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Application of PiggyBac in Transgenic Mice
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Abstract Low transgene expression ratio in transgenic mice produced by male pronucleus injection of
naked DNA into fertilized egg limits its application in various research purposes. In this paper, we used trans-
poson piggyBac mediated transgenic method to prepare transgenic mice. The transgenic efficiency and transgene
expression ratio were compared with that in traditional transgenic mouse preparation method. The agouti gene was
chosen as transgene, driven by PGK promoter and cloned into the piggyBac transposon cassette of plasmid pB232.
The transgenic positive rate was 18.4%. 8 of 9 transgenic mouse founders showed agouti fur color phenotype
which was much higher in ratio than that of traditional method. The results also showed that agouti gene ectopic
expression could lead to obesity which was consistent with previous study. In conclusion, our results indicated
that comparing with the traditional naked DNA pronucleus microinjection, piggyBac-mediated transgenic mouse
approach could significantly improve the expression of transgene in transgenic mice. Furthermore, using our report
vector system, transgene expression positive transgenic mouse could be easily selected according to fur color.

Key words transgenic mice; piggyBac; agouti gene; gene expression; male pronucleus microinjection of
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Table 1 The primers used in PCR

EIE7E 2 Fe3

Name of primers Primer sequence

agouti-F 5'-GGG GTC GAC GGT AGC GGA GCT ACT AAC TTC A-3'

Neo-A-R 5-GGG AAG CTT TCA GCA GTT GGG GTT GAG TAC TC-3'

Neo-A-F 5'-TCC AGC CAA GCT AGC TTG GCT G-3'

Neo-R 5'-GGG CTC GAG GAA GAA CTC GTC AAG AAG GCG A-3'

polyA-F 5-GGG AAG CTT GGG GAT CAATTC TCT AGA GCT CG-3'

PolyA-R 5'-GCA CCT GTC GAG TAC TCAACC CCAACT GCT GAG GGG ATC AAT TCT CTA GAG CTC-3'

| |
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—

pGK-neo-2A-agouti-bGHpA

3 TR pB323 backbone

E1 agoutiF RAHREE
Fig.1 The schematic diagram of components of agouti vector



936

ST

B, 2200 1545 2 2H 1A/ Rl

H2~4 8 w8 1) 7 A/ R 920.5 om, 42 B
DNA, HPCREK Mllagouti LR, -5 vt H A= 2 Fl i
FEDRI AP, 514 W ID-Agouti-F4-655(5'-TGC CGA
ATA TCA TGG TGG AA-3") F11D-Agouti-R4-655(5'-
GTG CAG GCG CTG CCG AAG AAA C-3"), Wk
FH K50 plo
123 #AR PR EE. KT KR Fragouti L F
AR EIERE N R B O R
AT ILEEFIRR B o e JE DR /N BRAT 22 SR AE AL B s, 3R
AR N SN I T = SN i P I S £ 29573
RS E 21 27, #1050 me, fiE HBRNA, 4%
Kt TReal-time PCR, LU M agoutiFe KIAEAS A i
A T 2 R (1) 2 3K 1 (LA 5 DRI B A 6 D .
Mastercycler Epgradient® A4 3E17 4347
124 #3A R R FpiggyBacks & T M5 7)) 2
Fragoutih B ¥ N aAzm  H EIRFEIEIBAME 148

/NEURARDNA AR, FIPCR K7 724000 W3 2l agouti
B B DRT B P AR/ BRI PR AL 2 75 A7 A piggy Bac i
JHE - 31 51 (piggyBac k% JAE 1~ DL AN e 3 DR 4 44 I
[ kLT 41); FReal-time PCRAS 4% Je D] H 74 /) il
LR P agouti B PR AR 45 DLEL.
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Table 2 Statistic results of the offspring natality and their agouti positive rate

2 PR E ] VR (G W s Ko X R agoutiFEFIPCREY  agouti3EFIPCREY  Agouti B (A BH PE Agouti B a5
) (%) EEAE B L) WFHYE (%) (62) (%)
Group The number of ~ The number  The birth rate The number of The rate of agouti ~ The number of The rate of
cells injected of birth (%) agouti positive mice positive mice (%)  phenotype positive  phenotype positive
mice mice (%)
Group 1 300 37 12.33 6 16.20 0 0
Group2 340 49* 14.41 9 19.15 8 88.89

2R BUE AR SR FET, W T agoutiFE IRIPCRAS I BA 14 28 1 HH A= 4 47 HUT 5T

*There are 2 offsprings died after birth, so the number of agouti positive mice are collected as 47.

(A)
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BOOMD BB ORORANRALE. 14, 7. 12, 10 8. 9,
agoutiFE NI H /N o

155 /N i agouti B EABH /N 13 M agouti BRI B /N L 7254

The mice with yellow coat were of bigger shape than the black coat mice. The mice marked as 14, 7, 12, 10, 8, 9, 15 are phenotype positive; The mouse

marked as 13 were agouti positive; The mouse marked 72 is agouti negtive.

B2 agoutitt HEFE RISERFHIERIER

Fig.2 The coat color of 18-week-old agouti transgenic mice
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WTH B A5 047K X M7 1 Kb marker. 1~6 411N BUREAR, 7~15 K 412/ P45
WT: wild-type control; 0: blank control group; M: 1 Kb marker. The lines 1~6 were from the mice of group 1; The lines 7~15 were from the mice of group 2.
13 agoutiPATE /)N R B F 4 hpiggyBacl B E ML E
Fig.3 Identification of piggyBac flanking sequence in genome of agouti positive mice

&3 T 5 H agouti®E E E PRE/NFR BYHEN AL AT

Table 3 Identification of insertion site of positive transgenic agouti mice

G AL RUT A RN EAN A
No  Flanking sequence Chromosome  The location of the insert
7 AAC AAAACTTTTAAAATT TTT TTC (R) Chr 10 Lactation elevated protein 1, between exon 11 and exon 12
TCATTTTTATTT AAG ATA TCT ATA (L) Chr 5 GPN-loop GTPase 1, between exon 2 and exon 3
8 AACAAAACT TTTAAAAAT CTACTA (R) Chr 1 Probable between alpha-ketoqlutarate-dependent dioxygenase ABH 5
and lethalgiant larvae protein homolog 1 isoform 1
GAA GTA CAG TTT AAG ATA TCT ATA (L) Chr 11 Between uncharacterized protein LOC432589 and uncharacterized
protein LOC217122 precursor
9 TCATTT TTATTT AAG ATATCT ATA (L) Chr 5 GPN-loop GTPase 1, between 730 to 1 748 bp.
10  AACAAAACTTTTAAT CGC CTT GCA (R) Chr 15 Between uncharacterized protein CXorf49 homolog and
uncharacterized protein LOC399603
TGG GCT TAC CTT AAG ATA TCT ATA (L) Chr 6 Between polyhomeotic-like protein 1 isoform a and beta-citryl-
qlutamate synthase B
12 AACAAAACTTTT AAG ATATAC TGA (R) Chr 8 Between copine-7 and sulfotransferase family 5 A-member 1
TTC CAC ATC CTT AAG ATATCT ATA (L) Chr3 CLONE RP24-66H10
14  AACAAAACTTTTAAACACTTT GCA (R) Chr 11 Ran binding protein 17, between exon 19 to exon 20
GTA GAC TAG GTT AAG ATA TCT ATA (L) Chr 18 Casein kinase I inform alpha, between exon 4 to exon 5
15 AACAAAACTTTT AAA GGA GAC TCC (R) Chr 3 Between prostaglandin F2 receptor negative regulator precursor and T

cell surface antigen CD2 precursor

TARN 84 . agoutiZt IPCRAS I Al 6 1 3 74 3
KGR NFK2. Hrh, “Agouti/FRL Bt fHME”
B e B Ry WA KA. E2RR

agoutitf FEDR FR 8 Ji 8 I 11 B (2728 Ah Y R (A 3 (2. 21
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B 1R 72 5 FEARAE R 0]
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ZHURE AT I IE) Ay 5 BE A, 29N FEA A HH
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Fig.4 The copy number of transgene in positive transgenic

Group 2

agouti mice of different originate
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Fig.5 agouti gene expression profile from different fractions in yellow, grey and black positive transgenic mice
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BE  RARER LR EIUIRBARE A KR B KF 6 ik Mt & JFAR B AT 5] 4 % 20
JOLNCaP-AL#) #8 & X R4 oA 5, 4T 58 0 5 A& W15 8 F 5 4 3£ 45 32 876/ peak(p-
value<1x107), peak-F ¥ K & #4673 bp; ¥peak/s 7| T Az B|Hgl 93 R 40, A1 865N ¥k, H F
fold enrichment=1049 2 B A 425/, tpeakAd x A B #ATCOAT LI, S, minsa s, mie
FAR. A MR B KR BALF) AT AL, MpeakAl KK B BHATEBRSAT LI, HAE A, Rt
W FRET A RAIROAE. BARBMFETARMMXOAR XS 8. Fikk7MELARYE
A B, KA Real-time qPCRIL AR 57 E 111 FELNCaP-Al 28 it Fo 4 33 F AR #0HE AT 20 AR 9% 28 LN CaP
FDTH#R] 449 B P, £ FUDHT R LT 2% 7%k AR¥e 3K ) ZELNCaP-Al4a e 649 R ik, Ak —
W B RO F AR BT 7 ISR &) AR UM AT 51 M AR AR P AR R AR AR 6 T ek
R teAe £ EXTZER.
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The Screening and Identification of Androgen Receptor Target Genes in

Androgen-independent Prostate Cancer Cell

Xu Sigi'?, Liao Zhaoping'?, Liu Chunhua®?, Cheng Yue?, Ji Lili'?, Duan Xiuzhi*, Chen Yuhua®, Tao Zhihua'**

("Department of Clinical Laboratory Medicine, First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China,

*Department of Laboratory Medicine, the Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009,
China; *School of Laboratory Medicine and Life Science, Wenzhou Medical University, Wenzhou 325000, China)

Abstract Chromatin immunoprecipitation assay was performed to screen the androgen receptor binding sites
in androgen-independent prostate cancer cell LNCaP-Al in the whole genomic. Using high-throughput sequencing and
bioinformatic analysis, there were 2 876 peaks (p-value<1x107), and the average length of peaks was 673 bp; locating
each peak in the Hg/9 genome, 1 865 genes were founded. There were 425 genes which the fold enrichment was
more than 10. It could be founded that the top five genes were associated with cell, cell part, cellular process,
binding and organelle by GO analysis of peak related genes. Genes associated with focal adhesion, metabolic
pathways, transcriptional misregulation in cancer and purine metabolism were the majority by pathway analysis of
peak related genes. Seven candidated AR target genes were selected to analyze the reactivity to DHT stimulation
in LNCaP-AlI cell and LNCaP cell by Real-time qPCR. The result showed that DHT stimulation could change the

expression of seven candidated target genes in LNCaP-Al cell. Our data play a vital role in the further study on
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androgen receptor and it’s regulated target genes in the process of androgen-dependent prostate cancer progress to

androgen-independent prostate cancer.
Key words

target gene

I 1) JIf 5 (prostate cancer, PCa) /& 74 J7 %3 1 &
s e g I IRt Aok, B AENE U7 U B,
W EPCalf) ki # B LI RpEaAE, kHah
7 ZPCalf) 3 EIGT7 F B, - IPCa i Ml ¥ 25 H
:(androgen-dependent prostate cancer, ADPC), H:74
I7 SO T R L Hy M IPCal )Gy T- B TR
TG MR 2. TE2~3E SRR S, KA
S R R A R S T P T S R A R 2 T )
(androgen-independent prostate cancer, AIPC), il J5
W 229, ¥ % 52 VR (androgen receptor, AR) M #% 5%
AR ZR GRS DA 22—, "R T AR I D RE AR R A%
PCal) & “E K Ji& LA S ADPC [ ATPCH% 44 [ o i 6t
A OB B AE M, AR K HL TR 4 A I TR F)
AR T BARME TR 1) XA, T HRATPCAH i )
S B ARBEIL R X T iR AIPCI) & AR A7 36 5 32 5 3o
AT FTAL H G €0 5 4 93 FL 3T ¢ (chromatin immuno-
precipitation assay, ChIP)H £ =yt 12 /557 A (ChIP-
seq) 7 4= JE A 21 7K SF- % AIPCAH s LNCaP-AI'"'ff] AR
HEIE DT IR 1k 5 W10 5w, VIPIREEAIPCRK A
Hha] Be A SR HI I ARSESE [T o

1 MRERE

1.1 ##

1.1.1 wAEHimie  ADPCHIILNCaPIy H H [
BREEBE A0 i 2E, Br 97+ & 10%M6 4 35 (FBS)
FI25 F5 W F . AIPCYI HULNCaP-ALK A 52 5 25 fiif
WO 5 ) 1R i % A AORS M T 41 I 4 AR
R 9215 10%05 W [ AL FRFBS(CCS) K IDMEM/F 12 %
TS LT 5 FEM0T o 4E5% CO,. 37 °CREFRAE TR FE, 40
WIAEARS 553~4 d¥I— IR, 7 d e AR — IR

1.1.2 WukEfiamie TR K R
FELNCaP-AL4H i ] 3 1 7 46 )5 A% AR 115 emKf 3%
L, A5 40 A 2260% A2 A7 I — K, 72 hJa i
10 nmol/L DHT, 24 hJ5 440 e 24T ChIPSE S . Ab
T B KA T FRLNCaP4 g FILNCaP-Al
0 Jita FH JBR I A0 5 AR AT /S FLARORE 77 L, 45 40 i A=
K 4260% 2 A7 I H 2 10% CCSHIDMEM/F12 1 41

prostate cancer; androgen-independent; chromatin immunoprecipitation; androgen receptor;

BRI X, 72 hJE I 10 nmol/L DHT, 7371+
0,3, 6,9, 24, 48 hj5 AR A0 kAT SR

1.1.3 22K F FLE  EZ-Zyme™ Chromatin Prep
Kit(Millipore A 7] ); F123557 45, DMEM/F12 Gy 4L
K973, (GibcoA 1l ); FCS. CCS(Biowest/ i ); anti-
AR(Abcam’/A 1] ); Protein G Magnetic Beads(Millipore
/v 7] ); NE-PER Nuclear and Cytoplasmic Extraction
Reagents(Thermo2 7 ); DHT(Sigma/A m ); & RNA$E
A5 Trizol(Invitrogen 2 ] ); Transcriptor First Strand
c¢DNA Synthesis Kit(Roche’s r] ); PCR Purification
Kit(QIAGEN/A F] ); SYBR Green Master(Roche/A ) );
CO, 5574 (Thermo /A 7] ); f5'E B BT (JE R A A );
Stepone plus3E 58 6 i€ B PCRAX (ABI/A ] ); HBEHR %
B4 (BIO-RAD/A 7 ); Hi#K1X (BIO-RAD/A 7] ); Nano
drop 8413 H6 6 EETH(Thermo A 7))

1.2 F&

1.2.1 LNCaP-Al%8 J& Jo it A= fEAZARSF &9 £ 0|
WA 2210 nmol/L DHTH 24 hiij 5 fY)LNCaP-AI4]
JH0, 4% W] P REAT AT, 20 0] S UM AN A% H 1,
PABSA K A3k i BEAT 7 5, 100 °C 5 minff Az (14844
Jo DA B HE AT UK B B E —Pi(anti-AR).
B E P, T A O, LLGAPDH A N £
HU AR 185 o

1.2.2 LNCaP-Al%mfe &/ %zt (1)ChIP
Ji ¥ & JELNCaP-AI4H B AR%S 45 47 £i: LNCaP-Al
i i £ LK 35 75 +10 nmol/L DHT 24 hJi5 e 4 41l fi
JF 4% # Chromatin Prep KitfT ik PA80 UTil Bk B 4% IR
il o) 4> 1074 40 L R AT B (0 T 1y Bedk, BG4
J5 B % 294%10°41 Jig/tube I AT 43 2% I 56 UE 1§ 1)
ROR . R0 i v Bl R AES00 bpld R, BIFE
ANEp# T i ADilution Buffer, J#%] J5 BU1%1E 4
inputfifi 77 14 °CUKFT % 1, 1EANF FEPE 23 7
5 ng anti-ARF120 pL Protein G(ChIPSZE4H). 1 pg
anti-RNA pol-IIF120 pL Protein G(ChIP B % FE 4.
1 pg normal IgG#120 pL Protein G(ChIPPH X H4H),
HE TR % T4 CERAM T . $%Massie
S B AR REAT S A WU, BE S U inputf,
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Xfinputs AP [ Iy BEAT pE ¥ S e i ), 4% JRPCR
Purification Kitii B #E47 44t 3 30 uL DEPCIK 3t
JBE, BT 75 B OB R 75 ChIP & 4 T A AR S 47 55 o

(2) B (5 5T G D) 8RB0 UE s O i G € 5T By
W, $%H Chromatin Prep KitfTih AT ik A il A e )i,
#4100 bp DNA ladding markerF145 A & 7] I AE
HEAT2% B NE B B I FELUK, 85 V 30 min/ i BEIR & T
BB BARAX, FIBTDNA v BUKC S

Q)YE £ & =W 1 FHNano drop 2000147
DNARIE . Do/ Dasolll 5 o« FT HF8ATF, #IUGAL S5 H
2 uL DEPC/K#E4Tblank, A 36 )8 _F b2 pLAs
SEAE i, R 5 S R T LI S

(4)ChIP & HERCR I & AR R4 A ke LAChIPR]
X JRONTEH 2 %) FEZHDNA Jv B/ W PCREEMR, GAPDH
SR BE 5 14(3R ), iliid Real-time PCR&E K H)
WIChIPSE 50 A 5 J2 15 i Uy FHChIPSZ 4 ZHDNA Jv B
& HPCRAMR, 2 AREFJPSA PromotorFE R F BL(F1)
YEA514), i Real-time PCRES HokA)) 20 H Wranti-AR
HEBIL DR B AR . PCRIUNAA R A2 2.0 pL DNA,
12.5 uL SYBR Green mix, 1 uL primer, JIDEPC/K %)
JE 4225 L. PCRI N FEF 4 94 °C 10 min; 94 °C 20 s,
60 °C 1 min, SOME . PCRE A 5 i 15 3 4k 436
FLAL, FEZ 5 I I 2 i AS RN CHfi . Blinputy
FEVE, VISR AR B AR RE (% of input). E
5, ¥ Ct(1% input)if] £ #Ct(100% input), Ct(100%
input)=Ct Input(1% input)—6.644; =i 2, Percentage
of input=2~[Ct(100% input)—-Ct IP]*100%.
123 ZHAZFNFAENE &4 Hllumina

HiSeq20009 /7> 43 A 5 eIl )3 J&, % J5 4 B E AT
25 g LAk R A R AR IR HR AL B, Rl A clean
data. i HSOAPH 4 ¥fclean datats Hgl93E K 4
FIHEAT HEXS, SR VEASER R 2R (O A e, rp B )
FIFE 4] L —47 & [freads(ME — b X reads) ks H T
JE SR BT . BEME— L S reads AL R 41 5 % %
PEPERLL X, et readsfEFE DA R] X . FE AT 55 F X
FEDIAM B IX L FE 3720 KbAIFE A 5720 Kb
At L. Al FIMACSH A, 5T Poisson 7y A7 455 /Y
7E 4= 5L R 4] 7K SF 13547 peakd ffi(p-value<1x10°7°), A
73 Bllpeak /EFE K2 LA B A EL . peak X 187 51 (5
RVGE o B a EAT peak AH DG KL R 9 1%, 0] AH DG R
AT GOLIREZR HE 43 M Flpathway 70 4T o

124 DHTH) % o 1% R AR¥e 3k ) & 34 K 89 45
o (DM RNASEE: LNCaP4ll fg iTILNCaP-Al
LYk 75+10 nmol/L DHT, 0, 3, 6, 9, 24, 48 h
Jei o3 W SR AN L, i A\ Trizol, 285 74 B T HE A1 75%
LBEVEH AT G, TN 55 °CTHI# ) DEPCIK 50 uL
FARRIAT . (2)RNAMREERT I : i H] Nano drop 2000
Fie EREEAE AT . B)RNAWHE S fHi 1 ng
RNAZ% Transcriptor First Strand cDNA Synthesis Kit
YRR, B RNARR A 20 plo NV 45 R F
P RAE %4 H . (4)Real-time qPCR: 2.0 pL ¢cDNA,
12.5 uL SYBR Green mix, 1.0 puL primer, il DEPC
JKAMEZ 25 pLo 94 °C 10 min; 94 °C 20 s, 60 °C
30 s, 50MEHR. LLGAPDH )N, 4 LNCaP4i
J{LFI LNCaP-ATZH i Hh £ 51 DR () AH G 2808 o DL K
LNCaP-AT41 A5+ T LNCaP 40 g 45 #5358 DR 1)+

F1 ALBFAASIMFTITIZR

Table 1 List of primers used in the experiment

B FEGIG—3D TG 3D

Genes Forward primers (5'—3") Reverse primers (5'—3")

GAPDH TAC TAG CGG TTT TAC GGG CG TCG AAC AGG AGG AGC AGA GAG CGA
AR GCC ACT CAG ACC CAC TTA GC CCT CACTCT TCG TCC ACATCG

PSA CCTAGA TGAAGT CTC CAT GAG CTAC GGG AGG GAG AGC TAG CAC TTG
PTGER3 ACG GAG AAG CAG AAA GAATG GCA GGG TAA GGA GGT GGA

FOXP2 ACA CGC ATT GGATGA CCG A GTC TGA ATG TCG CCT TCG TAT G

FNI ACA CGC ATT GGATGA CCG A ACA CGC ATT GGATGA CCG A

ZNF438 AGT TGT CGG ATT TGT CGC TTC GTC TGC CTG GTT TAG

PDEY4 CTA ACG AGG TCC GTC CAA GGC GTC ATC TAT CCG CTT CA

BDNF TTC TGC CCA TCC TGT CT GCT TAT CCCTCACCCTACT

PCDHI15 CCC AAA CCA ACA GAG CCATCG TCC TCC TTC CCC ATA ATA CGG
GAPDH-ChIP TAC TAG CGG TTT TAC GGG CG TCG AAC AGG AGG AGC AGA GAG CGA
PSA-ChIP® CCT AGA TGA AGT CTC CAT GAG CTAC GGG AGG GAG AGC TAG CACTTG
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X (2, Hi ACt=Ct(target gene)-Ct(GAPDH),
AACt=ACH{LNCaP-AI}-AC{LNCaP).

