATTC AACCTTCTACCTTAAATCCTCCG
SPAG6 GATTAGATTTTAAAATATCGAGACGT CTCCACGAACAAAACAACGA
CDHR1 GTTTAGTAGTTGGGTTTGACGC AACCATATTTCCGTTAATACTACCG
MGMT TATAGGTTTTGGAGGTTGTTTTTAC TAATAAAAATCCCGATCCTACTCG
FOXG1 ATGAAGAATTTTTTTTATTATCGCG ATAATTACCCTTACCCGAATCGT
LOC400456 TAGCGTGTTTTTTTACGTTTTAGTC CGATACCCTTATAAACCACTACGTT
FAM654 GAGTTTTTCGGTTTTTAGTTCGTC GTATACACCAAATCCAACCGC

C16 or f48 TTAGTAGGCGTAGTTTCGGAGTC AACTTTCTCTTTAAACCATAACGAA
MTSS1L TATATATCGTATATAGTAGGGCGCG CCAAAAAACTTAAAAAAATCCGAA
CHST8 AATAAGGATTCGAATTTAGGGTTTC ATACACACTCGAAAAAACAACGTA
CCDC140 GTTTGTCGTTGATAAAAATATCGTC AAACAAAAAACTACGAAATTACGTA
TMPRSS2 GGACGTTTAAGATTTTTTTTAGTTCG ATACCCGAAAACAACCACGT
MFAP3L TATGGAGTTAAATGCGATAAATTTC AAAACTCCGAAAAACGTAAATACG
ZCWPW1 TTTTTTTTATTTTTATTTTTGTCGA GCTACCAATCCTAACACCCG

FGFRI1 TAGTTTTGAGGTTGTATTTGGTAGC TATACGCTAAACCCTCGTTAACG
ZFPA1 TTAGGATATTTAATTTGCGGTACGT CCGAAATATACTCCCAACCG

FOXD2 CGTTTTTCGGGGAATATATTTC ATTAAACAAACAAAATCTCAACGTT
ERN2 TTTTATTGTATAGTAGGTATAAGCGG TAATAACCCACCGAAATCCG

CDHR2 GTTTTGTAAAGGGGGTAGGAATC TTCGAATAAACTTATCTTCCTCGAT
RHOC GAGGGGTTGGAGGTTAGTTC GATTCCGATTACAACAACGAT
FGFR2 TTAGTTTGTGGATTAATAAGGCG TAAAAACTAAAACAAAAAAATCGCT
ATHLI1 TTTAGAGGGCGAAGAATATTAAGAC TCGTCTAAATCCATAAAATAACGAA
HOXC-AS5 GGCGAGTATAATTTTTTGAATTTC GCGACGTAAATAAAACAACGAA

HOXC9/0XC-AS2
ZIC2
EXOC3L4
Cl4 or 23
TRIM72
MT1X
CNGB1
C16 or /96
ACD

PPY
HOXD13
SIM?2
ZBED3-AS1
IRX2
TEAD3
GFODI1
LOC401463
AGPAT6

GTAATTATTTATTTTTTTCGTCGG
TCGTATTTGTTTTTATAAATTTCGA
ITTTTTGTGTTTTTTCGTTGTTTC
ATGAAGAATTTTTTTTATTATCGCG
TGTTTATTCGTTAGGATTTTTTCGT
GTTGTGTATAGGAGAAACGTGGTC
GGTTTTAGTTATAGGTAGGGGAACG
GAGAGTAGTAATTTGTTCGGGTATC
TTAGTAGGCGTAGTTTCGGAGTC
GTACGAATATTATTTGGGAAGGC
GGTCGTTTTTGAATAATGGTTC
GCGTGTATGTTTACGAAAGGTC
GCGTGTATGTTTACGAAAGGTC
GTGTTTGTCGGTTCGAGTTTC
TTGAGGAATTTGGCGTAGATC
TTCGTTTCGTATTTATTTGGTGTC
TTTATTTTTATAGTAGGGAGGTCGA
TCGTTTTTTAGGTGGTGTTGTC

AAAAAATTTTAACTTTTATTACGAT
CTACCTCTAAAAATCCCACAACG
CCCTCACCTAAACTATAATCCGAA
ATAATTACCCTTACCCGAATCGT
ACCTACACTTTATAAACCAACACCG
TAATAAAAACAAAAAACACAACGAA
AAAAACGAATCTCTCCAAAACG
CTATCCCAATAAAAAAATTAACGAA
AACTTTCTCTTTAAACCATAACGAA
CCGATAACTAAACCTTAATCCGAT
ACTTTATTCAACCTACAACACACGA
TAAAACCGAAACCGTAACCG
TAAAACCGAAACCGTAACCG
TCGCTTAAATTTTATTAAAATACCTCG
AATAAAACCCTATCTAAACCCCG

AATTATTTTAAACTCTTACAAATATCACGT

CATACTAAAACAATCGCAAAATCG
ACCTCAACCTATCTATCTATACGCC
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Tab.3 Aberrant methylation loci from screening