2 H#FR
2.1 DHT#H ¥ A LNCaP-AIZH Bfl B &R 1 Bl 4%
ARFEHFRIXHIF N

FEH10 nmol/L DHT i} 5 LNCaP-AI4H i 1)
i R0 A% 2R 1, ) anti-ARSIEAT 2 1 4 2% BN 5 52
%, LA\GAPDH A N 2 H T ARER [ (1 R IA TG . HH
177 LUF th, LNCaP-AI4H i /= DHT R f ltAR
WD, ARG £, $RIRARSS 5l B4 48 MR 4R 7
LNCaP-AI4H AR K455 BB
2.2 LNCaP-AIZHff &R et HiniE 4 R
22.1 LNCaP-Al@mfef &7 b BAHs AN (1)
et Jit i BEK S ChIP-seq 3R £5 M DNA J B /)N
F1 000 bp, L EFEHI4£500 bp i Bl o A SZH6K
TR VR AZ TR T e % €00 T A BEAK, X AZ TR e

DHT + + - -
El1 DHTHEXLNCaP-AIZBAREE A4 4E T 0800

Fig.1 The effect of DHT stimulation on nuclear transfer of
AR protein in LNCaP-Al cell

Marker

1. 24 3UKIEH N LNCaP-ATAN Y 0 1 BeAb JE 1K 45 2
Lane 1,2,3 were all the chromatin fragments of LNCaP-AlI cells.

El2 LNCaP-AIHMFERR BKE
Fig.2 The length of chromatin fragments of LNCaP-AlI cells

O AT R R AS A B S, FH 2% B b e Fie v ik
W B, g5 R unE 2R .

(2) ChIP & 4% & i HQubit FluorometerX}
LNCaP-AI4l flIAR-ChIPJi5 & 4 AT fHDNAFE i 11 K
JE R ARFABEAT R, 455 4 3.46 ng/uL, 135 pL, &
HoH0.467 1 ugo ChIP-seqZEsR A MIIFE b i AT
5 ng, 45 ' DNA T BUKC S, A UK ChIP-ed DNAFF &l
Fr K
222 ChIPg E# REAg £ E PLChIP]
SXof FCZEL R BH P 0 AL SR AR Y [ inputxof B4
DNAFE N PCRIEM, GAPDHIE R BEAF b o] 9y it
fTReal-time qPCR; PAChIPSZ 56 21 & H2 4 K A1 I 1)
inputf i ZH DNAfE JPCRIE AR, PSAKE A v BLAE h
5|93t 1TReal-time qPCR. PCRZ: W 5 11 5. GAPDH
FNPSAPIARX & 42 (% of input). ChIP X FH 241
(1) GAPDHAE IR AH % & 4R & 24 0.64%, ChIPRH X} 1
Y11 GAPDHIE R AR & 48 FE 24121.23%, ChIPSES 41
(R PSAKERIAH XS & B R4, 71%(E13).

23 SEENFNEMNEEFDINER

APy 45 B ireads K FE 49 bp, 45 F
11 416 877%kreads, &)™ & 4559 426 973 bp. FH:
L Hgl 93 N 20 - A HEAT EL X6, EE Xofreads i 410 854 724
%, HL X %95.08%, ME— L Xfreads310 056 0374%,
ME— Lb 6 2K 488.08%. ME— Lk X reads?r 7% 3& [K T
RETCfF B o3 A h: BE IR ) 1X58.26%, A Y &% 1
[X38.96%, %A _EJi720 Kb 11.98%, 3L [K T 720 Kb
11.66%, %X Ak &1 [X2.11%(KEl4A). 1 HIMACS
AT HE 4T peak X 14, Poisson) A Ak 24 3k AT 4 46,
I 15 212 876 peak(p-value<1x107), peak - ¥ K

259

204

% of input

El3 R & LINERE RPSAREMNEEME
Fig.3 The efficiency of chromatin immunoprecipitation
experiment and PS4 gene enrichment
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#2 LNCaP-AIZHBChIP-seqfSEI HIAR S 1 5 2 R BREL (R 2 45)
Table 2 Some of androgen receptor target genes analysed by the ChIP-seq

e PeakfEHE A b ¥4 Peak Pfif A B S
Genes Peak position in the gene Number of peak P value Fold enrichment
COLIAl Up20k, exon, intron 3 2.54x107 16.54
TP53BP2 Up20k 2 1.16x10™" 16.35
PTPRH Up20k 2 1.48x10°° 13.48

ETV7 Up20k 1 4.55x10°° 13.24
MDM?2 Up20k 1 3.48%10°° 10.29
BDNF Down20k 17 3.43x10°7 7.29
FOXP2 Intron 9 2.88%10°7 10
PCDH15 Intron 24 3.94x107, 4.09x107° 8.75,8.33
PDE94 Up20k 20 1.09x10°° 8.99
ZNF438 Intron 16 9.31x10°, 8.83x107 7.5,1.5

Up20k. Down20k. exon. intron%} 5l 3 ~peakf T-HF 3720 Kby FilE20 Kby M1 W& TIXIEN .
Up20k, Down20k, exon, intron indicated that the peak was located in the region of upstream 20 Kb of gene, downstream 20 Kb of
gene, exon of gene and intron of gene.

(A) Unique mapped reads in intergenic and (B) Genome-wide di§tribution of peaks relative
60- gene region (AI+DHT) 60- to annotation gene (AI+DHT)
50 50

g 40 e 40+
& 9]

)

£ 301 2301
2 5

8 o

o -
201 £ 20

_
g

. l 10.
o I 0/ .
Down20k Exon Intergenic Intron Up20k Down20k Exon Intergenic Intron Up20k
A: Mt X reads 7EHE AL % L RETCAF L0, B: peaks e ALK Ly BT LRI/ i e
A: the distribution of unique mapped reads in the functional elements of the genome; B: the distribution of peaks in the functional elements of the genome.
El4 ME—Lt3treadsFApeaks7EEFAZ T LS IER

Fig.4 The distribution of unique mapped reads and peaks in the functional elements of the genome

100 12 847
§ v
g 10 — 1284¢
Gt en
c k)
= —
Q

et ——4+—hHH—+t+hH—-1+—1++H | | 128 -‘é
= z

2

AI+DHT

Biological_process Cellular_component Molecular_function

E5 peaktBXEFEAIGOTNRER LD
Fig.5 GO analysis of peak-related genes
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J5 4673 bp, peak t & HE K Dy fig so A b 140 A FE Ak
5 M — b Xfreads ) 43 4 FEAL(EI4B).  Fipeak)T 71l
SENTBIFER A, 4531 8654 peakAH 5= FE A, Hirp
fold enrichment>101#] 3 K 4754254, K 7 3 Kl fold
enrichmentfE /1 1-5~10. XJ HEHEAT 2007, FeAl T B0
—Npeak A] PAUCHC 2 42 /b —ANFEA, (] i) — AN LA
/0 A peak V& 4, IR AL AT 154
peak. #2545 T i rfold enrichmentfs i [ 3E K] LA
Jepeak’R % (115 Ko K peakdH O 5 K 2E 7GO3 #r
RO, SN, Mg sy, it Ae. 454 A dn it
AR G 1) JE PR 5 A7 81 T FL(EIS). XS 1 4954 peakAt]
REERIHAT A5 Sl B R G, BATR IS RGBT
AR« JoE 110 2 SRl i VR 42 B MBI AR U A5
S pUlY EPRINE e SIS I NE 2 (%) B
2.4 DHTRHIEIZAREE R RIXIE RIS
TATHED, 47 5 — R R e AR B W peakik 22, H
ELNCaP-AL4H fu (1) DG LR 8K, 5 AIPCKR A= 1) A1
KRR . BAT SRR, e — LR e s 42 2
[Mpeak L I K K24, & HipeakE M1 IE KA1 110
A, & HpeakHUK TS HE K799, Horh & #ipeak
KT 3 R A5207 . F AT L & Hpeak$h K 19
(1120 BE KA WD RS, 454 SCRRR T i ik 1 L
(74 6 3% H& (PTGER3. FNI1. PDE9A. BDNF,
PCDHI5. FOXP2. ZNF438){F % % 4] 35 1| Wr &
ITAELNCaP4i il FTLNCaP-AT4H i (1) 2 7515 1 J2
XTDHTHRFE T SN B 6 R LA H, DHTHE AT
MUAR 7N 3% AR B L K /ELNCaP-AT4H il ) 0%,

R3 SpeakiB X ERF R EEFESEIEEEN

Table 3 Some of the main pathways of peak-related genes

5 18 ¥ A0 O ) 5k

K| (K il
g ARG

Constituent ratio
Pathway

of pathway related
genes

75 (5.02%)
65 (4.35%)

Regulation of actin cytoskeleton

Focal adhesion

Tight junction 68 (4.55%)
Pathways in cancer 53 (3.55%)
Metabolic pathways 244 (16.32%)

Purine metabolism 113 (7.56%)
13 (0.87%)
108 (7.22%)

11 (0.74%)

Cell cycle
Transcriptional misregulation in cancer

Prostate cancer

0.025) & FOXP2
-+ PTGER3
0-

N ,\_;Q ‘o&\

WFFEIe 3

(A) LNCaP-Al

g 150 ~ PSA

(>\<] ._.___.___//. - PCDHIS5
g 1. e  « BDNF
= -~ PDE9A
= ~ ZNF438
S 0025 +— o FNI

S

3

on

&

> >
o N

DHT stimulation time

(B) LNCaP

2 10 1 - PS4

o -= PCDHIS5
= } : *=—7 &« BDNF
< H,J__/ -~ PDE94
N - ZNF438
g 01l —a———s o N/

S 00047 8 FOXP2
S -+ PTGER3
gﬂ 0 ._‘*ﬁ_

(]

= N SN qy}‘ 5?0&\

DHT stimulation time

© LNCaP-AI/LNCaP

§ - PSA

& 35, = PCDHIS
by -+ BDNF
Q sl ~ PDE94
5 50 - g -+ ZNF438
=5 - FNI

A 2.5 & FOXP2
G 1 & PTGER3
4 00-

SN N f\?‘&\ S

DHT stimulation time

A\ B4 F R ARBEFE K ZELNCaP- A4 fd FILNCaP 4l il (1) A1 % &
156 C: ARFUFE[AIAELNCaP- AT AT T LNCaP 41 il ) 2654 1
A,B: the relative expression levels of AR target genes in LNCaP-Al and
LNCaP cells; C: the expression levels of AR target genes in LNCaP-Al
cells compared to those of LNCaP cells.

El6 EIDHTHRIHASE TRIEARLEEFRIXIFR
Fig.6 The expression levels of candidated AR target genes
after DHT stimulation in indicated times

L DHTHIHL0 W b, DHT A8 R) R Ak 2 #E L [
FIRZE A {2 Horh, FNIFIPDE9A mRNAMIXS %
TR A A R o S % 3 I AT ) RS 32K B AE PR AR
A0 M e 3 HoA 22 e, v 22 53 ds W 2 () A PTGER3
FMIBDNF; 5 LNCaP4ll g #H Lt 218 T & (1 55 K K
PTGER3. FNI. ZNF438., FOXP2HIPDE94, # ik
FEAR 3L 5 A BDNFFIPCDHI 5
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3 it

CL B I ARAE Ay %% 5% X 76 1 0 4 4. 60 41
I IE B T RE I R % PCalty & 4= & & LA M2 ADPCJH]
ATPCHAL [ FR AL A AR DS R 1 H, ARHLA
AW, H AT ISR s T AL AR 5 L R 1)
Wy AR ERIE . ARZEAR . ARl 2B 2 1
PLAERT, LNCaP-AI4H Jitd 4 14U PCalf) HE W 3 #1276
75 S 40 I RR, I ATPCANAE . AU U4 1T 1Y)
WF Y R0 ARZE 11 FImRNA{ELNCaP-AT4H i
() ¢ 5 EELNCaP4H Jitd 55, DHT ] AR E IA; i 1]
siRNA T AR A J5 STLNCaP- AT i A= K () 4
HRT X LNCaP4 f it 3l fil %, HIGieHHirid &
Tt J5 DHT X LNCaP-AT41 i A& K f ) 3546 H #K
TLNCaP4ll Jifl; DHTA] $1] AR & [ 76 i #% 1) &
LK), BIIEARS 5 3@ 2 7ELNCaP-AL4N i 1) & A=
R A OCHAE . ARPE AT TS R, BTN B
ARVAFE 1) T UL R (1) 48 2 5 T LNCaP4i g )
LNCaP-AI4H M4k, F30T AN M A=9)2% i fig
PIATA] .

A S 56 A% F AR-ChIPEX 75 w5 i = 0 7 5 R AE
42 5 R ZH 7K P 5 LNCaP-AT4H o 71 (R AR 45 & 17 i 3
1T 84, AR 45 A s AE FE DR 2L (A & e A AH
RS DR ol B3 FRATT A A, K S peak i T D) fig
AN B A 1 356 R ) DX, TG TR £940% 4 155 R 5
TIX, ARIR AT RE S 5y T iX e IL R Rk . AR
AR-ChIPAEAF 21 865/ ML, FATIWIAL ik T 742
K (FNI. PDE9A. ZNF438. PTGER3. PCDHIS,
FOXP2. BDNF)HAT AHX} ik sk I, Forp i ok W
FNI. PDE9A. ZNF438Y5PCalfjiiis .

DHT I 3 m 2542 ARSI S [K] ZELNCaP-AT40 fig
A A B, HLBE A DHT RIS 18] (1) & KR ik
ZE R, XYL T BT RE VARSI K. i
YR B E252 1A 3(PTGER3)SE K 1 51) IR 2% %2 /K EP3,
BT Z o T EANHR ARG, R 2M ke,
7F A S 8 tLNCaP-AI4l i PTGER3 mRNA % ik Tf
i1, S Kashiwagi &M 5T 45 R AH Je, H1 5 Miyata
A R B A HEN 0] BE 2 T
PTGER3W. RUAN [A] BRPTGER3 55 AN [7) 5% F1 J7 [ i
gh G e HEAN A B AR D e T 300, DHTHRI 2 B
IKPTGER3 )31k /K-, YiW] PTGER3{ELNCaP-AI4l
JHny B I S R A R O AR VR 4514 4% 52 I PCa
(1kJE . PCDHIS M &Gt B SR 2 —,

T R 10 S 7 N5 o B 1385 I R E -4 8 2 11 9
(b J ] T Ak, EMT)TE I8 1f 56 7% rhold 45 8522
1, LNCaP-AI4 i ' PCDHI15 mRNA ) % i
BRAIC, nT e g A E-5 5 55 11 2 HEMTX AIPC
(R A — e . FOXP2ATA0 2 41 i (1) 434X,
AHE—EER, FOXZKIGES S T 2 5 k&,
FOXP2Y5PCalf) R4 R e B A 5 B AT 43 I K R,
JUHAETMPRSS2-ERGH & I iIPCarf, FOXP23R
BTG B ZE . AIFSE R FOXP2/ELNCaP-AI4
Wb R IA T, ESE T 5 PCalf kB S ATPCI) 5%
WA AT 4y ()52 2. BDNF #2058 55 K 1 5
TR 2 —, T T a8 7 T 7 v AR il
RERETEE/ER . MirabellaZ8 USRI 57 361,
BDNFAE 23R F /N B b Rk B IE /N e A
236, LNCaP-AI40 il BDNF mRNA ) 3% 441K, 55
WA TE, T — P LR AT R, FNIY
B PLAT R S PIH5%; PDE9AS 41 o 5% G i 12 A1
K ZNF438 ) —5Ffa 11, 5 A 2 JE R 3Rk (1)
FHK o LNCaP-AT4H M e A1 (1) 3 14 33 5 LNCaP 4
J Hp IR Rk A A 22 5, R e AT T BEAEPCalt) R AR
DL ATPCIR LAk e 5 EEAE . (H)& % T 5PCa
Z AR 2 R UL E A TAEPCall) AL K JE BT ik
(I FH A 75 208 22 1R S SR U B

T34k, Wang S50k 55 4 i R A O 1R R A,
JEIREMIIIERI{EAIPCI R e P iR G EEAEH . M
WA E B T A i o 24, MISE D R A T v S R
I M PO A KSR T S AT IR, BT
GoBIMIX AN B B IE AL TE 5 %35 BR 11 73 T 7K P2 40 1)
W, 255 %214k, PR FRAT IS LN CaP-AT4H iy 1
A7 1 35 55 28 P Go/ MU 5 07 11 SC BEARSE JE 4]
AR-ChIPH IRAT] & 52 T WiCdc 145 5 M S AR
FEEEIR, AR R — 2SR P TIR AR
Ah, FEHFEAE BT, AP B JRRE P ) A R
55 B WA AR A5 A5 5 T8 % WA A DG TR S DR rh A 1
BT REZ AN, XA IR AT MR 1) & AT
FR ek % sl b R A T AR

Hwr, BATIE 74 T $LNCaP4i i ¥ 17 AR-
ChIP Jsequencing, & 7 il it X 1 4> 4 g ({IChIP-ed
DNAZTZE 5 b, SRR B S5 PCakk A ARG
[ IS, 55 LNCaP- AL i % 40 25 D) AH G I ARBESE BT
TN, X IR 15 B LNCaP-AT4H B ARSEHE A, kA
N2 Al I SIRNAT-HRARIE K] [ 2 1K o A6 0 25 42
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BED Ik, PASSUE I 5 AR SR IBEE; HIBE T #
G T FEIE DN 5 ARJE A7 AE LIRSS S 1E T

ER_EPTIR, MERER 32 A S CHC R 7 (1 #E S TR A M
P MR T 270 Bt 1 AR AR AR i 271 e
R R h ke A R oG AR I, JA S &2
(1 55 35 HE G 226 HH RE LU SC B IR RRE 3% 2 AR B AT T 11
RS DAL, A R AR OB i 8 IR (R T 1R
BB
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B EIRFNENARON PR R AR AR IR IR LR TF

wEIE BEXN mR4a 1g¥F REF F R FEE B LA
(" [ B 2 B2 B B 2 A ) 2 WU 29 22 A PRV I S 0, BRI 650118;
2[5 K2 D ()5 15 e e Ak = 2 vhuty, 13 200065)

BE AT 7 AZ TR LR RR S S T RIF R BRI AA B B AR
KRB R Ao R R A BB T R A A A Fe R A T AEAR K K )4 69 1834 97 & e Je(GV
2. MIBAAMITE). 114497 ZLHAAE A5 (2-4m A 2. 4-2m it B0 AnQ-fm L ) ROSAS S A B AR G, A
TR A P A G 6T, I FLEARE AEASAS, RAL AR RS LI, B AT AR 9P B da 1164, 9P 2L AR RS
694, AL BARE BE 144 A B B R 4 R #56/67(83.58%). 36/45(80.00%). 9/11(81.82%)-
102/116(87.93%) 55/69(79.71%)A=11/14(78.57%). %& R & A, Heik 3k 3404 K ik MR AR RS 15 7%
R G, R —AVEIF 0G5 KRG Ao & FTAR I Bt AR G 84 T ik

KEA EER EIE; DR REANN; R IR, B R AT

Vitrification of Oocytes and Embryos of Macaca fascicularis and

Macaca mulatta

Huang Zhangqiong', Xue Zhigang®, Gao Jiahong', Jiang Qinfang', Wu Zhengcun',
Li Cong', Han Yuanyuan', Zeng Qiao**, Ma Kaili'*
('Center for Drug Safety Evaluation and Research, Institute of Medical Biology, Chinese Academy of Medical Sciences,

Kunming 650118, China; *Research Center for Translational Medicine, Shanghai Tongji Hospital,
Medical School of Tongji University, Shanghai 200065, China)

Abstract In order to retrench funds and preservation of variety resources of transgenic animal model, this
study adopted vitrification method to cryopreserve and thaw 183 oocytes (at the GV, MI and MII stages), 144 em-
bryos in cleavage stage (at the 2- to 8-cell stages) and 25 mulberry of the nonhuman primate with the solution pre-
pared by ourselves. Including 67 oocytes, 45 embryos in cleavage stage and 11 mulberry of cynomolgus monkey;
Including 116 oocytes, 69 embryos in cleavage stage and 14 mulberry of rhesus monkey. After thawing, the survival
rate was respectively 83.58% (56/67), 80% (36/45), 81.82% (9/11), 87.93% (102/116), 79.71% (55/69) and 78.57%
(11/14). The results showed that vitrification cryopreservation, simple and effective, is a good method to cryopre-
serve the oocytes and embryos of rhesus monkey and cynomolgus monkey.

Key words cynomolgus monkey (Macaca fascicularis); thesus monkey (Macaca mulatta); oocyte;

embryo; vitrification
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W58 55 % e K] R e K1 i 5k ) A RS 2R 1R K e At 7
A2 AT, JORAE AN EH 7R R )l il
o RBG VA R E AR SNZ K (In vitro fertilization, TVF)
TAE AT G B R 5. AR AR KK
JWR G v R DR AT 2 T LR AR AT M AN R KK )
WIRANSZ K IR G TR0 IR G B8 Rl S5 AR 4% 14 1 B
e FAT, AAEFMh BOBe. BB ANBR AT AH K
FRORIFFE IR T, L rh ofte VR ity 303k B9 40 B S P9 SRR
F¥E 3 AR(intracytoplasmic sperm injection, ICSI)3£ 15
IR VR R T JEAC A TR 7RG, JEANR
KRB Wi UNBEAH v R DR AFBIE 5 U BE R ZE AL,
HU AT 30 40, AR T2 BUBED A B AR,
A AT Fe 2 B Fg A v 07 2, I B2 BRUBRHR
T8 7 2905 ARG % 035.4%. T E AN TIEAR
KW 1 ONBE 20 JLRD IR i ¥ VR BRI G4/, AR 48
) T2 VR e P A A2 S R R AR R T T
VK S B0, VB AR 25 DR 3R IA) DR K 40 )44, iz
UK & A7« 1203 e UG B AT 3% A
RO 2R TR At 208 N A v B S A, AR RVE EL AL O
i, H 2 5 o R P A R A BE S8 . T 42K
IS FH PR SBEBB AN VR A 2 AT PR iy R P 172 R DR A
FRVRIAR v P v R T 52, Al O BR 40 i 0 U i £ 42 1 o
FErh SR AL, 5 E SRR P AR L, B
PR AT DL e 4 T e oK it 1) B B, PR A AL 3 ) s A 12
AR R, A7 BRSSO BAT T, JR
M AT, BRI AR, D T IR REA M AR
IR IE o 1) 2 R 1T TR); JC 5 B 5t IR P A v VR 1%,
FE LB EYCR ORREAH VA R DR AT A A s 00
I RAT TV ARAT OR A1 AR i © AE — Le )bk
3 DI SR IXAN T A HE N R KB Py 5P B
A0 RV SiE B0 N T L3 I o L8 /) UM
FEBRL/IN B B, 3 R DRV 0 IR I A9 SE N2 5t 5 life
59, MIRECGEARAEA KATE . T R E W
K DRI 2R 5y 40 ot o B 054 B 2 3 R A, DA R J5 28
BT PR AL 78 2 PR, AW SO A BRI
B4 1 RN 28 1C SRR S ik DR ) A8 1 4 AR SR A1)
AR RE S ) SR B AT B B A R A DR A S S
FRBAT TIRE

1 R 57A%
1.1 I8 Eh4)
e H, MR 13 L, b [ B 2R R B

AP TR, TSR T GLP L PERA(4~6
BV A WERN R BN TR, FE4h T 127N B/ 4
J16~22 °CHIYE, R T =%, BRGET—EE
IR
1.2 RFIE5EE

N % B W(HTF) 51 B 40 Mo A4 ok 35 1
HTF-HEPES). fUILi5(SSS). MEAREE TR —H 3
TEA(DMSO)IE H 56 [ IRVINEZ 7] ; TL-HEPES i
LONZARA FIEHE; JRRFF . L I SRR 5 5%
FESIGMA A w); BEFAL A R E CRC i
A AR AR B H ANIKON A Al WA
BVE RS0 B % [ EPPENDORF/A #; B R,
I 40 45 T 1 35 [IFALCON/A W) #8981 4
EPPENDORF /A #]; — A 17 72401 H 3¢ [ FORMA 2
;TR A e S 21 IR D SRS R
PE IR 22 (WMG) R 5 FH 95412 P 25 (hC G E 1 2k il
4],
1.3 {2HEIR 5 Op B4R &

Xof P ol AR E i B 1 AL 5 H 2 91l %, H&
W H B RIS A A £E0.1 mg; HZA3 dITUh, &g
R UCE S MG 25 TU 7~8 d, B2 1E5hCG
1 500 TU; H £ 283 dIF R, FE I R R P 0% 42
SFhMG 30 TU 7~8 d, Bfi 2 7 4hCG 2 000 IU. hCG
T JE27~32 R AR ON BEAH M. 240 40 ST T JRR 1
Ja [t T FARE b, 4TI de sl w il by o
(1.5~2.0 cm), % &% 09 L, KIS mLyE: 5 4% 97 s il
YR, BRI CAE 255 A 10 TU/MLIT 2240 i R 1 U
BB, RSB IR B A BNEEAY)
FEAR AN FR2~4 b5 4535 W1 TR T 9 10 )5 25 B k:
A0 B, WLEZ R R L, R N - (ML) B
FTICSI, A R ER 1 ) 4k 23285 9724~36 h, {182 0
T HCAE O, R IR TN T ATICSI.
1.4 #ERFE. ICSIREPAIEH

PERCGAR AR AT T R RIE R ARG . ST
KRR WA 5 R THHTE-HEPESYA I S K 2351
W B OE T FUORS T B 110 LA SR b, TSk
TAET%5E LI kg ¢ B (poly vinylpyrrolidone, PVP)
TS, FEONER [ 2 IR BEAN e, R 5 — A
T2 BB, AR 3 AT AR N O REAN i, 43 )
ZF Ik 3% WAy R ON R, A I | R e I I % O K
TIEAZIG B4 b, FRAREIREr . ONBEA U 0k
BRIEEEFET37 °Cy 5% COa 5% OLf) =S5 F-F T .
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1.5 FRRRIEfEF1EIE

R A -0 W B, R S A R v S
RNAEEDNA 1x10° uL, 4k&L155% .

1.6 SREHRRRBERRL R

a3 R AN TR) I IR B REAH B(G VI MI
WL MID) . 205t 4% 15 0 1) O 224 350 U i (2- 40 it 34
4-AMI . 8-41 M ) A1 AU IR I BT IR A, 2~314>
HGHAT IR E
1.6.1 HAmBE  RAARECT WAL,

1.62 AA7iE AR50 pLI R el S
W(ESH) HAF2 T WMVSI) TR R I . A7 1S
T E 5~6 min, HRA72°5 I G 30~60 s, A
FGEBEAN I B TR A7 B b, W 2 A, 1T
R E WA, EFEERRETRAT. =
IR, B A E B 55 1, 7 4

1.63 fA&ZrEx MR R 40 m HIWCE
M HL1 000 uL TS~ 400 uL DSV AIS00 pL WS T
Brgrmirp, HATSHFR37 cCldh, HMlrbric. 2
P B S, o IR A E T RRTS
WA 1 min, DSV & 3~4 min, #7535 B(WS
W) 8~10 min, FRRF IR I G BEAH M 35 i
R REFRH A o

1.6.4 FRAZCRILEL  OUNBRANHAE AR AE, AR
] N S a5t 1 95 I 9P B 40 i ¥4 R AR A7 352 R A2 (GBY/
T.1.1-2000)" 24 Wr: fift 65 T A 55, 32 By Fi
JEETCAA7, 325 B Aty R B () AT 25 B2, O R I) B
2, oI5 B BEAE A, KN IEE, 1 E
{Ei%

WG IR IS bR AE: FR P MohrZ5 R Testart 55!
RIE 45 R, EIAAE R0 & WA - WL, i
R G A50% LA E g A& se B — Bl B
P R BRAF 1) B R IG w] A R 2 O R iR . R iR Al
EIPIE (= < R 1 D G SN | Y35 3 AR L 211873 95

TEIE AT N AT 27 10% SSSIFTHTF [ VY FLS 77
merh, Inss s 20, 137 °C. 5% COL8% F5 46 vh 4k 45
R, M LR IR A%, D ERIG I TR

2 H#HR

FEF3224N GEREGH S AT IE A AT T B4k R AE
5T, A 45183/ BF REA JL(GV . MU FIMITH).
1144~ P 24 IR G (-4 B 0 4-40 M3 8- g 441)
254 FZHUHIR IR (£2).

o, B U0 BEAN BRI 261234 BE B
4 1674y, GV MUY, MIIWY 77 3% 3 4> 5 K
28/32(87.50%) 18/23(78.26%)A110/12(83.33%), s
AL I G AR5 % h56/67(87.93%); TR LI fiG4547,
2-40 M 4-40 U0 RS- i 1 A 95 I AT R 40 Sl
1 14/17(82.35%) 10/13(76.92%) F112/15(80.00%),
SRS IR G AE TS M 36/45(80.00%), 2-41 B . 4-41
S0 8- 241 L 301 2 30 I A 453 2% 23 il A 3/17(17.65%)
5/13(38.46%)F16/15(40.00%), M 44 B 51 % Ky 14/45
GL11%); FEM W EIA, ERFEHEREFE R
9/11(81.82%), % 15/11(45.46%)(#2).

L Hp P YR A B B 4 i A IR i 21994 B B
gl fg1164~, GVIA. M. MITIW 47 35 % 4> 51 4
59/66(83.39%)+ 33/37(89.19%) F110/13(76.92%),
I 5 I R A R N 102/116(87.93%); BN 24 1A JIE
5691, 2-41 M B 4-41 Hu 33 FI8-4n i 3 &2 05 5
00 F 5 5 h23/29(79.31%) 19/23(82.60%) 1l
13/17(74.67%), 5 I3 5 ARAE 1% %0 55/69(79.71%),
2-4 B A 4-41 A 3 RS-l Bl AR 5 I A A % 43 il
$16/29(20.69%) 9/23(39.13%)F17/17(41.18%), =ik
AR 422/69(31.88%); SMUIIRNIG 144, S5 5 17
TN 11/14(78.57%), B H47/14(50.00%)(£2) -

AN ] IS 393 1 59 BE 41 (G V. MUY FIMIT).
AN TN 3 1) B S S R i (2-40 R WS 4-41 P 3t 84

R RERRIEFRRLS

Table 1 Cryopreservation and thawing solution

KK a KM R B2 i iE 212070 ! TR AL E

Name TL-Hepes Gentamicin ~ DMSO Ethanediol Sucrose BSA
Cryopreser-  ES 85% 10 mg/L 7.5% 7.5% / 12 mg/mL
vation VS 70% 10 mg/L 15% 15% 0.5mol/L 12 mg/mL
Thawing TS 100% 10 mg/L / / 1.0 mol/L 12 mg/mL
solution DS 100% 10 mg/L / / 0.5mol/L 12 mg/mL

WS 100% 10 mg/L / / / 12 mg/mL
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Table 2 Cryopreservation cases of oocytes and embryos of cynomolgus monkey and rhesus monkey

BIE/LIEN REWE Ho THG (%) WA (%)
Animal species Developmental stage Number Survival rate (%) Damage rate (%)
Cynomolgus monkey GV stage 32 28/32(87.50) 4/32(12.50)
MI stage 23 18/23(78.26) 5/23(21.74)
MII stage 12 10/12(83.33) 2/12(16.67)
2-cell stage 17" 14/17(82.35) 3/17(17.65)
4-cell stage 13 10/13(76.92) 5/13(38.46)
8-cell stage 15 12/15(80.00) 6/15(40.00)
morula stage 11 9/11(81.82) 5/11(45.46)
Rhesus monkey GV stage 66 59/66(89.39) 7/66(10.61)
MI stage 37 33/37(89.19) 4/37(10.81)
MII stage 13 10/13(76.92) 3/13(23.08)
2-cell stage 29 23/29(79.31) 6/29(20.69)
4-cell stage 23 19/23(82.60) 9/23(39.13)
8-cell stage 17 13/17(76.47) 7/17(41.18)
morula stage 14 11/14(78.57) 7/14(50.00)

OSAMRIGH TR ORIk SR AMRE 3R, JEA AR E I, R FR3/9(33.33%) . " ISR T REAH, 2 U2 ARAT IR 14/ IR gk 2 1
HNRETR, Hoh SAN R BCEEIR, I 5/14(35.71%).

*: five embryos were transferred; nine embryos were cultured In vitro, three of them developed into blastocysts, and the rate of blastocysts forming was
33.33%. *: fifteen embryos were transferred, and two recipients pregnancy was determined by ultrasonogrphy after 25 days; fourteen embryos were
cultured in vitro, five of which developed into blastocysts, and the rate of blastocysts forming was 35.71%.

(A)

(B)

Al GIRFATILARAT AT A A2: DRI R P (R 2 AS: DR RRAN IR R Ja 1R 2s; B SREIIRAR VAT i 24, B2: DRALIUIIRIA A AT IR
TPRJEA: B3: URRLHIR IR AR A S R4S CL: RBII IR VRAE AT B4, C2: SMUIRIG /LRI T R4S C3: REEMIIGRR G MBS . A
100x; B+ C:200%,
Al: oocytes morphology before freezing; A2: oocytes morphology of freezing stage; A3: oocytes morphology after thawing; B1: cleavage stage embryo
morphology before freezing; B2: cleavage stage embryo morphology of freezing stage; B3: cleavage stage embryo morphology after thawing; C1: mo-
rula morphology before freezing; C2: morula morphology of freezing stage; C3: morula morphology after thawing. A: 100x; B,C: 200x.

Bl RRRIVEMESERIBLEERN. FHEANETSERRMES

Fig.1 Oocytes and early embryos morphology of cynomolgus monkey before freezing, freezing stage and after thawing
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(A)

AL IREATMLRAT BT A, A2: DRRFATHLAE RAFI 2, AS3: DR U 5 PR 2 B SREUINERG VRAT AT TR A B2: DR AIIIR A A5 R AT
TR, B3: SRR AR AR R MBS, Cl: SMUTRIR AT RIS, C2: SMMIRIGLERAF WP RS, C3: SMIIRIAIR RS B A

100%; By C:200%,

Al: oocytes morphology before freezing; A2: oocytes morphology of freezing stage; A3: oocytes morphology after thawing; B1: cleavage stage embryo

morphology before freezing; B2: cleavage stage embryo morphology of freezing stage; B3: cleavage stage embryo morphology after thawing; C1: mo-

rula morphology before freezing; C2: morula morphology of freezing stage; C3: morula morphology after thawing. A: 100x; B,C: 200x.
B2 =AM MRS RERAREEB N AT . AEABEPSERRIES

Fig.2 Oocytes and early embryos morphology of rhesus monkey before freezing, freezing stage and after thawing

N R AN FEVRAT I R T, el TR A0 =
VB R W, 4 O REA MBSOV G T RAE M S,
JVRJify 25 57 BV H IR 4 4 B S (B LRI 2 (R A2 B2 A
C2), i Bh FE R FE (M R AL M AR BRI , R0 e i fE B
RE20 B30 i B0 2Rk v 1) 1 KR 4 ke, DL RE
TEVRAT R R R v R GOk o 4 PR el i . &2
IS 1) G B 0B R VR i 8 e R PR S TR A R RS
TEABE A (LRI E2H A3, B3RIC3).

3 Wit

I Ak (vitrification)i® ¥ V2 & 19854 K Jig it K
(1) — il BT A R IR i 1 VS, e I 3 B A
FHAT RV VR IR 33 30 DL AT v oA JE FROAIG I R4
A, A AU P BT 5 ], T R R DU P 38 3 A4 Tl
A, TCATATUK G IX A i 254 ot e DR F5 A N
(0 IE % 53 1 5 8740 An, 1 HARREAS SR A B 4t
FRIZMORAS, Wb 7 b 40 3 9 0K S T8 BT 5 & 1)
— RIVP R R A, AR R . IR R
PETT R, ANTE G DLW o A8 A VRV AL T (174
URERA TR BT BARBRAIC, (H S IROIRAS R R R 4

)5 TV It B A F o i) ik 2~3 h, T LBt 40 it A
URIRIIBURI A5 UK, B P ORFP R R R JEE 25 Bk v
T 357 BB A VA VR V2 A D A R R R T 9 88 B AR R
e, ARV R IR IR R A P ) TR e 3 il 45
N AT G TR 48 1 B B AL VA VR ORI S S T R A )
S S T E AR T PRI ST T) N (R A7 I A2 R AN I 6 min,
YRR P AN L 15 min), TRIE 7RG 2 2.

R PIEARAFEOR G T 804K, (HEEIET
I R N 2 A fe il JLAE A R ke R 1Y), I B Ik 5
L IAARAT A2 A0 de AR FRCRAE IR i A 91 BF 20 i d5e
AR TSN B BB AR AL FH20.5% - F
TH(DMSO). 15.5% LBt 10% KA . 6% &
TR R A R BB A (VS), H T A RN R
S-AH MR G IRAT T e X R i R IR iR A &
TR UK i, BTG & AR SRS IE R, A T
P I P A, VR JIG D0 200 53 0l 5% B 7 5 AN TR
B IR AT MR, BHEERRILT VRS
AR FI VRS W 20— 5DMSO K 2 i 5
RRERE. FENESE AR S &AM B . T
L (PR 43 - U /(AR B 462.07 g/mol), 1535
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BRI -

PEGT, HE IR 3 bR, VAV I A A S B 1) P = 2R
PRk, KRR B fe DS, R VRIS 2% 5 R B
Hz A R —FABES . AR AR
JE VA VR RN 52 0 H AR SE At -, c500dE VA VR VBRI i
VR 7 e, HorhDMSO. 4 T EEEESFIVS Y
ST NT.5%TE E15%, 1REBE7EIX PR 33 07E 4L 2]
0.5 mol/L, IMJ#ETS. DS. WSH, JERH & 5L BR B 4
ik, 2350 °41.0, 0.5, 0 mol/L. i1 A\ 12 mg/mLI[¥] IfiL i
AR RE BB TE B, FF v BRI 2k ORI R ) 23 12,
Hhnan MRS e v IR, BEREE MR T &
TEV VRIS B 140 M B K, AR IG A A W, 52 9t
A BT B 220 M o8 A AR AR R, B 17K sk Rk
NG 5 R 40 BB AR . 6T AR 15%
[IDMSOWKE, £ 31 IR B2, 575 5 0 G 1
BEPEAN K, DRA AT o R AE S AR A 1 58
IR, I ELERAE v Ak 4 i BN RESH B AW G 7R AN ()
TR PSE TRV VR ()4 B I TR RN E, KK BRI T %4
VRIS RGP A B EEPE . 20114F, Yamasaki2GE W, &
SR FH R S8 Tofs S VA U R BB B A VA TR VR R AT S BB
) 2 ICSIAS B A4-40 . 6-20 JfL . 8-41 it () i Jis A1
PR, Vo VRN R e ARG T TCM99, 3L
WAL OlE. HIEEAR. BERE. SSS. AP
(ES) R AFI(VS), LIEMNT.5% T 515%, — FHIETE
IUANT.5% T £115%, EERE AOFH210.5 mol/L, SSSTH &
H20%; iR T A A 21 RS SR I TCM 199,
FEAM(TS) FRBE(DS) eI (W S) HH 1 B A< i
239 42 1.0 mol/L. 0.5 mol/L. 0, SSSTH & 420%.
FL&s JAR W], 63/1~4~8-41 i W I ¥ filk J5 5 6047415
(95.2%), H 374 IR iR B A 211240 524K, 74 M 42
(29.2%). AWFFIUESE, FEAE A (cryoleaf) %) £ 5k
2 1f) 39 A% 15 1 B2 R (CRISPR/Cas9) b B (1] £ 5 A%
RV TR AN 1) 23 34 A 1R VR I EAT VA VR R0 2 95 A4
R 5 SCORER), I B R B8, 4i
INAUREEAR IR A5 1), I/ NFEAARRR, AR 5 A E
Fedefu, MR O SR BRI R . B BRI
T JUR fie SRS o A B vl b sk D 5345, A A
TR AR B AR 711, 180D stk AB B P4 -
BT PR A S TR AR G A, KA T AR R O
WA 1] PR AR (1)

17 55 LAt i B B B 2R B U i R0 B U AH
L, 40 o 5300 32 T R A e 1k B 22, R TR S AR R L o
AN, I EEW . AN SR GTERERI R ER, DR e