Gene Chromosome Start-stop point Translation direction Region Type
FLJ42875 chrl 2983289 2986289 - Promoter
RHOC chrl 113254025 113270025 - Enhancer
FOXD2 chrl 47901688 47906363 + Exon 1
SPAG6 chrl10 22632373 22635373 + Promotor
MGMT chrl0 131263453 131266453 + Promotor
CDHR1 chr10 85952411 85955411 + Promotor
FGFR2 chrl0 123361972 123377972 - Enhancer
NLRP6 chrll 276569 279569 + Promotor
ATHL1 chrll 269137 285137 + Enhancer
HOXC-AS5 chrl2 54337427 54353427 - Enhancer
HOXC9 chrl2 54373876 54389876 + Enhancer
ZIC2 chrl3 100614025 100630025 + Enhancer
FOXG1 chrl4 29234277 29237277 + Promotor
EXOC3L4 chr14 103546480 103562480 + Enhancer
Cl4 or f23 chrl4 29221909 29237909 + Enhancer
LOC400456 chrl5 95869329 95872329 - Promotor
TRIMT2 chrl6 31205341 31221341 + Enhancer
MT1X chrl6 56696381 56712381 + Enhancer
CNGB1 chrl6 58009020 58025020 - Enhancer
C16 or 96 chrl6 4586490 4602490 + Enhancer
ACD chrl6 67698718 67714718 - Enhancer
ERN2 chrl6 23724415 23724821 - Exon 1
MTSS1L chrl6 70718954 70721954 - Promotor
FAM654 chrl6 67569364 67572364 + Promotor
C16 or f48 chrl6 67699628 67702628 - Promotor
PPY chrl7 42023833 42039833 - Enhancer
CHSTS chr19 34110860 34113860 + Promotor
HOXDI10 chr2 176979491 176982491 + Promotor
HOXD13 chr2 176937531 176953531 + Enhancer
CCDC140 chr2 223160865 223163865 + Promotor
SLC4A11 chr20 3217835 3220835 - Promotor
SIM2 chr21 38051990 38067990 + Enhancer
TMPRSS2 chr2l 42878992 42881992 - Promotor
MFAP3L chr4 170946429 170949429 - Promotor
ZBED3-AS1 chrs 76362622 76378622 + Enhancer
IRX2 chr5 2755769 2771769 - Enhancer
CDHR?2 chr5 175969511 175969770 + Exon 1
FNDC1 chr6 159588428 159591428 + Promotor
ETVI chr6 36354577 36357577 - Promotor
TEAD3 chr6 35468861 35484861 - Enhancer
GFOD1 chr6 13476295 13492295 - Enhancer
ZCWPW1 chr7 100025431 100028431 - Promotor
LOC401463 chr8 65493820 65509820 - Enhancer
AGPAT6 chr8 41415706 41431706 + Enhancer
ZFP41 chr8 144326990 144329990 + Promotor

FGFRI chr8 38324363 38327363 - Promotor
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1.3.3 MSPiH &

BT XA BT SESE DR 55 43 B T MS P |
Y1, FH88KTIf RFRA DN A HEA T MSP K2 A6 56
Pk 5 A S A7 A 3 S Al 22 S R S R
FE ot 3L A Ak 5 R I PRAFTE IR G R
1.4 ZitZFAE

AHFAH FHSPSS 1.0 421 7881124530 #r
KHCKE | logistic A%, P<0.05 %R
EE -9

2 4 B

HR 5T TAEMethylcap-Seqd AR H 37 1y
FODR B s 4 AL P 2 fb i st (), @
WG B2 T B M 3RS AT e A AE 25 S i L
i1 8564, #E— PR WA 1, ¥
A i 5 HH AT BEA7AE S0 F AR i JE R A 460
(#3) .

7.944 88~

1.881 89_
NLRP6 <}
NLRP6 <

CpG Islands
RepeatMasker
i

1 FORRRE B E AR RN L E S
Fig. 1 The chromosome ideogram and methylation of NLRP6 by

M

Methylcap-Seq

The blue bar represents the NLRP6 gene and the green bar represents
the CpG island. The spectrum represents the methylation level from 3
pairs of PTC and its paracancerous tissues (from bottom to top were
PTC 1, paraPTC 1, PTC 2, paraPTC 2, PTC 3, paraPTC 3)

MSP45 B 445875 HOXD10K: [H 5 FOXD2 3
PR 3l X AT o H A s . HOXD10E HI 78
HUR IR i L 20 44 . 4% 7 18 = W 3R fb e 28, TiAE
e {Y20.5% ( P<0.001) ; FOXD2KENAE
HUR B s 4180 54.5% A7 78 = Y 3Rk ks, Thi7E
FER A U38.6% ( P<0.001) o, FHAXKLP
MSPZE R 2R TG B X (K2, #£4) .