TGS R T . AWFFCH B ORI R VA VR ORI i
VRO B B AR R (G VI M. MITH B
BRI MR AhEAT T WIS, Bt P2 45 1
FW, 52005 BN RE A0 R IR R JTRTOR 55 T i N RE 4 i
B WD, B0 REAN I 95 4 A 25 R0 e o A4k 5]
B 52 F WA S5m0, W10 UE 52 Ik VA o A e
T AN ) % 8 00 0 B 40 B vk mi AT k. e TR
R Y I8 BRI B A R ARAF T 5 35 /D, 1 N2
G REA0 H A VR R AT AT 0 AR AT — e dE e, (H 45 R
FEA 2, Mandelbaum%E"9H 18, A 4GV FIMIT
SHSRREAN I AP35 R I B 5 5 R M,
GV 5FBEAH J 1R A R 52 95 2 LU AR AP i 4 R MITY B
RS M () 2 9 R B S B FEARIF ST, GV
JUT O B A0 010 i VR 52 9 35 5 MILLSY O B 440 L 110 i 17
SRR E R, SR SRR N R, K
TIEAESE BT . Sh4b, IR, VRal)s 1)
R BESH i n] LAS. FHTCS T A e ik 519 B 48 iz B 5 il
AT 52 K5 (10 5% 00, 5 R (1) B RS B A7 175 5 R0 52 K
Fal BLIE$99.4%H192.9%", 4k N R K s up £}
0 M 1R VA R AR AFIE AT T T 7 S R AN AT
HeOu 7 %, Wb T o RN AL T AL Bk R, b 1 o6)
PR B3 03; AEAS R O REAH AT IS R I F T,
Pem TR, N AR N R KRN TR T
AT R AR

B, R BRI A HE N R K K54
YR-RELN i RN 28 ICST R o s 2k DR [ A& B b R SRAF 1)
53 BB I R A7 3RAT T, K A BATTF — 25
AL AR N R KB PR A o 3 Wi PE AN B DR IR fig
J2F BA 5 W ST Al 6 E— 20 ) s 22 A W 2 B AT
FEAEAE X
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Application of Startle Response System in Study of

Sensorimotor Gating of Mice

Wang Haoyue', Huang Danyi', Li Jun?, Wu wenting?, Ying Yue', Wang Weigang?, Fei Jian'**
('School of Life Science and Technology, Tongji University, Shanghai 200092, China; *Shanghai Research Center for
Model Organisms, Shanghai 201203, China)

Abstract

Dysfunction of sensorimotor gating is related to many kinds of psychiatric disorders. Prepulse

inhibition, as a robust operational measure of sensorimotor gating, was tested in C57BL/6J mice using startle re-

sponse system in this study. Furthermore, a mouse model of PPI disruption induced by MK-801, which is a non-

competitive antagonist of the N-methyl-D-aspartate receptor, was successfully established.
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TR BRI, B B0 195 I AR T K
I FH AL A5 BT I I8, gk 5 LI R
RO HIE K b R T, DR AP0 F bk b A
5 [ LR 0 g A BAARCR U, 25 2 AN RIS S
o356 I LI, KRR 2 ZR GEAI S A BE S HH B
AR T, WM A 0 B R 2 15 3 4 1,
X 5 2 P 13 1 T ik o il (prepulse inhibition, PPI)
W

K PR R (PP, %) A& H VA &6 12 3
JEDRe R e B N EEAT A S (LA E il
Bz wim—E N EJL 2 LE 2N, el —
AL = b (IR0 SL NS - S I /o
IR WY 5 B B SIS W 8 (startle amplitude, SA),
o0 e Bt B AR B2 (A4 B R PPISY . X6 1 14 25 5))
W, 72 S i FEE R PPIAS AR ] LA ik 7% M S S SR 4
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(startle response system)3kf3. Gz DRE
EHIE, S B AT W) S PPIIL S *4i% T HE B ik,
PPI(%)FIHUH 2> B3 T, FRPPIGR K .

TEAR 22 K b h A R BAT IR s 3 1) 45
HTR ISR G ISR, AOkG feh 2 ZAEC L R
FARAET, SRIEAES, B H HEPLL R At 5 e Jm—
SUR A ix 20 % ZEELAH OGRS P &5 .t 141
Jik AR FLA ) o IR ST R 2 AR ) A i R,
DT b ] AR FH 6 47 28 2 A BRI Sk 32 50 |14
K e ) 2R R LR, XA SRR I SR
PR R o AR EATLLCSTBL/6/IN il i &
), LT AR S R R G (RI R A, startle box)
D5 7P Bl =SS AR i IOk e 41 11 £ S 56 T V2, A
T 5 K PPLER AR IR /N BB, SR 5 Ikt 12 5)
WEEGIN @V PR R LR i e S A E TR IS N
SCRE, WA TG 16 7 PPIER 2K (1) 25 52 (it T R4 (1) 5

%V

1 MR57R%

1.1 AL ES

1L1.1 34 6~8/FHEMECSTBLGI/INR, 7AH22~30 g,
W 1A b 3 S SR S A IR A R SESG B i
FERBAE YT 5 AAALACHRHE, I 3Rk45 1 ifg w77 185
XA O B2 R At S gE T
SPFZ 5 W) b5+, 12 h/12 h2 1 48 #5(7:00~19:005%
/19:00~K H7:000%), H & K. L5858 KE,
NI IETT A COE e

112 XA HuspgF HoRiER #5((+) MK-801, hydrogen
maleate)4 [H Sigma s ] o

Amplifier

Mouse fixing cage I

PHM-255A PHM-250B
Gravity sensor

113 BE ERSIHNR R 4% HMED Associates
AHEl, MRS T ADREE . BB
(PHM-255AFIPHM-250B) #iStartle Reflex 5340
& R (KT
1.2 A%
1.2.1 W Ry XHEA(n=10): K
(10 pL/g); %5 2541 (n=10): MK-801(0.25 mg/kg, *EH
KR, TARBOKRE 50.025 mg/mL), 45277 3N
JERE RS, 2524510 min)i5 3 a0 kb3l e .
1.2.2  #r g g maX (input/output test) SR E:
1% W I [B]2 min. Block 1152 & A 14 trails. 15 5% M
#white noise, 65 dB, &FEFI . B/ trail 2 [A] [ 8]
K 7E10~30 s [A] B HL 42 1. Joprepulse stimulus.
Startle stimulus¥ & 4 white noise, 65~130 dB¥ 4%,
WA EGS dB; BIRFSE ] [7]20 ms.
1.2.3 42 47 3 1% £ M) X (short-term habituation test)
SRk E S 5 white noise, 65 dB, R 4T T
JE NN A)2 mine Block 11 E 430 trails. &M trail
2 [8) fp) 1] B 75 10~30 s (7] B HL A2 .. Joprepulse
stimulus. Startle stimulusi¥ & Awhite noise, 105 dB;
J PR 21 7] 20 ms .

R EO T E AL

average startle amplitude ;10 it

Habituation index= - x100%
average startle amplitude ye first 2 traits

1.2.4 BBk 3740 0K (PPI test)  SEIGFRFE:
SEI R Y G B2 7w, A5 S5 B B S5 e (white
noise, 65 dB)FEF] I, 43 AN . Block IF1Block
="M B

SR 36N IFFSE R R]2 min. Block T

Startle Reflex 5 software system

Noise burst onset
Startle response

Bl RIRRHESE

Fig.1 Startle response system
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Acclimation Block I Block IT
0 ms 100ms 110 ms 160 ms 180 ms 400 ms
L 1 1 | I 1
: ' 1 Startl l
Startle . A 4 Prepulse artle .
5 min stimulus Ir'lter-trlal Null period! stimulus stimulus Ipter—trlal
i interval duration duration interval
duration 10 30 10~30's
20 ms Prepulse/startle
1 | delay
20 trails Stimulus
f Sample duration |
70 trails
12 B Rk I i Bt () S
Fig.2 Time line for PPI test
%1 PPk Block I3 4% &
Table 1 Parameters for Block II of PPI test
VS, TPk o 5 R R IO - e 1
Ty Ik R BN SR et S R A
. FEC 0 ) BRI i) . )
Prepulse stimulus Startle stimulus  Startle amplitude symbol
Prepulse/startle delay
0dB, 10 ms 60 ms 105dB,20ms  SAyumueony (n0 prepulse stimulus, no inhibition, negative control)
68 dB, 10 ms 60 ms 105 dB, 20 ms SAgs aspp
71 dB, 10 ms 60 ms 105dB,20ms  SA7i aspp
74 dB, 10 ms 60 ms 105dB,20ms  SAzsiamp
77 dB, 10 ms 60 ms 105dB,20ms  SA77asp
80 dB, 10 ms 60 ms 105dB,20ms  SAsaspp
80 dB, 10 ms 60 ms 0 dB, 20 ms SApp-ony (0O startle stimulus, positive control)

920/ Mrails; BN trail Toprepulse stimulus; startle stimu-
lus & Jywhite noise, 105 dB; | J# £F 22 1 [7]20 ms;
Trail 2 7] (1 /7] [ 7£10~30 s [ BEHL A k. Block 11
W B A 70 M rails; &F A trail 2 (7] 19 18] B £E10~30 s
[ B AL AZ AL . Block ITH AR Y 73 A 74, B A%
M7 AWK B Y AR 707K trail 1 H B
107k, B0 7 B L. Prepulse stimulusi% & 40,
68(+3), 71(+6), T4(+9), 77(+12), 80(+15) dB, white noise,
FFZE1E]10 ms. Prepulse/startle stimulus delay i & A
60 ms. Startle stimulusi & 4 white noise, 105 dB, #]
PRFEEIN TA]20 ms.

PPITHEL A 5

SA
PPI (%) =(1 — e oiEP

x100%
SAstartle —only ) ’

ML)X]OO%

PPIL,,(%)=(1—
pp( o~ SAstanle—only

PPI(%)=(1— S )x100%
SA

125 LT S0 HPE DimeantS. EMEAE
No B GiiE i GraphPad Prism SHKFHEAT. B3
M 25 5 03 1 K Ml t-test, P<0.052% 2 5 BT W % M,
P<0.01f1P<0.001 4 7= 50 B35

2 &R
2.1 C57BL/6J/MRaAEIRR S BE

FEV VTR P 52 56 7 & 22 R0, AT e
BIXFCSTBL/6J i Z /N SUBEAT fan A\ i H -, DA i
it Z /I BROBE NS 77 28 0 2 5 s S 9 S o R
o DNRURCE TE RN B e, £
65 dBIYIAEE FIE N2 minfg, MRS Lk
Wr65~130 dBAY A o il i, L5 50 s S M B bl 7 )
JERY #8 R AR . g5 IR R, B e (R 5, )
BRI R S S IR 20 LT, SIS TE ih £k (1K3) .
X} F-CSTBL/6I/N i, 65~80 dBI¥) A & ] i A £ 5
i IR AR S, M85 dBIT A HH B bk 2 1 5
S, FF HLBE A Ao I, 72 R S E T
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) P KT 100 dBINF, R S S e R T A
Wl BTUL g, A G S SE 80 TRk A T
V-5 105 dBAE by 5 bt SO BRI 5 A1 AT
i b 0 2 56 w3 A 80 dBIY 7 5 ) (1 ol
PONE R BT KRR
2.2 C57BL/6J/MERFZHA S 1RIE4K

B W) B2 I 22 U5 S O, R e X
SFF I B £ 3B R [, X — B R PR A e 0 ST
(short-term habituation). A% IR, /N i
S22 [T 30U AH [F] (1 5 75 5 3018105 dB), i s RF K1)
TR AR . S5 RN, B 2 O A
I, CSTBL/6J/IN Bl A 5 58 S SN WA T B, o J0H >0 4B
FE BV Ky (87.64+7.82)%(n=16), 214 7201 K3 )
WG WI(E4).
2.3 CS57BL/6J/):ER Bl Bk i # l  E

HR 4 N\ IR 5 R, FRAT 1AL+ T 105 dBAE
h R SRR B RE, R T <80 dBIHISH T il L
68, 71, 74, 77, 80 dB(4) | LL 15 St M 75 65 dB i iH3, 6,
9, 12, 15 dB)YE A A ok fofil . AR im0 0 > 458 1k
RGER, FRATEBlock 1% B 207/ 5 & 503, 1 ik
P SR T R BAR S HOLE 2K .

S0 S5 W, S R (R bk o 0 e 2
ZAHI105 dBAIFE P AR I R U S R TR (S A) .
KISBJIT 7~, Bifi A5 i Bk o o 38 %) o B2 EH 68 dBI i
FI80 dB, i ik i 41 5] 2% % A(24.83+5.37) %4 Jin |
(34.67£5.30)%. {HJ&5PPlss apppfH L, A PPl appp5

1 8004
1 5004

12004

9004

Startle amplitude

600

300

1 8001

1 5001

1200+

900+ Kok

Startle amplitude

600+

3004

[ e B S T S B E E e SR R ma—
65 70 75 80 85 90 95 100105110 115120125130
Stimulus intensity (dB)

LEAN [ 55 JEE (19 75 5 (65~130 dBYRIHH T ™ A= (1 s 150 SN W 2o Hedle
RIR A PRI AE R 2 . SR AR 20 s SAgsan vs SAss as,
*%%P<(.001; SAgoas VS SAss as, Jo w5 TEZE o

Startle amplitudes at different stimulus intensity (65~130 dB) were
shown. MeantS.E.M., n=20. SAgs s VS SAgs ag, ***P<0.001; SAgoas Vs
SAgs a8, nO significant difference.

[El3 CSTBL/6J/INER 61 NHI HH il %
Fig.3 Input/output curve of C57BL/6J mice

AR 7 e (BI5B).
2.4 754 & CSTBL/6J/ N FR B Bk it 410 1) ik ok
BAVLE L, ES250F & 2t B M T 25 %MK-
801175 A PPI 2 1 /I8 iU AR o SIZ &5 SRR W, 7EPPI
MEAZ AT 10 minfi 73 59MK-801, 68, 71, 74, 80 dB
(YT Pk b I B AN e % 25 41105 dBAI™ A= 1)
R SRR (K6A) . 7E68 dBFI80 BT ki il 4
1T, 1 5IMK-801 K C57BL/6)/N B, HPPIY) i 2 AIG
TR AT T A B ER /K 21 (1 PPI(KI6B) o

L L UL UL L L UL L L L L UL UL UL L
1 23 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Trial No.

C5TBL/6J/MHELES0UAE105 dB 7 F B R 7 AL MR SR I L o Kl 30 1 (Ehn kit 22, e/ B 16 0.
Startle amplitudes of C57BL/6J mice in response to 30 startle stimulus (105 dB) were shown. Mean+S.E.M., n=16.
El4 C57BL/6J/NFRFTHA S 151 i 2
Fig.4 Short-term habituation curve of CS7BL/6J mice
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(A) (B)
1500 1007
1200 80
Q
k=l
£
2. 900+ & 607
£ < *
< —
Y ~
T 6007 & 40
7]
3004 204
0- 0=
0 68 71 74 77 80 PP 68 71 74 77 80 PP
Prepulse intensity (dB) Prepulse intensity (dB)

Ar NIRRT 5 5SS W, X B0 dB T BRI B ANIRIET KIS R (PP, X B 68 dB kil il . Hdak
B P bR e 2 . 2R N B 10 . PP: 80 dBRI ke, Be RN *P<0.05, **P<0.01, ***P<0.001.
A startle amplitudes at different prepulse intensity, 0 dB prepulse condition as control; B: PPIs at different prepulse intensity, 68 dB prepulse condition
as control. Mean+S.E.M., n=10. PP: 80 dB prepulse only and no startle stimulus.*P<0.05, **P<0.01, ***P<0.001.
El5 C57BL/6J/)N AT Bk i H 35 R
Fig.5 Prepulse inhibition of C57BL/6J mice

(A) (B)
1 6007 1007 W™ control
EE MK-801
2 12001 80
2
a 9 60
g 8004 =
= a
E & 404
7]
400
20
0- 0
0 68 71 74 77 80 PP 68 71 74 77 80 PP
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Az HEMK-801J5 AN [ HI k4 1R 110 55 150 S S 2, 6 0 B ke R AL B ASTRD A kol ) 84 ¢4 R IPPIME . Control: /A #f 4h
7K; MK-801: 0.25 mg/kg MK-801. 4t %A by P {Hbp ki 22 5280 /N WRUECR [ 411050 . PP JLA780 dBii Mk ) ik, 643 7% b ol ik
*P<0.05, **P<0.01,

A: startle amplitudes at different prepulse intensity after MK-801 intraperitoneal injection, 0 dB prepulse condition as control; B: PPIs at different
prepulse intensity. Control: saline; MK-801: 0.25 mg/kg MK-801. Mean+S.E.M., n=10. PP: 80 dB prepulse only and no startle stimulus. *P<0.05,

**P<0.01.
El6 MK-801i%-5C57BL/6J /)5 Bl Bkl il fR 2k
Fig.6 Prepulse inhibition of C57BL/6J mice deficit induced by MK-801

3 itig A7 T HEPECSTBL/6J /N Bl BE S A7 24 "EPPIY - &R 4
RS T CSTBL/GI/N BT R I RO AT ik EESHL, A A ST 0Z N R SN BRI IZ 5]
PNk, G5 REW, B T 5 T ThREIR AL T RAFMSER T A .
I P 3, 6, 9, 12, 15 dBIRISH AL ik skl 5t 2 4 FATLRIMK-80 145 24 75 31, /8 T 2k
Hile BTN AR AR AR D ZE IR 2 e, PPIAI PPI 2% (1) /) LA B . MK-801(Dizocilpine, Hi # it
SET A, R SHAERRIFERE SR Jrkk PO TP IR B R 4, EN-HEE-D-K
R B IR L S R ORI AR ARSE S RSN YRR U T
[ T R 45 ) R A A G — ™D FEIRATTIIOE IS, i A o SRS o ROESh R Y, W] LA Rt 5 i
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Y2 ). ZIAT I APPIE R, FEARRFIT, 3
TR — VP J s 1 S MK -80 1 /K VA WL I 5 92, iff o2
T C57BL/6I/I fL£E0.25 mg/kg MK-8014F J] F fig 1%
5 ALPPLIE FHLR, UL B ZPPIR I R 40 1) 45 T 5.
5k R, 5 R BB R/ BURICS7BL/6J /N B
PPLIZ 2% 6l 2k MK 80171 5 34 250.25 mg/kg!", & T
WS/l R FISD il 28 K B 75 22 1 71 #:(0.05 mg/kg)! e

TERLIA ST B S b, AT R30I L
R, CSTBL/6J/IN BRI I R A T B EAR /DS,
W ST FE AN Ky (87.64£7.82) % 111 STk FHFi 38 1)
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74, 77HI80 dB, 153 1 W& HIPPIACR . R AL
B, MK-801 1] LA$ R/ B A2 Bt S s B o
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startle stimulus )52 35 e 45, 3 ILPPIE Fi{H IS o
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(PR TE [ R SN, I BT 8 BRI A T
PRZER% N EER Ao T e 5 A% AR o 7 S PR R A,
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BE I A MU A R FNAR B A% 55 0 % & 98 2 55 PPIIY M
01N B A i DX A5 B A R S B R e B
Al RES PP
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7N, VR BRI TR IS Bl T 145 D e ik a0
R 1 73 0 3 1E 2 RO AN BRI X IR 8552y B 5T 2% (1)
S A RHEAT A R0k, EDPPIGR 2%, 3 i K i
I, BIRSLIRE . RIBRAT Ay AN RA & A Fn sk b
SRR . 2GR, K #h 0 RUE A A PPIGL R
(FPEARI2120, BRI, i SRAE SR 56 30 bR I BT
e BEEEL VEE SRSB4 I BLS, w] LA
F REIEATPPIAL I, DA H 75 R 12 2 | )4 il
Rt L BAT R AL,

16 Ak, 5 38 A RE G 2% S 1iE(Gilles de la

Tourette’s syndrome, GTS)H, &%t iz 5[] 2 HL A
PPIGR AR (RER R 2 WIS AT 4 W, fE)E
S HHAPIE . JEtEXZEGE (fragile X syndrome) 564
PRI B, 5 PPIAR SR AH G200 [RGB B AT 37
(R S5 ZR 40 W] DA 142 40 2 Do DR ml i AT e B /D B 5
WG R A AH DG IR Y, Bln) LA T 18 ¥R 97 LA
IR ) .
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(FEM KA YR 5 TR, A8 350108; 24 2 b 5 25 K2 B AR ERE, /&M 350004;
EGER A AR SRR R, _FiF 200092)

WE R R IR R AW K & ) 48 e (retinal microvascular pericytes, RMPs)#9
B BRFE, SANISR B IR R A5 R RS KR P # IRIRER, KA RA B HMF R B
BIRBALRE, 2R, A, iTIR AR MR R i B, T AP A, MTTiE M4 RMPs
A Ko 2k, 18 1348 B R AT RMPs TS &, %72 K RS Bl tmfetriedh. HeaR248Z 18 A0 P i 4
BAEarE. oM. RRaeliE. Aall SRk @miimiil, 2R 5, sl X N
RIE A 2B, BT 24RA R IE 2 2R b, 6IRALF JEAL . 2 5% R AR, SEANIRIRAL W 5 B B 18]
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Isolation and Cultivation of Retinal Microvascular Pericytes from

Weanling Rats
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Abstract The aim of this work was to culture retinal microvascular pericytes (RMPs) from weanling rat
and optimize the protocol for isolation and cultivation of rat RMPs. The retinas were obtained separately from
weanling rats (n=15) and adult rats (n=15) by ophthalmic microsurgery instruments. RMPs were isolated from the
retinas by mechanical morcel, enzymatic digestion and filtration, and were cultivated. Cell growth was assessed by
MTT. Morphological examination of RMPs was performed by inverted microscopy, and further characterization

was analyzed by immunofluorescence. The differences in isolating-time, integrity-ratio, total-numbers, morphol-
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ogy, and marker-expression were observed. All retinas of weanling rats were successfully isolated. 24 of them were

intact and 6 of them were broken fragmentarily. The time for isolating retina from a single eye was about 14.3~45.5

seconds. The isolating-time, integrity-ratio of 2 groups showed no significant difference (P>0.05). There was no

significant difference in morphology and marker expression between the 2 groups. But the total numbers of primary

RMPs and the proliferative ability of the cells from weanling rats were higher than those from adult rats. These re-

sults suggested that the retinas of weanling rats were favorable tissue source for RMPs culture. Here we established

a protocol for the isolation and cultivation of RMPs from weanling rats.

Key words

LD A4 10T 7 5] 41 P (retinal microvascular peri-
cytes, RMPs) & L W Ak IfiL 87 1Y) B 2 4 i o3, 5
S 240 5 e M 3 [ ) pl o I A B . RMPs[R FLAE
ML KA R, FRoE . B 98 5 AR 3 B O R
bR 5 B L PR AR UM H 2852 B OGTE. BEAE
RMPs RS IR 58 22 5K F NP e P50l A= U5
PEVIGR L, H 252 Ny M 2R R R AN 1)
SO, B AT 2 B T —E PRI . 320034k,
O 5 TR BRI 5 R sl 30 o o K B 70 B G 7
RMPsFfHUAS T st Ha 50 55, 5535 g R4S
AR . ARSI HUAE B AT ST A B FE AR
I FL K FRAERMPs 73 B 55 77 HR M H

1 RS

1.1 #%

L1l FEEshdh  SERCRAME RS REIESDR
30K, o AR AL SRR R AR K R 224, o
3JARAIW LR RIS K, R E40+5 g; 68 il B K B
153, AR HE200+5 go WK H LR SLRsh YA
BRITAE A ] o SR BN A8 H G [ R AR 2R
S 198SEEMAL ) (SLER BN E H M) o

112 £&&4 K0 gL)DMEME; 773 (Hy-
clone’A 7)), G4 i (fetal bovine serum, FBS, Hyclone
nal), ARG EE(Sigman 7)), oB- P SN & H /s
SRPTA BR FR 7e P PUAA (a-smooth muscle actin, a-SMA,
SigmaA ), ML/NEIE 1A K Bl 52 44 -B(platelet-
derived growth factor receptor-B, PDGFR-B) % % 7 Bt
A (Santa Cruz/A &) , f2 it 7 4R 14 4 H (glial fibrillary
acidic protein, GFAP)/) F P11 K B . 7 BE LAk (Santa
Cruz/A ), vWF(von Willebrand Factor, vWF) %t % 7 [
Ptk (Santa Cruz/A 7).

1.1.3 ZE2HEMBEMAE  SNFLIR(Cominga ), AR
BHE AT 8. WDBERE &8 (TR S S8 B

weanling rat; retinal microvessel; pericytes; isolation; cultivation

BB~ A, COZM MRS 74 (Nuaire A A ), B E
TR (R A D), FERE 600D H S AHHL
(Cannon’a #]), BFbr1X Model550(Tecan’/A ] ), TCS
SPSEUOEIL IR AE WA (Leicas H) o

1.2 5%

1.2.1 RMPs#g4#&3E5  dRBRAERaE Iy 2
17, P SEOGAH S A5 22 K 1 AL TR, i # /R #R T
TG B PR SE H HEAT, PR 5853 B B A S5 A DG B R 1)
FEPBSHH AT o (1)F K B Bt A b B f 57 B 47 B AR
HOBEHETSH 1% E#ENPIMPBSH . 10 min/5
VIR ER AL 72 227 5% K H IR LT BE60 s, HUH FEIR
EPBSHIMPE3 . T A0 2 R A I ] e AR
BR, WS A DU S A0 BT T AR ER, 8 AR A K 2 2
PR E AR AR R AR HE L S, 25 BR IR AT 1T 4
B BB A, EPBSH A2 52 B e 3 UK 2% Bk ke B 3 1 A4
SRR, & DL EERAE B E e N AT, B
PRI A A o HR Bk AR A B HREERA IX B 43 25 ]
e, Q)M R Z 8T Y) 2 23590/ v
Ko MMA2~3 mL 2 g/LEITR i Ji g, 2 2mdT 35,
37 °CYH A 15 7= 46 iH 425 min. A2 4520% FBS
FIDMEMZ 134k . 1355 pmdiE R, A% JE I, e
SIS Fr BOBELR, 4 °C 250 g5 min. TR
IE, INIE EDMEMKG TS S AR AT IR 21, Hefh
T6fLR.

FoFLIR B T 5% CO. M4l 85 7% 46 137 °C R
Bk, T2 hNZE IR )R IR 72 hE JF 4R 3 4
B dk, B3 A LR BE IR A BRI, AR b RAT
DA S 572 Wi U5 B ) ol L A A e 2 A K LR 1)
80%~90%Hf EPAT {H AL . FFIHREFRIE, LIPBSIE
BeLIk, M N0.25%% & H BF37 °CF ¥ #1~2 min.
TE AT TS AR RE, L% 03 40 R T G i 4 7%
[ T RMPs [ 45 £k A~ B S I, W s 6 2 79 A, N
DMEMZ 1BV A . AT 55 IR AR LR LA 3 2% Joit 48
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R BE, FERE IR LAPBSIE 2K PRI RS A
B AG2~3 mino 20 [ 4 28 5 B, W o Jok i ] g 2
1BV AL, INNDMEMPR T i 1 40 it 5t B, 4 i 1 H50bi
THA R R, ot A EAARMPs B & . T AL Je 1%
1:2 1) A B 5% 2% AR AR B, A 35 77 OO &
10% FBS[JDMEM .,

B34 it & FIRMPs, Y AL i 1 54 41 ff 25 5
NI 10*/mL I B &, Heh T-96FLAR H, f L4
100 pL, 3 d¥Ri 17K, $% SCHR[ 111/ 776 440
Ju Ak Kl 25
122 @mfpkx JEALEEEAE B N
17, WSS M ) AR KT, KT 40 Ji T 25 X RMPs i
W . RPERCE BB RER S T
HEAT, Z BOSCRR[1310 75 725 LA 41 B b iE P a-SMA
MIPDGFR-B. W 4R ICIvWE . #2215 41 g
FRIC ) GFAPSEAH TR AT 45 5E o
123 %7k FISPSS 11.5HEAT7HR 3. &
PR DL(es) TR, H RS o A HECR a5

5E T R E R A 36 OFS B M 7). P<0.05
NZERBA G

2 H#R
2.1 KEARBMMERR 7 B=6l &

7 07 27 K BRI 3R AF R B /N (P<0.05), #ILI
L ) 4 28 R AT A T AT R SRR K, (LR SR AR T 9
BEAT ALEE, 9 4LIA] 6 3 B e A) K o B A R e GL it
SFEF(RY) . P A I B AR . HT W
FUR FRZEL FF 24 HIE AL IR0 s S22 3 0 Y GHIR AL IR0 sl 24
SR HRERT R, B IR I 43 25 T (] Sy
14.3~45.5 so JRAE K RUAH 20 MR AL 194 JIE5 52 3 B
1HREAL ) B0 2 S5 1 R L RE R B e, BN BRI KA
JE 73 B B [H] 913.7~49.7 s,
2.2 FIERFL AR RMPsE K4F AR

T 2L R D S 1f 5 A v E B2 R 524 hoA B AT
DUIGEE . RMPSTEERN 524~48 hITHA T s H W &
FBL DRI Fr BN O I EE AR K. R 40 il 4

®1 RKER. AWRTEML RS EER R

Table 1 Comparison of eye diameter, integrity and isolating-time of retina

45 R (n) HRER B 4% (mm) 4 BB (s) TERENE(%)
Group Cases (n) Eye diameter (mm) Isolating-time (s) Integrity (%)
Weanling rat group 30 4.1£0.3* 27.0£8.9 80

Adult rat group 30 6.0+0.3 23.3+6.7 96.7

*P<0.05, 5 BAE R R L
*P<0.05 compared with adult rat group.

A

A~C: MIWTFLK AL D~F A K 2L A D: RMPs ABIUILET P (357 3k ) S Y, S8 HC R0 25 (5 F 72 h); BLE: RMPsZi RS 75 7= A0 AL 1) 528,
TEASHERE, AR A D B R AN 10 d); . Fr E800 BOEE AR K IRMPs A B8 K i -, AR ZAE, #2584 AR R=100 um.
A~C: weanling rat group; D~F: adult rat group. A,D: RMPs migrated out of and grew from a central retinal microvascular fragment (white arrow) at 72 h;
B.E: RMPs appeared as colonies of dense cells with illegible outline mixed with a few of contaminating cells (on day 10); C,F: some sparsely spreading
cells presented with large flat irregular triangular cell bodies with multiple long processes. Scale bar=100 um.
1 KEREKRMPs
Fig.1 Primary RMPs of rat
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AN, BIRHN = M (AR B 1D). 1E96 hitf, 4%
S DL A7) WT 7L K B 2L D i H 1) 4T R R T RO A K
2. HARMPsAK G212, 297 dJE ¥ Ak 55 K
Y274 (B IBFIELE), 14~16 dJi o) LAik 2T g &
MR (80%~90%RH ). T kA I, 20 i £ v Ak 41 i
HEF %, TRt A0, 7T 2 JE S A KT A
P . R BUE A K RMPs AR 58 K. 7 (B
ICFIEIF). 14 difigtk. Giit EACRMPsEEFL A 3L
GEGTE TSR LI Ge it ), A LK R
H JF ARRMPsF 35 297.4x 1044, HAE K BRZH T 19 4
4.2x10%4L, POZE 1] R A I 250 B 1 22 S B Giit 2

*
8 =
6 =

T

Cell number (1x10%)

Weanling rat Adult rat

E2 FHRMPsEH 2 E(EFL)
Fig.2 Average total numbers of primary RMPs (per well)

A B *
@ . ® e
—_ —&— Weanling rat —_
:E: - Adult rat §
g g ——
I 0.4 T 0.4
[} [}
= =
< <
> s
3 3
S 0.2+ S 0.24
°© e
° °©
< <
0.0+ T T T T T T T T T T 1 0.04 "
1 2 3 4 5 6 7 8 9 10 11 12 Weanling rat Adult rat

Time (day)

A: RMPsZE K2k . TROG AR ZARRMPS AR S . RMPs 4~7 dige A4 (K30, 10~12 digE NSF 5 301; B: 259 dIN AL O G RE B LE
A: growth curve of RMPs. Absorbance value indicated the relative cell number of RMPs. The cells entered log phase by day 4~7, and transited to sta-

tionary phase by day 10~12; B: comparison of absorbance value on the 9th day.

3 RMPs4E K45
Fig.3 Growth feature of RMPs

A~D: FIWr ALK B3 MARMPs e 7 Qe ti. A: o-SMAPH 1L, B: PDGFR-BRH £ KA C: DAPUZ Y, D: A~CH 418 E: A KR 28 =48
RMPs %% 5 Ye 457 4 Kl (0-SMA+PDGFR-B+DAPI); F: HIWT LK R FEACRMPsHF 548 hf il 2 e 4t 52 4 B (0-SMA+PDGFR-B+DAPI) . A~E:

FRR=100 pm, F: $5/X=50 um.

A~D: immunofluorescence of weanling rat RMPs at passage 3. A: positive staining of a-SMA; B: positive staining of PDGFR-f; C: nuclear DAPI
staining; D: overlay of A to C; E: immunofluorescence of adult rat RMPs at passage 3 (Overlay: a-SMA+PDGFR-B+DAPI); F: immunofluorescence of
weanling rat RMPs at 48 h (Overlay: 0-SMA+PDGFR-B+DAPI). A~E: scale bar=100 pm, F: scale bar=50 pm.
El4 RMPsHERALEE
Fig.4 Immunofluorescence of RMPs
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] DAPI

A: W/ B4 IIGFAPPH PR Rk, R E5, N A RIRANE; B: N MBS ICIvWEIIPERIL; C: DAPIIZYY; D: A-CEA K. A~D: iR

=100 pmo

A: little positive staining of GFAP of glial cell with green fluorescence; B: negative staining of vWF, marker of endothelial cell; C: nuclear DAPI stain-

ing; D: overlay of A to C. A~D: scale bar=100 pum.

&5 RMPsiEF 2%

¢ REARERY £ E

Fig.5 Identification of impure cells in RMPs culture

= (P<0.05)(E2).

FEARJERMPsTES hP T 46 U5 %, 248 g b [ 72 A
JERNAHIN = T, 4~6 dJE 40 i A=K IGTETE R A IR,
8~10 df5 TE B AL 4 ZE, MAARAE . 10~12 dJ5
Y EREEEAN LR, SUEHES, EE 2 2. AR
AT R AR B SR, 2 A K it 4R R R IR AR
RMPs 5~7 dift ASF BRI, 2210~12 dift A F- 5 1
(FI3A). H i LK RMPsH 5 3 1 55 68 71 5%
B K B 51 (P<0.05)(EI3B).

2.3 VIETEL KR RMPsHY £ E & FRAE
MO e - AR = AR 2 M A £

NG W H E NRMPs. 4N TEAS B &
Z5, RMMRPMSIER, ] DM 2 5B TE B I

BB, PRS2 BoR, ERMPsIEZ 41
b JFG AR R A AR A A 3 20k T 40 B b 12 #o-SMAA
FIPDGFR-B(El4), &K WKL ME#E . RMPsA KX
PN 2 20 PR S ARG VW L B J5R 4 A S R A
YIGFAP(E5). W ZHRMPs % 5% Y 45 56 B &5 2%
T A 4 b R Wy WFRH P 0k (1 4 i, # /b &
Y0 I GFAP I BHPE(5), 96% L _E (K4 ity 7] I ik
RMPstric ¥a-SMAFIPDGFR-B.

3 i1ie

FE] 24 B 10 5 1 B T 4L AR 4, HG 7E B
G LR TR T B A T R A 09, BRI,
RIMPs 5 4 R 53 400 000 055 2 6 400 D0 7 2 1 2 4 6
VERIR B B IR, [, HE4T (RSP RMPsE
Fe 45 BT B FERMPsE L 100 57 A 1085 A6 56 4 5
9 AL

4§, RMPsHF ¢ H 2552 51 40, {E2 K 4L SU5

HCHL IR %) A 5 32 B e Ak 35 9% A 5 55 IR TR R
i, RMPs[RIH SCHIE T2 21 1 — € B FE M, 11T 128 1 v
JG TN B4, BEAERMPs A &b 55 3% 0 53 it H E’J?H
GBI ——PL I 22 SRR T NP s A0,

EPJ\J?@!H,/\M *Jﬂ”\i/)m, ?M%ﬁﬁ)&ﬂﬁ)jﬁﬁiﬁi

;'E B ] 75 Eﬁu uARMpsﬁﬁﬁtﬂm&U&ﬁ
?ffh#%%}uﬁ’ﬁf%ﬂzﬂ% V5P 2H 236 R R -
’\ﬁﬁ/'\ WA i B, AN o AR 2 B4
WF FH B 9 LR AL 2R AR, DR D B FR 25K P AL 1Y
2 S AR R S IR BR (1) 2, R /b = IR ER Ep ]
DAHE L 2 5 FIRMPs, #07 T 70 B 55 72 RMPs. {H
SE LR YR H UM R A BB S I Bt 7EIREL. fR
i BT . A, AR 0 R R, Eﬁ}
AR R PR R I IR E BN R k.
Ab, R AERE R B AL B, EAR ET S %M#
RMPsHff 7t 2 3 T 2= I ERMPs, {E 270 R, 2FIR
PERMPs 5 A J5 PERMPsTE A& &b bl sz 6 vh R B A
—JE [ 22 S DS g2 1 AR YR MERMPSE AR A S5
(1) FH e A G S 56 45 18 1A R Hf 12 o
RN M. B LRAL MR EE, H
AL, ANATTFFAEIR F DAK BN 4 25 kL 3 9%
RMPs. KB A& S2U6 % 5 H B bR AL T Zh ), =2
IR PRIR IR B . WS dE el B AT IR
i’3+ PO, T HABA TR E RS —, 5T
S AT AR AR o (ER K RRIR BRI B AR AR X
BN, T AR, BEAEIR > H T RMPs AR SN 5T
20034, H A2 #FH Kondo 5" g IR F % 28 R K R
IR BOE v D  S7 T RMPsEH bk, F44 FH o
BRI AR 4T T 4tk . (B 2 Kondo 77 1) N 41
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kR, HPTR ) R R SR AR R, AR
el I PE . 20054F, 3 [ 2 3 T BOA AR G
PERLERIE KB P ORI 2EAL 1 57 I ACRMPs .
IR G R R BRI PR AL X RS A Ak 252 I ol 7 ) B
AN G BERHPE RO 20, A P RS, A R &, H
HEER S AR 45 & Ja ME L B, SR AR K —
SEMAUNT . 20124F, FRATTHE T AR K BRI o L
Fr BUEE ST — b ) {3 (4 J5UACRMPs R 85 97 7 &0, {H
FEBATRIL, AR SR A B G SR RE JI A 22, TR A b
BREARTT . ALK IRMPsH; 77 77 %

5 _F A S50 R R KR A0 I R A 2 7
ORISR, BATEAUHE Tk 13 4 i 11 i 7Lk
AL AT Dy 32 B A0k, R e B K B IE(E
Wrrl, CaRA M KAAERES), A RRES T
sk, SRIWOTE. FEONE B, KRR BRI
W — BB AR SR 15 d e A T R, 3 1 47 1 7L,
IR SR FRAL O HEEARA L A Do A B /N SR 8 ) K B L 22 7870
KA R, ANE RN A R AR R A S &y
BRI R, M HARBREE KRN 5, oA i B i
RIS K B A P P B iy, B AE 0 S SR, (ER T
LA Bt MR SR X i /)N, 400 o B 73 25 ) e P2 A 2 R g
R BB EER, BRAE T R K BIRER B A IR
MR A REE N T k. ASEI e 1 IRFHE i
BYL OB MLV A5 5 BRSSO T, X
SE 8% PR T A0 7 LK R IR 2y I, T R REAE AR
X i 75 (10 VA MR8 75 S A S M B0 (R A 1, A R
6 BT RIR AT o A G AT T 3L K SRR R
BONTATASF T4 A B 1, BRAR T AL L 23 B A 45
ARESR . G5 REIR, ALK SR ) 23 B I 1)
SRS RERNRAMLLIF G 8 , ThR e
EFE IR 18] P 56 AL B I RL R 7 B 43 A

HHR BRE, ST BEIRT G 1 AL AP 2 IR AR R, DU Ji5 1
AR TP RE IR S 5 B [ e IR BR . Q)W ALK R
AR Bk BE B0, 7E75% IR A HH R VR K B I ) AN B o
K, DL S0E . 3)FE MR BRI, AT LU FH
BT TV AT I BT 5 [ R 1, v R A D
ERE 12/3, DLJ7 AR R R 1 S8 B 0t o (4)7E R
AR ER UG H A X LR, e RF s A 22 BROAR, WA
AR HEL AL PORR R, AR ERE K, LA
G X B P 5527 et 5T P Ak . — L IR X
i, 5 B B R T RS AT A (SN g 1, ASEHES) T )

BRI, V)2 AR R SR ATHERY . (5) 7 B3RS
WIS S , s HLAEPBS AR ik, LA bR A5 (1 3 8
IS IR T 2

I S 2H 2 R — b 22 A 1 4 R 4144, RMPsE%
FRIE TR A P 7 20 B B Ao 22 J o A a2, [T b, 4
Mo % 8 ARMPsH: FR i fEF — AN EE N R WES
S0, HIAL R BRI RMPs7E NI H A 5 F B
N, 2= AR, &R B G 2T AR =
2 M, 5K R S BE A o ) A s 1)
RMPs TG HH i 72 51020 4 gl 22 e IR 8 5 28 08
HAE ST SENE, H2 AT RMPsH /D RE 5 PE bR id
Yo FRATTR A G 5 bR 28 51 T RMPs %8 7€ 1)
HERRTE AR 52 . o-SMAFIPDGFR-B ¢ FH 1) JE
AR I, AT TS SRR, 55 9% RMPs4l i
1E96%LA I, HIWr 7L K BRI RMPs % 7% %% Yt o-SMA K
PDGFR-BXUGFHME, 5 AR BRI RPMs G B i 22
5, HGHARA R IEERMPs IR AT, B A 1E
RSE T HAEFEP48 hE UL 7 B i vis th 5 A
1EY)a-SMA X PDGFR-BI1) ik, KX # Fh s id 4
EORPHMERIA, 5AERMPsZL AL % 58 I 45 SR A
[, FR A5 S G e 1) 4 e Uk B T I L
KERIEERMPs B £20E HIAE AR 77, [R5 T4
FLOK BRA P i 2H 23 )5 ) 1 77 3843 1) L ARRMPs 4T il
ek, B2, KUK B H T RMPs A4+
oy BRI T R B . AR SIS T W LK BRAR
I 5 8 37 [P RMPs 73 B9 355 77 4 5085 4 J5 B TRMPs AH
KA TR AR K TT (8
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BT 22 B g 52 4K B2 2 Bel(TIL ) AR ST 18 R 45 M il 31

T B # % B fEKR REw T & 2T
(HP Ll R e g = Bt 2R 4697 HR G, T 510060)

WE KT AR LTS (hepatocellular carcinoma, HCC) 4 69 K G I JBLLLR F o B H‘F’J'
i M B 41 i (tumor-infiltrating lymphocyte, TIL), FF#ATHRIN K Z5 3 097 k. AR AT, £
LAFRRR T RE QIG5 R, Zingnrs. Belive, RATELBEMELE B R “F
WRELEIL, B AR E @I KRR KA T EAAE/ME2(IL-2)(2 000 UmL)#AT3] &, R/ KA R
A¥ FAR GG 91 JB) A7 2 AR 43 Fe bm B AT I 38 . ATAT OB R AR IB KRB ARA, P4 B 69 TIL¥) 4%
A JATIERY 38, I3 5 i B A (1~5.5)x10°. 38425 H 111~572. ¥ 38 B89 TIL, R A AN &
ILCD3+4m 2 8 L 4] 9 (90.3+9.4)%, CD3+CD4+4m it 64 b 5] 4 (24.9+14.1)%, CD3+CD8+4m e, 4 L 47
#(56.4+20.2)%, CD3+CD56+4m i 44 Hu 5] 4 (14.8+12.6)%. FAH4&m 4 R 2=, FFETILA 3F g 4R
& tm Ji, % HepG2 A= Bel-740274 2 5% 69 A 4E . B sk, KRB Z B B4 7 ik, R AR & 6 TILEARS)
AR HATIE Y 18, B AR AT G E I, ST ANE A T A S B M 98 56 7 49 —FF T EX.