. _

N TNTNTNTMNTNT N T P Negative

. 0_

B2 MSPHEKEHF]
Fig.2 Electrophoretogram of MSP

T: PTC tumor tissue; N: Adjacent tisue; P: Positive control; Negative:
Negative control. The adjacent bands were from the same patient

R 4 HOXD10FAFOXD2ERERRIBEBZHANRELESR
Tab. 4 Difference in HOXD10 and FOXD2 methylation between

PTC and adjacent tissue

[ n(%) ]

Gene Adjacent tissue PTC P value (1)
HOXD10

Methylation 18 (20.5) 39 (44.3) <0.001

Non-methylation 70 (79.5) 49 (55.7)
FOXD2

Methylation 34 (38.6) 48 (54.5) <0.001

Non-methylation 54 (61.4) 40 (45.5)

A3 M HOXD 10K FFOXD2 35 A I 3 7 i
FACE 5 B IR IRAFAE CAREY . PR, &k
KN, BEIMZ . /L. EBEEHAR
RIS . AR ST 255675 ) BIAHOCHE
HOXD10KE [ 3 F LA ol AR 5 FIR IR i k1 £
JEPEAEE (P<0.01, OR=3.71) , FOXD2X:H
H AL s 5 HUR BRI kMR AR DG (P<0.01,
OR=5.91, %5) .
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&5 HOXD10FIFOXD2REN N E S BE IR KRIEFFHERN
axtE
Tab.5 The relationship between methylation and

clinicopathological features of PTC

Clinicopathological HOXD10 FoXD2
feature P value OR P value OR
Age>45 years 0913 0.947 0.843 1.105
Male 0.345 1.685 0.315 1.750
Tumor invasion 0.112 2.984 0.041 5912
Tumor size>1 cm 0.770 1.163 0.792 0.872
Multifocality 0.050 3.716 0.724 1.254
Hashimoto’s 0472 0.551 0.325 0.441

thyroiditis

Central lymph 0657 1271 0.518 0.705
node metastasis

Lateral lymphnode 13 33, 0.948 0.956

metastasis

AR PTC ARG BT, B A%
RIS, (BT HBUS XL, Harror
587 1) 22 4 v T BB 9 L3012 B L S 1
Al FO T FRUR R R B4 11 R 32 T S BRI R
I T A AR A RN DR IR P, (R DL X o R
FIAE R, A0S T AN 2 K A S T AR I
(AT 40K, XoF B TR B R i I2 B 1) SR S Ry
SEPETIAS5% L E VL BN A BRI A
73— 7 B SRPTC I AR T 324y, AHATY A &R 43
BEMIRE LK, i) 2B UL TR
P, IR LERZ AMERIEPTC, HATIGR X
R AT R SRR — R IR, TR
—Fofr FFPR B e S MR 1 0 AR R R AT DG
B, A BT DIEPTCRY e Wt . 1497 7
SRR RIS PPAL 7 PR AR B . FeMas 2=
AR TR A R R A — 8T
Jriy, HATDNA R AL B R A i UL A R 1L
MO, FEMR AR R EE A RN T
TE2EAETY, ML 2E AR bR AE R o0 T s (R A
FER AN A, HATA ISR, Rassf14.
TSHR . RARB2FITIMP3Z5 11 B R R R R4 57
P DR 3 R i b A A e Y SRk R IR R
RV, XSGR R BRI

EIX BEL R B = R S, MELIE R4 Fhrak
N T2 W RS PEA o AR 5T A B O O A
PTCHVFAE S B AR 0 3 PRI SR IBUE 78 1 3 00
WL TR B

AT AT 856 11T GEH FLALAL 14, T XM
& HOXD105 FOXD2MANJE KA 8l 7 X A7 AE S
F AL P78 . HOXD10FE [ LAERA 2 —Fh 4
SRR S ST, R BRI AL RO 2R R B
R R IE AR, LRSS R LHOX K
W R A B R S JR RN 2 i v e HE R B
WA EER ( HoxB13 ., HoxA5 ., HoxC6%% ) Lok
UESEPE i . FUBRIE . 45 e v Ae e W 34k A
2020 HOXD 10 PR i S 78 S A A
S AETE i PR b s . 7E AU v R I
HOXD10Z6E & B 34k 45 05 1 i BF 78 38, AR
W5 & E, HOXD10K:HAEPTCH 77 i H 34k
AR, I HLS R e i 2 kAR O, T
FEARA AT REAZEPTCH [R)RE K 44400 9 i RV FH O
Z H A, BARA it — 2P SR Ik
FOXD2RER JEFOXF, s R — 51, FOXHK
L R R i 2 8 2 R v 2 O B A R 1
., S&EKEF . %RV LR 6 & A A1
X, FOXE1, FOXP1Z:N N 55 5L e 40 i i
LR AR LR S s U AE 56 ) . FOXD23E
HATHCH IR, AR, ETHE 40
t, FOXD2HE PR3 3 1475 ¢ A MPd %44 38 1 35
VTR E T 955 c AMPIE G BSR4, T AMP
A % 1 IR B v A A Sl e, S TSHAY
PR YIASE, HEN FOXD2EELH F AL A Al figiE
1T cAMPIE RIS PTCRY & . K, EARA Rt
— R RIE

ARWFFE G AET A I PTCH A] BEAE7E 7 4L 34
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