FEEIE I BRI R A SR T AR AN I B R

N\J

In Vitro Culturing and Characteristics of Tumor-infiltrating

Lymphocyte of Hepatocellular Carcinoma

Jiang Shanshan, Tang Yan, Pan Ke, Weng Desheng, Zhao Jingjing, He Jia, Xia Jianchuan*
(Department of Biotherapy Center, Sun Yat-sen University Cancer Center, Guangzhou 510060, China)

Abstract The aim was to investigate the methods of ex vivo expansion of tumor-infiltrating lympho-
cyte (TIL) obtained from hepatocellular carcinoma (HCC) biopsy specimens with a rapid expansion protocol. In
this study, the specimen of primary liver cancer came from adjacent carcinoma tissues. After crushing and enzy-
matic digestion, the lymphocytes in the single-cell slurry were separated by density centrifugation. The isolated
lymphocytes were triggered with high dose of recombinant human interleukin 2 (IL-2) (2 000 U/mL), then were
expanded in large-scale using peripheral blood allogeneic mononuclear cells as feeder cells. Nine primary HCC
samples were used to try to isolate and culture the TIL in vitro. After two-step culturing, the number of TIL could
achieve (1.0~5.5)x10° cells, and the expansion fold was 111 to 572. After expansion, the ratio of CD3+ T cells was
(90.349.4)%, the ratio of CD3+CD4+ T cells was (24.9+14.1)%, the ratio of CD3+CD8+ was (56.44+20.2)%, and
the ratio of CD3+CD56+ was (14.8+£12.6)%. Moreover, the TIL showed strong killing activity to HepG2 and Bel-
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7402 cell lines in vitro. Taken together, the TIL from hepatocellular carcinoma can be successfully cultured and ex-

panded in vitro, and with strong anti-tumor activity. It can be served as a means of the candidate immunotherapy for

postoperative HCC patients.
Key words

culture

JER A FHE i 2 Wi PR b s DL ) S 1 B 2 —
WRYE B Girt, At SR K e o 251,
Ja A IR 0 5 A, AEFRE, R 0 R AR T
IOBNE R R HESS B =, R E faE AT B O R ER
(W KER 2 —. MG IT EaisEFARBIT.
IENIETT AT BRIARIT S5 2 Moy 2, X A
EH—EIT R, SRR T ORI AN AR e S
AR BRI 4E R BARKF, FARE LA
17 RALN15%~40%, M N A 62%~82%[H) & H K
K, HE R g p it Rimst T, Kk, SRR
BT I B T B B G IR .

Fo SR IT A& B DS I — M Rg Ve 9T U7 2, CAH
FINARTFAR BT AT A D Aa T 77 2, e
JE LR 1R YT TR R E EAE AR, 20104F, £ EH
FDAHE#ETH S F 58 — AN 20 i 4 %8 V6 7 7= i Provenge
BT, T MR R VR T, 785 o H 4 A
REVRITE MR YR IT TR A ED . TR RRIT, —
LERT 5 I PRAFE 783 BH, 40 M S ie vy it T3 4 e
BEA— BT Kk, RN ZEEIR T, A
S BT e — MR R R 1T IR MR
T 7 B2 41 g (tumor-infiltrating lymphocyte, TIL)A& {7 1E
T IbTe 1) 5z P T AR E2 40 1 A 32 1 S Jo 1 9 E 4
FEAR, K 22 SR A AE b e o) B R 1) Joig 52 2 1K [ i
o A BN RAFAE T P ea 18] J5T A BTk E2 40 i,
/NS IMHCHE PR il P ONK 40 e, H 3L [RIRRAE R
KT i 32 445(T cell receptor, TCR). TIL [ Jif 3 4H.
ZAX I, AR SR B AR, AR R I MHCRR ]
P A R vE PEM. 38 EINCIfRosenberg 250 i IR
SIS AASRT 2H 2343 B B TILAE AR A 2 IL-230% FF K
EY G, TH TR AR EENRT . AT
R 378 378 vy T 2 BT K ILAK (Iymphokine activated
killer cells)4H JflyA 7 HiR . IT4F kKR M 2 FIHIG
PRI T8 7, TILAHAE S5 V697 FIE 8.20%~40%
(1) 6 1 8 208 R A, AR o o R TILAE y— P4t i
TP IETT T BAE MR 16T T 71,

HAT, BB s o e b s R 5 2>, Rk

hepatocellular carcinoma; tumor-infiltrating lymphocyte; immunotherapy; ex-vivo expansion

KRR S E S BEIR T 52 BIRKIR 1l 2 BT BF 72
Wi doR, R AFLETIL, HF A A B 5 8
HHI UG R EART. T AT TILE £
B2 7T R AR PR R, BT g PR S
P, BRI AR > B TIL, FRAEAR SN T I AL S
PG, AR S A AR R  RE R
Ve pein T TB Hl, R T AETILA NS I 15
WHRIEAZ . FEAB T, BATRR S M R 41
P o BAETIL, FHER IR EY BRI TTE,
(7 B %ot 377 48 RO TILREAT 7 2 R B e o i P AR
ORGSR I ST e TILAR L G e T 7 125 558 Ht i«

1 MR575E%
1.1 BHER4RLRmRAFIAT Rz 4mpR R

B E A BEF AR U B 1 37 6 e 4 23, i Bt
AT I8 10 ) 55 4L 2, SR, iRl 2H 23
[ BS W .  N 48 i Pk Hep G2 #1Bel-7402K H
T E R B A M, SR 10% )06 4 L 1)
RPMI1640%5 75 5 A7 £ 85 7%
1.2 RXFIFLER

X-VIVO-1555 75506 H Lonza /A 7 ; BRI
(PBS). RPMI1640%% 77 ££. CD3 . $ii. CD28H. i
T F Gibco A &; NABRL L H1 7 N 1l 10 i A o0 2
At rIL-200 36 5 DU A 1 25 2 75 B i BTV 23
Ji H Sigma A &) ; Ik L 40 M 43 B B R S 40K
FEEA ] Pt APC5-CD3. PE-CD4. FITC-CDS.
PC7-CD56. FITC-CD25% 7 [ Hi A4 4 H 55 [EBD
Biosciences s F]; L2 Mt & M (lactate dehydrogenase,
LDH) 5700 H € [E Promega A & - 12FL40 B 15
FEIR I B 5 [H Costar A 7], COAH M55 77461 H 55
Forma Scientific/y 7; 5 B 2555 W H H A Olympas
AF].
1.3 XWHE
1.3.1 TIL@mfaeysr & BRI B HT i
Ja e 57 L SUZ I T PBSH, G B J& i, g i
JIRFELH LR, PBSTH P — 3, BY 1 mm’ K/, A
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0.1 pg/mLIKIVEY i JE B (Sigma-Aldrich) i, 37 °C
IKIHA2 ho FHALTE BEJE 100 LA (1) I 75 1ot 38,
FAPBSI P4l 23, WA JEW . AN IEMAE =1 T
20, 1 500 r/minx5 min. F i, MIA1 mLAJPBS
il 4N BT, P bk E A B o s Y AN T
WERRRE RS 0o B0 RS WU J2 57 10 1) 9K 2 4
fil, ZPBSIE PG, #1x105/mLAHK E 2% T510%
ANABZY I i AIrIL-2(2 000 TU/mL)FIX-VIVO-155%
FEIEN, AT 12900k L, 3 mL/AL. B T37°C. 5%
COBEFRM W HEFR, T3~5 dHili— IR

132 TIL@leay3fifey 38 L EAME A0
AR F 1100, K = N7 F30 ng/mLIFHLCD3
P+ 30 ng/mLI1HLCD28 LT Fl 1 x 10°[F] Fh 57 K 1) £
o R IR P i B 1 5 41 J I A% 41 B8 (peripheral
blood mononuclear cell, PBMC)HJE5 7 N . fEE FEfE
FHPBMCH 58 5 751 /£ 180 Gy. M4 1 552K
ANIL-2, FFiA# AL S T2 A R E 94 000 TU/mL,
FCOB TR AT ES S 7R KR FEh ARE2~3 d
e T A SR IR B T2 R 5 97 0, 159%22~25 d
JEWERAE M S I TIL .

133 AXMEAKRNTILY % 2R By HE
FITILAN M, Z91x10°, ZPBST::21K, 200 uLI¥JPBSE:
I, 28 N4 pLoe 6 # FRad 1) B $T ACD3. CD4,
CD8. CD56. CD25J% [A] % %} e 1gG1 1) 5 7e [ Fi A,
VR 5 S IR I 20 min, PBSTRVE2IK, B Ja A
4% 2% T [, T st A B AT A

1.3.4 wmfedsem 1S M TILAH AL Ak 0
T A0 AR, A, FOEEEE30: 1. 10: 1 LA 3EAT
RA, TO6FLE R AR A HEAT BE 2%, [RII 15 B R BRI

FLANER KR AL . FEFRIF 1210918 he HUR & 897
RO 3, R FHLDHAG I 18 77 & Ao M LDHBE T K
o F MG U S I T T SR

2 H#R
2.1 BFETILAYARIMNT 1EIE 1

TEIEAGMT B, B & A W &7 TL-2(2 000 TU/mL)
F110% ABILIE (1) 55 77 e 55 77 )5, MO T 9 2H 24
Ao B TILIS REAE AR SN G B2 3, 4R I8 3
1010780 . 729 ST EL, KHI$ICD3. CD2854it
FR I R A IPBMCHE 9/ 52 4 3k AT s
FtJa, Zid22~25 difIRE 7R, OB i BB O TIL A B
1K 3(1.0~5.5)x10%  FEAHT 7T, TILEIP H £ 50k
219111~572. OB G FITILIY BEIH G LR
22 KEHEBEFETILNS RRE

O 22 W 5L I I TIL, 283 204 20 B 4G 0
I, CD3 4 Ha (1) B A5 28(90.3+9.4)%, CD3+CD4+
40 M )LL) N(24.9£14.1)%, CD3+CD8+4H il [
EE 1 H(56.4+20.2)%, CD3+CD56+41 i ) E 451 Ky
(14.8+12.6)%(#%1). FETILAT #H & 4b 35 tbIL-2:
2 000 TU/mL)f) 5512 d, CD4+CD25+1] H 2 F =&
23.8%. {3 By Bt(IL-2: 4 000 IU/mL), % i #i
CD3. CD28HL 471 Al K i 1) i ¢ 4 34 [{IPBMCAE 9
7 % 4 M 2E AT RS 7R S, 3517 d CD4+CD25+(1)
T 5> F J278.3%, 520 d CD4+CD25+) 1 7 F 2
79.8%, 524 d CD4+CD25+(1) 11 73 F #67.8%(1).
PLCD4+A & BITILY ¥ J5 1 3 4 5, CD3+CD4+:
82.8%; CD3+CD8+: 11.8% ; CD3+CD56+: 1.4%(}&12).
PACD8+4 F TILY 1 J5 1) 3% AL y: CD3+CD4+:

F1 BFHIFFETILAOMEKE . RET B ERLARRE
Table 1 Cell number, rapid expansion and phenotype of tumor-infiltrating lymphocytes (TIL) from

patients with hepatocellular carcinoma (HCC)

o s S H (x10°) IR T A R A U E 4 D)
TIL%i 5 R Cell number (x10°) Cell phenotype (% of final cells)
TIL No. Expansion fold — N P Jpel/a 0l e oS
Initial Final CD3 CD4 CD8 CD56

1 111 9 1000 82.6 34 70.5 41.2
2 375 4 1500 98.9 37.8 56.6 14.5
3 572 7 4000 98.7 16.8 82 22
4 360 15 5400 98.4 18 75.4 5.7
5 200 10 2 000 83.8 28 29.7 14.7
6 500 5.0 2 500 97 413 47.4 9.6
7 196 8.7 1700 88.8 133 61.6 23.9
8 200 6.0 800 74 40.4 27.7 6.9
9 267 7.5 2 000 96 82.8 11.8 1.4
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Fig.1 The percentage of CD4+CD25+ TIL varying with different days and doses of IL-2
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A: the expressions of CD3, CD4, CD8 and CD56 of CD4+ TIL analyzed by flow cytometer; B: cytotoxic activity of CD4+ TIL to target HCC cell line.
CD4+ TIL was incubated with HCC cells Bel-7402 and HepG?2 as indicated for 18 h and used for cytotoxicity by LDH assay.
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Fig.2 Cell phenotype from CD4+ TIL and cytotoxic activity of TIL from a HCC patient to target HCC cell line
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A: the expressions of CD3, CD4, CD8 and CD56 of CD8+ TIL analyzed by flow cytometer; B: cytotoxic activity of CD8+ TIL to target HCC cell line.
CD8+ TIL was incubated with HCC cells BEL-7402 and HepG?2 as indicated for 18 h and used for cytotoxicity by LDH assay.
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Fig.3 Cell phenotype from CD8+ TIL and cytotoxic activity of TIL from a HCC patient to target HCC cell line

37.8%; CD3+CD8+: 56.6%; CD3+CD56+: 14.5%( /4
3).
2.3 BFETILXT HepG2. Bel-74024H Btk HY 3515
ER

K FHLDHRE R0 A il 1% 7724 di¥ 43 73 BACD4+
FNCD8+4 3 1) e TILAE L LG5 2373 410:1, 30:1
IS 6} T 968 48 it Hep G2 A1 Bel- 7402 () % 7 1% P o i &
2. B3R, TILAEEE B 4788 40 i G 505 1) % A
YEF, 1€ LACDA4+ T I TILAH i b, 2% 45 3R #£10:1
RI30: 105 43 51 52.45%- 71.2%(HepG2)H125.3%.
51.54%(Bel-7402); 1fj LACDS8+A T [ TILYH i 7, 4%
155 R AE10:18130: 11 4 5] H21.4%. 78.6%(HepG2)
F16.4%- 15.8%(Bel-7402).

3 g

i 92 952 I P Ik EL 4 LTI ) /2 46 L AKH 5 % B0
(1) X — 28 BAG YU IE T 1 G2 RS20, 4T S
FE MR 2H 23 S 55 21 23 23 BS IR R R 4H . TIL
)22 24 LACD4RMICD8 N 3=, [A i 32 2 A Ttk E2 48
BrE Sy B M TILPUR R VS MR R, 28 i IL-244 A1 855
FRER NS, TILE RS PEnT B 38 0. 78R ZML-2

(RIS, TILAH A w] PRI R 5 H rT R BB 37, P
I8 2 L 80%~90% Ay A T2 ™ .

75 B N OOLEAR I, = i SFIOE (AR
HMRFRARE) RERSCERNE T HEE IR MR
T bk EEL A i %) 7 2, AP 3 P 5 VR T LR Dy b g 7R
HTIL, (H35 7% H I TILGH B $04 28 2 A 583 2 T 1
PRIV H o Topalian5P14 H — A bR 47 19 %, FETIL
[ 8% 77 i F2 ' FX NREP(rapid expansion protocol).
AR 7V AT DU TIL A AR 5530 Y X 3110°~ 10" %5
o H B A FOKT3(anti-CD3)Fifk . IL-2LL &
28 1o A ORI I PR R AL 5 ) R AR A A A e R
AT F . X R AT DA TIL ) 2508 2
IRIETT S, H 1R K 2 500 30 8 6 2R T
(Il PR XA A R4

TEAB T, BATE B P IER IR T — A
RSN KB 4 AR TILIG ik, F B R TIL-2
M. ARETEH, SR RIL-2(6 000 UML)
F AR BENS A SOy B TIL, 15 J2 J5 B2 3EAT Rl 46 (s
A% 1, 00 230 B2 A0 B9 i v 71 B PR T -258 4 ek S 441
FEAR N BITENE . RN, SR L2785 2 3 B CD56+
(5 FEARE S MENK A, T 45 7 M I C D8+ T



VLI 5: T8 e 45 0k L2 4 R TIL ) AR Sh 7 884 B R VAT 5

975

A TS ARGTR D, X AT REAN R T TILAE M ) K A5
FEAF MR R . W R AR PR RIL-200 F &, X
6 5] R AR 15 B — 8 IR . TRATTR A Bk i 5 i
HATEEFRBITIL, R BYRT I & 30 32 22 LLCD3+CD4-+4H
i FICD3+CD8+4H i v =, H i LACDS i i 5 4, &
B ERATT I R 35 7 VE SR AR T 38 2 B S5 R 3 14 B AR T
YRR, TERDIE B RS TS B i, A ikiE
N, JEEE 2H 2R IR 1 () CDS+4H L ) 5 e 5 B T
Ja BIEAR, A EMZ, Flf5 Bk . Rosenberg
LRI, EHECDS+ Té&lﬂ@ﬂu%ﬁp E TILZH i % 45
S O AN The, X e gk R R T AT Y
R B TIL A AR 47 1 Bt e 8 3

N T k25 BE T BT R TILST B IR S 25 B 245 1)
PER, FRATHEAT T 9 3G J5 9 TIL X JFF 96 48 il pk
HepG2. Bel-74021 4 SE5s . 4R B, il =20
EAR AN H R I TILAMY BE % 13 LLCD8+41 il Ay
FITA AR R EY 8, 117 X AR s —
RIS, IESERRA VAN G TR TIL 2 B A 1
IR A P 4

TILE A Bt M8 4F F 2 96 — & 10 ¥E 240 M F
SRS A, BN LAKYN i 2 5 AR AR
PUI IR ORI B, A )T A R R R . 3R
VG WK 7 Bh B Atk 1, i3k — 20 JF B J5k o I o i
ARG TIL gk M G 2 16 7 I R IR B0 0F 78, R 42
A J5 B K B TILEEAT LA IT f&, TETR 2
Rov FERALFI IR, OO A G R R S T IR,

M 9 BT e 588 R AT VR T T BL.
S EHK (References)
1 Zhu AX. Systemic therapy of advanced hepatocellular carci-

noma: How hopeful should we be? Oncologist 2006; 11(7): 790-

10

11

12

800.

Lizée G, Overwijk WW, Radvanyi L, Gao J, Sharma P, Hwu P.
Harnessing the power of the immune system to target cancer.
Annu Rev Med 2013; 64: 71-90.

Schellhammer PF, Chodak G, Whitmore JB, Sims R, Frohlich
MW, Kantoff PW. Lower baseline prostate-specific antigen is as-
sociated with a greater overall survival benefit from sipuleucel-T
in the immunotherapy for prostate adenocarcinoma treatment
(IMPACT) trial. Urology 2013; 81(6): 1297-302.

Halapi E. Oligoclonal T cells in human cancer. Med Oncol 1998;
15(4): 203-11.

Topalian SL, Muul LM, Solomon D, Rosenberg SA. Expansion of
human tumor infiltrating lymphocytes for use in immunotherapy
trials. J Immunol Methods 1987; 102(1): 127-41.

Rosenberg SA, Spiess P, Lafreniere R. A new approach to the
adoptive immunotherapy of cancer with tumor-infiltrating lym-
phocytes. Science 1986; 233(4770): 1318-21.

Chew V, Tow C, Teo M, Wong HL, Chan J, Gehring A, ef al. In-
flammatory tumour microenvironment is associated with superior
survival in hepatocellular carcinoma patients. J Hepatol 2010;
52(3): 370-9.

Gao Q, Qiu SJ, Fan J, Zhou J, Wang XY, Xiao YS, et al. Intra-
tumoral balance of regulatory and cytotoxic T cells is associated
with prognosis of hepatocellular carcinoma after resection. J Clin
Oncol 2007; 25(18): 2586-93.

June CH. Adoptive T cell therapy for cancer in the clinic. J Clin
Invest 2007; 117(6): 1466-76.

TEP, E I J’é‘ W, B DL R MR R IE
L V¥ A A1 4708 W 1 e LR R AE. op A S AR 2% 7 (Bao
Jianzhong, WangYi, Zhan Zhou, Chen Han, Wu Mengchao. Re-
search of cytotoxieity and phenotipic features of tumor-infitrating
lymphocytes from human hepatocarcinoma. Chinese Journal of
Experimental Surgery) 1995; 12(3): 147-8.

Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, Qian F, et al.
Intraepithelial CD8+ tumor-infiltrating lymphocytes and a high
CD8+/regulatory T cell ratio are associated with favorable prog-
nosis in ovarian cancer. Proc Natl Acad Sci USA 2005; 102(51):
18538-43.

Dudley ME, Gross CA, Langhan MM, Garcia MR, Sherry RM,
Yang JC, et al. CD8+ enriched “young” tumor infiltrating lym-
phocytes can mediate regression of metastatic melanoma. Clin
Cancer Res 2010; 16(24): 6122-31.



rpE 40 i AE ) 2% 249 Chinese Journal of Cell Biology 2014, 36(7): 976-982 DOI: 10.11844/cjcb.2014.07.0046

NNREERBFEARRBEMLCPGE S

FEH2RIFRENE

B—%F MmR# HEH Eu#f# ¥R THERT
(FEREERR 22 0 I T AR 55 48 B 2 B AR B AR ) 2 0T 22, PR 400016)

HE H AR F A ACpGL: A 3% & & 2(methyl-CpG binding domain protein 2, MBD2) /£
AANH N BT T N IR 6 R GAMAE, i@ iE KA 52 BF % K € EPCR(Real-time fluorescence quantitative
PCR, qPCR). Western blot#fr %, 7% ZLALE A A F ) R(dO)Fe R ) 5 Ry A F & MBD2#) & A 1
J. qPCRE R R, d0Ed789 /0 R T8 MR LR 8 MBD2 mRNAk &, £d5£d7% 4. MBD2
EahkETE AR E AN LEGPCRE RAR4. MBD2%& @ £ 8d12|d4 B AL TR L. RE
B AR e, FEASEATR R e kX 385%, TR EXTHER., BRED AT AEF, MBD2E
P B R Bk Fe kR dm e b b R RGA, ASEATR R R R A B R EE. AR, B A ESM
MBD2A B R FERBLEAFBR, T 75 MBD2#9 & 3&, BARA T -5 SR RS Fe SR AT &)
PRL#) &L, MBD2AFZ AT ENEG L AR TLTRAL T SR LTAR,

KgEE  FRACPGE A EE 125 /N WAL

The Expression Pattern of Methyl-CpG Binding Domain Protein 2 (MBD2)

in Mouse Endometrium during Preimplantation

Zhou Yiqing, He Junling, Chen Xuemei, Wang Yingxiong, Liu Xueqing, Ding Yubin*
(Laboratory of the Reproductive Biology, School of Public Health and Management,
Chongqing Medical University, Chongqing 400016, China)

Abstract The experiment was aim to explore the expression pattern of Methyl-CpG binding domain
protein 2 (MBD2) during peri-implantation in the mouse endometrium. Expression of MBD2 mRNA and MBD2
protein in the non-pregnant and pregnant mouse endometrium from d0 to d7 was examined by Real-time
fluorescence quantitative PCR (qPCR), Western blot and immunohistochemistry. MBD2 mRNA expressed in uterine
endometrium of the non-pregnant (d0) and pregnant mouse (d1 to d7). MBD2 mRNA increased gradually from d5
to d7. Western blot analysis showed that the protein expression of MBD2 in mouse endometrium had the similar
expression pattern to its mRNA that detected by Real-time fluorescence quantitative PCR. Moreover, from pregnant
dl to d4, MBD2 was expressed in epithelium, glandular cells and stromal cells in the endometrium. On d5 to d7,
MBD?2 was more intensely expressed in stromal cells, especially in the decidual zone. The expression of MBD2 in
the pseudopregnant on d1 and d4 was expressed in epithelium, glandular cells and stromal cells in the endometrium.

But it was significantly lower in the stromal on d5 to d7. Using artificial decidualization and treatment with
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antisense oli-godexynucleotides of MBD2, the expression of MBD2 in the uterus was remarkably inhibited and

the level of decidualization was decreased. These results suggested that MBD2 was involved in modulating the

decidulization of mouse uterine.

Key words MBD2; mouse; decidualization
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Table 1 Primer sequences for qPCR and short interfering RNA (siRNA) sequences for MBD2
519 F3l
Primer Sequence
MBD? forward primer 5'-CCT GGG AAATGC TGT TGA-3'
MBD? reverse primer 5'-CCT TAT TGC TCG GGT GGT-3'

[-actin forward primer
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5-TAG AGG TCT TTA CGG ATG TCA ACG T-3'

5'-GTC GAC TCC AAATGA AGA CTT CAG CTG AGG TTT ACT TCT GAA-3'
5-AGG GTT AGA GAA GGG CTC ACG TGA GCC CTT CTC TAA CCC TGA-3'
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Relative expression of MBD2 mRNA
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*P<0.05, LidOLLAL.
*P<0.05 vs dO group.
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Fig.1 The expression of MBD2 mRNA in mice endometria
during d0~d7 pregnancy analyzed by qPCR
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A: Western blotf JlIMBD2#E (13 i%; B: MBD24E [ ik & #3047
*P<0.05, L5dOELEL .
A: Western blot analysis of MBD2 expression; B: densitometric analysis
of MBD2 protein. *P<0.05 vs dO group.

El3 MBD2E B BB FEARRIE
Fig.3 Expression of MBD2 protein during prei-mplantation
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(400%), F7 =200 pm.

le: luminal epithelium; ge: glandular epithelium; st: troma; em: embryo; PDZ: primary decidual zone; SDZ: secondary decidual zone. Positive cells
appeared in brown. d1” to d8” for the frame out local amplification area (400x). Scale bar=200 pm.
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Fig.2 Immunohistochemisty staining of MBD2 antibody in mice endometrium on different pregnant days
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FEt N BHPEGe B, PdL's pd4's pdS'~pd7' g ITHE H X SR (F) SR8 (400%) 0 b5 JL=200 pm.
Positive cells appeared in brown. pd1’, pd4’, pd5’ to pd7’ for the frame out local amplification area (400%). Scale bar=200 um.
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Fig.4 Immunohistochemistry of MBD2 in mice endometria during pseudopregnancy
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A: immunohistochemisty staining of artificial decidualization mice endometrium by MBD?2 after S-ODN:ss: sense oligodeoxynucleotides; and A-ODNs:
antisense oligodeoxynucleotides. Positive cells appeared in brown. pd8 S-ODNS” and pd8 A-ODNs” for the frame out local amplification area (400%).
Scale bar=200 pum; B: Western blot analysis of MBD2 expression; C: densitometric analysis of MBD2 protein.*P<0.05 vs A-ODNs group.
El5 R XBERBRAKRTIRIIEK T SMBD2RIRIE
Fig.5 MBD2 protein expression suppressed by ODNs

4 1% 17 2 (A-ODNSs) F1% FMBD21E X %% (S-ODNs),
G5 UL 22 S5 R BoR, T8 N RS 40 fMBD2
F ik B IR(KI5A). Western blot4h H & 7, MBD2
A-ODNs it % B4 IMBD2 %35 (&I 5B 5C).

H 4 MBD2 A-ODNs i (19—l - 75 Vi 5 {2 35 B4
{IK(P<0.05), & A Bt s A4, 52 21 B B 4l (Kl 6 A
l7§[6B) Western blotidt — 5 &l 1 i B AL by 7 43 1

W ¥ 2 (prolactin, PRL)I¥) 234 W 2% [ 1K (P<0.05)(1&]

6CHIEI6D).

it
JVR G R N B R B R R AR A
SRR R, R T 2 as A KT T a3
K25, ks & B, DNA AL o] GE4E IR G %
PRI R 75 A RSERSE P AS Ak Hh 48 B B AR
MBD2;EMBDH A F IR 2 —, &—HKEH
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JEe i
©
A-ODNs  S-ODNs
PRL ~ wwwwe= swweed 250 kDa
B-actin  — — 43 kDa
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=}

A-ODNs S-ODNs

A N5 IR/ 1B AMBIE . pd8ay 221 5 5 K A iR FIMBD2 [ LIE SR M 4504 TP IR (A-ODNGs), 41 (Il PBS; pd8b Ay 41 fil]
FEST K AR (IMBD2 11 S 3 4 A% 17 2(S-ODNs), (v S PBS; B: A T T Wil 447 5 A-ODNs—— il #1135 S-ODNs— fil] 1 7 i .
*P<0.05, 5pd8 A-ODNsL#; C: Western blotKrllPRLEE [13%54; D: PRLAE 1415 € #4rH. *P<0.05, 5 A-ODNsLL#% .

A: artificial decidualized uterus. In pd8a, the left horn was injected with MBD2 A-ODNs dissolved in maize oil and the right horn was injected with
PBS. In pd8b, the left horn was injected with PBS and the right horn was injected with MBD2 S-ODNs dissolved in maize oil. ¥ P<0.05 vs pb8 A-ODNs
group; B: the weight of artificial decidualized uterus injected with MBD2 A-ODNs or MBD2 S-ODNs; C: Western blot analysis of PRL expression; D:

densitometric analysis of PRL protein.* P<0.05 vs A-ODNs group.

El6 MBD2Jx X EE it EZEEL(ODNs) /)N F 5 it FE K By 521
Fig.6 The effects of antisense oligo-deoxynucleotide (ODNs) of MBD2 on decidualization in mouse
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Expression of Galectin-7 and MMP-9 in Esophageal Squamous Cell

Carcinoma and It’s Relationship with Early Postoperative Recurrence

He Congwen, Wang Bin*, Xiang Xiaoyong

(Department of Caridiothoracic Surgery, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract

Examined the expressions of Galectin-7 and MMP-9 in esophageal squamous cell carcinoma

(n=50) and noncencerous specimens (2=38) by immunohistochemistry to analyze the relationship between the ex-

pressions of Galectin-7, MMP-9 and the clinicopathological features. The expressions of Galectin-7 and MMP-9

were increased in esophageal squamous cell carcinoma (ESCC). The expressions of Galectin-7 and MMP-9 were

correlated with TNM stages, invasive depths and lymph node metastasis. Positive correlation between Galectin-7

and MMP-9 were found in ESCC. For prognosis of early recurrence and metastasis, the specificity and sensitivity of
combined detection of Galectin-7 and MMP-9 were both higher than detecting Galectin-7 or MMP-9 alone. Galec-

tin-7 and MMP-9 might play an important role in the pathogenesis and progress of ESCC. Combined detection of

Galectin-7 and MMP-9 could be helpful for prognosis of early recurrence and metastasis in ESCC.
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BEBEVII ORI, —HAA230BIR 5 I T H R
o, HA A 10551(45.7%) K AETER G —HF LA .
I, BRI RERER(S1HE)N TBA UG
HEELEPIFEMN, 7L 2 -7(Galectin-7) & Y}
FL K k4R F R (Galectins) ¥ B 03, 75 A [A] 28 A i &
PR AR R v AR A i A o) A R . 3 o <
fiff-9(matrix metalloproteinase-9, MMP-9),& 3£ Jii 4>
J&E AR —Fh, SRERIEEE R R T AR
Fe Al G % A VE AR T B 55 Hh Galectin-7F1
MMP-9R %, RT3 [I3RIE 5 1im R B 2 Hom
TR KR AR

1 MR5RE

1.1 #8
111 ARA WEERERK SR 5 — B ki

AMRF20124E3 A 2201343 A 50061 & & il # A 5 b
AR, TRl S L 381 B S ZH 245 em LA B 1
e Horh B384, Zoth124, %445 ~83%,
V¥ E$60.12 % 35 [ iR XA <3 (American Joint
Committee on Cancer) & & Ji TNMII IR 73 #1(20104:
FrvE): TR, 120050, T 19461; 42355 A0 FE
R 403551, o A 150; £ ik EL 4 55 8 #27
i, T 1301, 1= R AMEE 2361, Toi R X
27, HEBR B A FL A A SR R PR . BT R
AR FTIIARALE FHAST 259 I S e 3o 259, s R
B, 3N H E SR RCT. £ 985 245, 3k
FRCT. MBS LA E R T K. K
JESR24E, Y ER A IR, BE BV E112~241
H, P 116,540 H o

1.12 XA Y470 N\ Galectin-77 F % 7o, B LA
RPILAMMP-9%E 1 £ 7 [Z JriA I B Proteintech A
Ao P FEHTRSABCIRFI & L DABYL to il 7 &
e R LR AR

1.2 75

1.2.1 REARMAF R AACK &R
24 K E & V) i(strept avidin-biotin complex,
SABC), %&$i AGalectin-7— 31 HHi AMMP-9—4i
7 LL1:200 b 451 B B8, PBSAR B — P AE N 9 14 X6t &
{8 FImagePro Plus# {1 M 2 S e Ak et 45 R, %
F = 90vh 7332 FH 40 i $0<5% 9077, 5%~20%K
153, 20%~50% 25, 51%~75% K355, >75% N4%y;
FHPESREE: ¥R ¥ N1, BREE 24y, FRde 3

gy, NEBIN0Gr . 5> BB N, <353 NI,
=353 NBH M. [F i FImagePro Plus#X {4 45
TIMMP-9F1Galectin-7 35 %5 FEAH, &5k ) A Il
HUHUSAN o 35 B AL, 4GB AN LT T BH 14 40 i 1)~
B A

122 %itEao4r  RFISPSS 17.040H -5t 4
PEHEAT A T AL B, B A FRIA LR RO K6, o X 9%
B A 5% 1 43 1 SR Pl Pearsonf 86 . ~F- 34156 %5 B {1l
DAIA B o 22 320, 2L TR) B IRR FH e 56, AR DGk
K Spearman i S 1 43 M o X612 I 5 12 F S W 4
ROCHIZE AT . HILAP<0.05NZERA Giit 267 .

2 #£ER
2.1 Galectin-7FAMMP-97E & & i fE A 40 N i 5=
RO R

G HAL 45 5B 5K, Galectin-7PH et R I A
R OB RER AR, AL T . MMP-9FH 1%
Gett R IR T8 0 B AFAE CURL, 2 07 T M 3% Je 1A)
(F1A1E2). &% ik 4 2 Galectin-7. MMP-9%
PR T S AL, 2R SR X(EED.
Galectin-7. MMP-97E & & @ Je 28 24rb (1) °F ) )6 %
FEAE S5 55 HE R PP OB B Z R A R R
X (F2).
2.2 BEHEALPGalectin-7AIMMP-9R R IA
SleRFESHNXR

B BHE T, Galectin-72 1A PHPE R AE G bk 45
B RS 99 9 R W S v I I B 45 B B 0 91 (P =6.269,
P=0.012) {EIITHH 1) 4 234 FH M 2 B & T
W% 1911 (;=15.787, P=0.000), 7E 12 Kz &I I 1995 451 v
FOB PHE R U | T AR AR B A R B (°=16.689,
P=0.000). 1 H.MMP-97£ F itk I 45 %% #% 95 5] BH 14
TR T IO RS A9 1 (°=4.836, P=0.028).
FEIIY 955 51 Hh BH 4 35 0 26 BF S5 s T T/11800 975 431
((*=16.486, P=0000). £ 1% 5 4437 51 = (¥ PH M 2%
ERET BRI (4=5.357, P=0.021), 1] & &
IR SR 2 R TEH M (P>0.05, %K3).
ST ZEBP I R B EE S IR AR S N KR,
WA BT — B4 R (KD
2.3 Galectin-7F1IMMP-93RiA HYHE % 14 43 #7

X} Galectin-7 FIMMP-91#] & 1A 1 17 1) 5 X £
73 BT (Pearsonk Bk V£ 70 BT), 45 B 52 5 3% IEAH e
(=1.000, P=0.000)(%5). *FMMP-9#1Galectin-7%%
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. : B S Zaar R 3 IR o |
A: Galectin-77EMi% /3 b B & 0 1 1304 B: Galectin-77E H /b & & 38 1 1132 0A; C: Galectin-77E 2y /b & B i3 7 11314, D: Galectin-77F
Yo HAVR I RIE . B Sk BT R 35 630 23 9 BH P IX 45k

A: expression of Galectin-7 in poor differentiated ESCC; B: expression of Galectin-7 in moderate differentiated ESCC; C: expression of Galectin-7 in

L3

well differentiated ESCC; D: expression of Galectin-7 in noncancerous specimens. Positive areas were indicated by arrows in pictures.
E1 Galectin-7ZE RE B SRFHATHIRIL

Fig.1 Expression of Galectin-7 in ESCC and noncancerous specimens

A: MMP-9EAIRS A0 & B B 142345 B: MMP-97E 1 /(K & B Bl 7 (13214 C: MMP-97E i /016 & B B P (113214 D: MMP-94E ST 55 4121
L . Rl Sk TR B P X A

A: expression of MMP-9 in poor differentiated ESCC; B: expression of MMP-9 in moderate differentiated ESCC; C: expression of MMP-9 in well dif-
ferentiated ESCC; D: expression of MMP-9 in noncancerous specimens. Positive areas were indicated by arrows in pictures.

E 2 MMP-9TEREBEREFAATNRIE

Fig.2 Expression of MMP-9 in ESCC and noncancerous specimens

1 RESRAL REEE AL Galectin-7AIMMP-9%E B RIAH AV EL IR

Table 1 Comparison of Galectin-7 and MMP-9 expressions between noncancerous specimens and ESCC

HYIHA % Galectin-7R11k E PiE MMP-9PH 1 Pa! PiE
Tissue type n Galectin-7 positive  y* value P value MMP-9 positive ~ y* value P value
Noncancerous SpCCianS 38 2 33.250 0.000 4 25.539 0.000
ESCC specimens 50 33 32%

#P<0.01, 553 H 4

*P<0.01 vs noncancerous specimens.

x2 AEHEELAREEENGalectin-THIMMP-9F 14 2 B {E R EL 47
Table 2 Comparison of the MOD of Galectin-7 and MMP-9 expressions between noncancerous specimens and ESCC
HPPM ZEY Galectin-7FI e EH  E PlE MMP-O BB ol Pl
Tissue type n MOD of Galectin-7 (x+s) ¢ value MOD of MMP-9 (¥£s) fvalue P value
0.013 7+0.096 7 10430  0.000 0.014 3+0.011 0 9.448 0.000
0.150 6+0.0921 6 0.137 5+0.091 0

P value

Noncancerous specimens 38

ESCC specimens 50

3K 13T 340 96 % B A 3E AT Spearman il % 14 43 #r, 45 R
(r=0.430, P=0.002) 5 PearsonFc B 0 #r — 3, — &
Fik BIETEM S,
24 REBEALPEKEHKNGalectin-7FIMMP-9
MNRERFHE ZEHBHITUNIER

50%0 &, 9B 5 HILE kR, bR

RAEFF RS20, R PRI RS, BIR A E %2
i, Rk A 5 #3401, 2R R F2 1401, W&
4 R6M . HrhDHos, A3, HHof . 1245
RIFERBRILT ARG —FLULACEE~12H), PR
AR DN E510.25 H, Bk i s — RBE T H (2014-04-
02), CA7H BF LT, 1961 5 K # B ¥ Galec-
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£3 AEYHEALPGalectin-7THIMMP-IRFTIASIERRIES MM X R
Table 3 Relationship of Galectin-7 and MMP-9 expressions with clinical pathological parameters in ESCC

Pk 5 8 g odenT i Pl VIMP9 A Pl

Clinical parameter n F fi s . X value P value i E Btk . x value P value
Positive Negative Positive Negative

TNM stage

v 31 14 17 15.787 0.000 13 18 16.486 0.000

11 19 19 0 19 0

Invasive depths

T3/T4 23 22 1 16.689 0.000 22 1 18.521 0.000

T1/T2 27 11 16 10 17

Lymph node metastasis

No 27 22 5 6.269 0.012 21 6 4.836 0.028

Ni. 23 11 12 11 12

Differentiation

Low/medium 35 24 11 0.235 0.558 26 9 5.357 0.021

High 15 9 6 6

F4 AEYHEALPGalectin-7THIMMP-9F ¥R B EESIERRES MM X R
Table 4 Relationship of the MOD of Galectin-7 and MMP-9 with clinical pathological parameters in ESCC

I AR5 2 2 54 1511 % Galectin-7"FH) 63 (xvts)  HfE PiY MMP-9 Y563 B (ks)  tfE PIY
Clinical parameter n MOD of Galectin-7 (¥+s) tvalue P value MOD of MMP-9 (x+s) tvalue P value
TNM stage

sl 31 0.112 60+0.092 11 4.986 0.000 0.097+0.086 5.378 0.000
1T 19 0.212 6+0.049 4 0.203 6£0.054 0

Invasive depths
T3/T4 23 0.194 5+0.070 8 3.217 0.002 0.195 1+0.062 3 4.933 0.000
T1/T2 27 0.118 3+0.096 0 0.091 340.086 0

Lymph node metastasis

No 27 0.176 40+0.085 28 2.234 0.030 0.176 40.085 2 2.234 0.030
Ni. 23 0.091 3+0.924 4 0.120 2+0.924 4

Differentiation

Low/medium 35 0.156 9+0.090 3 1.708 0.094 0.166 3+0.080 5 4.048 0.000
High 15 0.107 9£0.100 7 0.068 6+0.076 6

%5 BEHEALTGalectin-7TFIMMP-9FRIAHIHE %14
Table 5 Expression correlation of Galectin-7 and MMP-9 in ESCC

MMP-9[#) £ ik )
Galectin-7 131 Gl (E PIE
" i . Expression of MMP-9 A 4
Expression of Galectin-7 Total r value P value
+ _
+ 26 7 33
B 6 11 17 1 0.000
Total 32 18 50

tin-7RIMMP-OK X I BA P, BAFAVE B ROOUAMER 55 5 ¥ N71%; MMP-9I R 18 1294.7%, 5 57 5 N
HHR B E R, FKGalectin-7HIMMP-9[{] - 77.4%; Bk £ MMP-9M1Galectin-7 ] R £ 5 N94.7%,
BPOUE BEEAE MO TN AR 5 B S K IR, 8 R 5 B 996.8%, 1t B K & & MIIMMP-9# Galectin-7
IROCHN £ 7 (K3), Galectin-7/1) R % 589.5%, X TS AL MIMMP-98{Galectin-74 5 & (1112 Wi 4y
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{H(FR6AE3).,

3 e

Galectin-7/2& — FB- A& 6 & A, £ 2
ol 25 BY 1 i 8 R A7 AE A O SR IA, B AE AN R iR
HIER A 2 5, 2B e R 12 i,
Galectin-75 i 8 IR % B A 5 % U1 o2 R,
Cada®5 0@ 1 e A/ AT 2 B2 1R AW b B 1)
1E 5 2H 2R IR 41 i e 2H 21 b Galectin- 71 3R I8, &5
BRI, £ FH 4 2R F Galectin-73% 1k Gt 4%, 1M g 41
LA RIE T T B MR s R 43 JHAH G . Saussez
SN 2 2 A T VA 1TV T A G e 2H 2
W Galectin-7 [ R IATE I, 45 KR, 76 T W 55 b
Galectin-7 ] =12 15 15 1 MR e 1 PR A2 R 3 K
ZhuSE MU B A B 5 20 2 0 B 1 e 2H 2R
IEHEEHL N ERREEAD G KI, Galectin-7/2
T ZARIE FRMEAZ —. 1iShugoF "0 7 K
B, ¥ G T Galectin-7H] 45 i JE DLD-1V 40 I R ) 42
FZHR R 1M R . ABEFUIESE T Galectin-7/E
B e R PR VR IE, R 5 A 2R
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&3 N Galectin-7. MMP-95EX &4 Galectin-7.
MMP-9FMA 5 R HAE & ¥ HHIROCHIZL 53
Fig.3 The ROC curve for separate detections of Galectin-7,
MMP-9 and combine detection of Galectin-7 and MMP-9
for predicting the recurrence and metastasis of ESCC

*R6 BN Galectin-7, MMP-95 8% & #: Galectin-7. MMP-931 FiUll & B R RFHIS L 558
ROCHZ 45 R
Table 6 The result of ROC analysis for separate detections of Galectin-7. MMP-9 and combine detection of
Galectin-7 and MMP-9 at predicting the recurrence and metastasis of ESCC

oRUIE =R Hh 2 T T A TR RIBJE A
Detect biomarker AUC Cut-off point sensitivity specificity
MMP-9 0.865 0.162 89.5% 71.0%
Galectin-7 0.889 0.138 94.7% 77.4%
Galectin-7+MMP-9 0.965 0.292 94.7% 96.8%

5. 1 HGalectin-77E A ik B2 45 5 % 35 1) &8 & %2
HAFHIRIES T RERE, REAEEIMEEET
K& EEIMEE, TEE S TLHIE, 2738
HHit 5= X (P<0.05). FRATE IS 53 #T Galectin-75£
IEPE R AR S B SR IR R S R
WA H T — S8, XER W, Galectin-75 &4 fif
FIRZE. R, BBEAEEVINRR.

KEWF R, SR E O BEMMPs) X g
HIMR BRI E EAE ] . MMP-97E 3 i 48 B 5K itk
W JE T B B SS, SEMMPsF I 4 F B i K
Filf. KEHFIT RN, MMP-97E 22 Fib S Jir g o i i
Ik SORILE MR R A R RA EEVIN R R

SuzukiZEMI7E R FH ElisaiZ A I 1 DY F4 4= 2% g 71 AN )
()6 & s AR I 5 SRV h R T & B R A I R IA S
R, VU Fh &k 5 22 IAMMP-9. MMP-2, {H {7
MMP-9 ] 1A 1 5 £ 5 4 B Pk 11012 28 58 J1 M 2K,
Wi BAMMP-97E £ B 112 28 i 7 vh ] B k4435 T
FEEMER, A A RO ILEIR SR . A
Ft R I, MMP-97E {3 & i i 2H 23 o R 3K PE M 2 5
S AU L3 22 5(P<0.01), 7T R8-S5 4 i B B2 0 ik
BARHEMMP-9 A6 <. T AMIIR i B PR R IA %
BE ST RAMNERIEE, AkEg R E s T ok
&5 47 3 (P<0.05), HULUCEH, MMP-9[1)#RIA 7t
Al g2 BB RIR IR R LS S — IR,
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SEUSIPE R B 5 2H A 4G DU 0k o 4H 21
H1Galectin-7 X MMP-9 ] % ik B & i, Galectin-75
MMP-97E Wi Ji 2 23 FR A7 AR i Rk, JFH = # 1)
Tk BIEAHR, X — RILEER W UR &R =R T
MMP-9[JRIEG BIEMIE FIEH . TEARRE T, 50
151 45 figh 92 25 23 Fh Galectin-7AIMMP-9 ) 3 1A B &
Z 1EAHS%, X Ui B Galectin-7 HIMMP-97E £ & i o
(1) R A R e v AR A B AR FH . PARKEEUSIF 72 &
I, fEHeLa' & £ 41 f b %% YeGalectin-7 )5, F Y4
MMP-9 ) 1A 55 25 #4138 3 T i, A MAPKGE
B H P38 2 T, 1 W Galectin-73# i MAPK
P38 E (i HEMMP-9[¥) % 1A . Zheng ! M K& IIL, 1E
TE G RILIPIS A EH L ERIE, A aE
i ges; (P MR B A P A R .

TEARWF T, @A MMMP-95 Galectin-7[1) %
ik, T B RBEEERGEREREBTILR,
AT R PR A K IMMP-9 A1 Galectin-7 X} 1 i il £
B NS R BRI R R R,
It B AT B IMMP-9 Fl Galectin-7, 5t B 46
MIMMP-9F1 Galectin-7 ] 1 >y Tl Il & 5 % s 5 1A &2
KR Fa R, FF H. E BAS IMMP-9 & Galectin-7
FHZ W .

AWFFRI, 75 &% W%+ Galectin-7HIMMP-9

SaussezZ%:

HEAFAEIEA S, H I 5 e e # B D0 A oK,
$eon —H T REAAAE SR A TR &R, SRR T R

% Jess 1) AR D 22 AT Ao ﬂ%é‘*ﬁ‘uﬂHGalectin-ﬁnMMP-9
AT EESE R IHE RERTIN. {HGalec-
tin-7/2 75 @ I MAPK p38(5 5@ S 5 & & W b
MMP-95 & R, Rk — 080T
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£ OFT B A & v Al Kid

Abnt B e =%, Akt 100730)

WE SRR AR A M TR B IR 2 40 2 B AT B0 (ATP-TCA) £ 97 £
T B HACTT PO R . AR R IRS8) I S b R M R R 820 42 4T ATP-TCAMR S| 25 80X 36, - AH745 R .
L AARALTT B, F 5 ASHIRT BB B A HAT 16 R IIA RCR M e, R BT, 4RI
BRI BB R 5B 09 3 25 A R A BE(51.9%), SR IR BIRK A B AL BE>T 40> 40> & B iR>45
AR>S % B RS IRIC IO TSI BT R B &, IO 2 7 EHR AR R 23, ki B4
& PR T HAA 2F(85.23%) % T 3 FE(68.75%). ATP-TCAZ —FFA 249 L5 24 M HR AT 28, 7T
9P R Iz & e AL ST RAEAMRAL A 38 57 K.

KRIE UK BN b M, ATP-TCA; MAIRYT

Analysis Results of ATP-Tumor Chemosensitivity Assay
In Vitro of 88 Cases of Epithelial Ovarian Cancer

Cui Ying*, Zhou Dan, Li Ye, Shen Guihua, Zhang Siyou
(Department of Obstetrics and Gynecology, Beijing Hospital, Beijing 100730, China)

Abstract  In this research, we demonstrated the feasibility of ovarian cancer patients in clinical individual-

ized chemotherapy using ATP-tumor chemosensitivity assay (ATP-TCA) in vitro. We examined the heterogeneity

of chemosensitivity in ovarian cancer specimens (#=88) using an ex vivo ATP-TCA. The short-term effectiveness

of chemotherapy was compared between ATP group and control group. We found that the most active single agent

tested was paclitaxel, to which 51.9% of samples were sensitive. The order of the sensitivity is paclitaxel > carbo-

platin > cisplatin > gemcitabine > topotecan > docetaxel > etoposide > cyclophosphamide > bleomycin. Combina-

tions of agents showed more strong sensitivity cases. The short-term effectiveness rates in ATP group (85.23%) and

control group (68.75%) were significantly different. Chemosensitivity testing may provide a practical method of

testing new regimens before clinical trials in ovarian cancer patients.
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ZEM AT . BRI VR MR A 22 U A
M (ATP-tumor chemosensitivity assay, ATP-TCA)i% &
FATHEARB RS E « G AR I EE . AR R 1) 24
BN E VL o RSO —4F 22 R e 88151 U1 5L I Je 1%
I ATP-TC A ARAT AT T 25 W sk P A DN 11 25 R ik
AT 03 A, TR T O LR B e RAMAR A AR ST 1)
AT, DU AT AL, B mIfEH] .

1 MRERZE
1.1 FRAKIR

WEFE % 0 b 5T EE BE20134FE1 H~20144E2 H i
BIAT T ARG I EUR O S R R f8 3, fR 4 &
R A B ML A3 R 2 R A (8845 B k) 2 (48
Bil)(F1). ZyfEd188H, A b B HUGHT L PR 4L SR
ATP-TCABAATAI T 27D RUBAEAS I, %) e 2H 48451,

F1 BEEH

Table 1 The basic information of the patients

733
el 1% SRR (X)) .
Stage grouping
Groups Number of cases ~ Average age (years)
Stage [ Stage 11 Stage I1I Stage IV
ATP group 88 49.6 16 48 18
Control group 48 50.3 9 21 14

RAT IV BUBMERTI o T F 5 1) 2299 BEAIE 55 Y
Hi b J g
1.2 RFI5IEE

ATPAEW) 56988 245 4y R P AG X 77 62 0 1
BN CAED R A IR A .
1.3 iz

RAZBEPTX, BAFE LS E A, it
G00084). JIE1(DDP, {1755 £k 2 MV e A7 B 2 7,
L5 111103). RHI(CBP, = KH I 280 51 % A
H], #ib5: 2G01278) FHIHAFFR(TPT, K&K Y
FeAR AR A], b5 20111001). 75 P4 At 5 (GEM,
ALk A H, S A812353C). MK FE Y H(VP-
16, VL7565 B= 25 )B4 A3 BR A W), k50 12010331),
2 P FE(TXT, VL 18 5 B 25 It A1 FR A W], 415
H20020543). 18 k% Z(BLM, HAL 25k &4,
b5 Y20262) FREEELIAA N ENAI(4-HC, ISR
TORONTO , fit5: 3-IBZ-104-1).
1.4 RERE

T ERESE T
141 AFARBIE  CREHTEESR SR 4 SR A B A,
SPUAEREIE . HAGBE AL, 37 °CHFE2 h, IHL5E
BB, TR 05~8 min, 1200 H 4 i 57 i 3 A 2y
i (V) IR AR, 45 21 0 R, BEAT 4 2 25 TR
142 B&EFNLIT Y SHBIZRE U
Y 2 b 1R A0 T 25 W) I 2R 04 (B YK BE (peak plasma
concentration, PPC), 15 & 5/ 254X i B (test drug

concentration, TDC): 0%, 100%, 50.0%, 25.0%, 12.5%
PPC. REATDCHR2ANFATXFL, BTH3K. Kt
B8 L AT BUH T MOGER ik 77 24 1 4 i) A
25 (A FLCR M40 )5 FE IR . 100% 35256 25 IR ik
FERLE W2,
1.43 RPBmpeARyEEAR UG, Hie e
g 5, B IEACE T37 °C. 5% CO,. 12 E>95%
MBS FRFE R TR, KR 22505 diNF BRI AT HEAT ATPAG I o
144 HFEHAT  ATPIIFERUS AT Z A, 24
HIATPHRUE M2, 56 B B AL 51 73 B o
1.5 NS RHE

PS5 UK AR LUR DY R g AT 7328 R
B 1Co0<<100% TDCHIIC5<25% TDC; " & £
J&: 1Co0>100% TDCHIICs,<25% TDC; % & i Jik:

F2 FHZ5Y100% TDCEL & *
Table 2 The 100% TDC of the drugs

N 100% TDC (pg/mL)
Anticancer drugs 100% TDC (pg/mL)
PTX 13.8

DDP 6.3

CBP 25

TPT 0.14

GEM 25

VP-16 20

TXT 10

BLM 0.6

4-HC 1




AP 884 B LI iz MR A T ATP-TC AR AN 25306 45 SR/ #r 991

1C9<<100% TDCHIICs:>25% TDC; Tif 24: 1Co>100%
TDCAHIICs¢>25% TDC. FH, ICo0 A i 90% /188 4
it A K R o B DA K B (PPC), B A 52 565 v 1 ik
I L (TDC), 1Cso k31 50% I J87 241 it A= K 1 11
AL VA AR FE
1.6 & ARIE 7 RUTE M

I PR 3T 3997 24 2 2 % Rustin 5P VF A br
e YRIT ET LR LS CAL125 73 T i i, AR5
CAIL25%: 910 58 e (CR); FREAR>50% A 573 2% fi#
(PR); B#AE<50%m 1 = <25% A £ € (SD); B 13>25%
it JE(PD).
1.7 SitZE5Hh

K HISPSS 13.048 v 4k A4 25T = J5 7341, P<0.05
N ZE R BA R

2 H#R
2.1 ATP-TCAZLDUNEEFRATEMN

8841 N 51 i e AL bR A, 5461 DR AL 5 4l e
Him D IVERT I, 30 PRUbR AR V5 e oA i, FEaR
8011 24 )i AI| 52 % ATP-TCAZ 8K I, v $FA 3 4y
90.91%(80/88).
22 FIE-HMKFE

TH L 1491 B L9 bR AS ATP-TCA 45 S 43 Hi biosis 24
P15 B th 26 (1), BT BUE H, AN R 254 % )
Tofr 245 49 A [ Ak 56 %o 19 SR8 40 e ) 90 sl S A [l e
CUF H P25 RN 200t O SR 40 PR bl 2 1) 22 5
6 2k 25880 2%

100 T
g \\o\
~ 801
=}
R=] ——PTX
2 604
£ - GEM
= DDP
z 407 CBP
5h — TXT
‘g 204 —e—4-HC
e — ” C —+— PTX+DDP
0 — — —= GEM+TXT
200 100 50 25 12.5 (%)

Test drug concentration (%)
Bl EAYMARZYIRE T X145 00 £ =400
100551 2R ) 571 -3 R i 2
Fig.1 The dose-effect curve of the inhibition of the
anticancer drugs to the cancer cells of one case

2.3 IREEMBEN KA RIS E

et 40 LGS 5 T 24 0 1 BBURK B % AT AN TR,
PILERA 2 BN SS9 U BAZ B> R >
B> VU AR>S $0 18 > 22 DU A S IR FE 90 > 201
T > TR 87 25, 64 FH 24 U7 S5 S0k v s o 2 38
(F3). OGP HEAN M H AT IR o R AR &
I E1(PTX+DDP) J5 2 MUK i 8 5, 5 PTX. DDPHL
24 [ RBUBR AR b B AT 835 1 2 5 (°=17.72, P<0.01),
ORI FH 25 RAF I 259 B IR0
2.4 lAKRIEEATT SOED

8811 24y i £ A S5 MR A 24 ARG 45 SRk Pk
7 291, 48510 BB AR IR R & 56 24, Va7 e
BIVN T (R 4) . 584 B oy ZE AR (CRAPR) M e IR
BIT AR R AL A IRIR BT A ROR . 254

=3 12F0CER)HUEZS I X801 0P S iE BE RN EIFNR

Table 3 The chemosensitivity of the ovarian cancer of 80 cases to 12 groups of anti-cancer drugs in vitro

R i} 25

Lightly sensitive cases Resistant cases

24) kS UK

Drugs Number of cases Sensitive cases
PTX 79 41(51.90%)
DDP 16 4(25.00%)
CBP 62 17(27.42%)
TPT 78 14(17.95%)
GEM 79 15(18.99%)
VP-16 72 5(6.94%)
TXT 69 10(14.49%)
4-HC 57 2(3.51%)
BLM 52 0(0%)
PTX+DDP 41 30(73.17%)
GEM+TXT 39 13(33.33%)
TPT+VP-16 39 13(33.33%)

34(43.04%)
5(31.25%)

4(5.06%)
7(43.75%)

29(46.77%) 16(25.81%)
31(39.74%) 33(42.31%)
24(30.38%) 40(50.63%)
8(11.11%) 59(81.94%)
26(37.68%) 33(47.83%)
22(38.60%) 33(57.89%)
3(5.77%) 49(94.23%)
5(12.19%) 6(14.63%)
18(46.15%) 8(20.51%)
26(66.67%) 0(0%)
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Table 4 The clinical efficacy of the treatment

el CRGM WA e R
Groups CR PR SD PD
ATP group (cases) 61 14 10 3
Control group (cases) 23 10 11 4

I A V6 97 A5 205 185.23%, Xof A A5 0% 4 68.75%,
PR G X (2=5.158, P<0.05), i W H 95 25k
IRV YT 7 SR T S G IR A RE

3 it

ATP-TCA I I8 14 41 245 Ok I 57 AR U A= T-201H:
270 G . 19834F, MoyerZ5 P H i i 461
TR VR T (ATP) 1 505 mT LA Jse AT 3 40 i ) vi%
. 19884, SevinZF B ATPA: W 1) %¢ Y A I 157 A
I FH T 51 B, HEAT MR A0 O S 119 245 9 OB A I
S . ATP-TCAMIR A A1 24 SR I-B A PRSI Jir 2
& PR ATP AR 35 R 1) 41 i B R U5 1 23 A 12,
FENAET . 4R 24T, AT K iR . DA,
FATT AT DL TS U 40 P P P AT PR 5 1K R B
A0 AR AR B P . ATPEEARSCREVE T T, AT
DLFIAH G 1) 9 6 2 45 &, IR0 3K 562 nmit)
Do KD CHRE, kil i ATP i, BEi & Y
AN A e A BRE i A A 2R R — B[]
Ja, W LATPI) &, JF 5o N2 0 B4 AL,
TS AT 29810 5> R G BE B IR 40 M (A
) PR ) 23, 2 ORI () 0 BT i b DAL 40 27 ¥
IT 23PN I8 A0 M P R A3 R E o X T AR e B
JE, FUTE S0 G Ml BRI B A 98G5 B I S, T
THATPRIES, i H, 24 ATP &5 410°~10"2 mol/L
IS, 3% 40 B (R 6 B A 55 ATP & AR 5 3 2 TR 474
R R DG R, AR BRI o T2, ATP-TCAE
AP 2 5, ATESERT A 2 0490.91%, 5 REAEIF 5T
LG, B FMTTIRDY M 0 s Wik 75 VAl 4N
W3 73 7 T, ATP-TCAR MV bb 3k 35 G B2 7 B 1 sk
B FIMT T B A 5 vy IR AU AR e B2

280 AR, B SAZ IR W I RN, £
WEEREN T 90 8 E R s i — 2k yy . Hir, E B
177 B B (FIGO) A 5 K L5A i E I (NCCN)
285 [ BRSO LA S 22 B A B Ao il 5 1R e R
FEIZ R TR T, — BRI R B SR (TP) IS 7
SN G E R VSR bR e — AT S BRI,

B2 PR B R R ASIE, SLUCN RS, H ARG
B N FH B SRR 18 o DA AR A 2 B ST 5 A IR 52,
BAZBEC G B2 I R 1 B0 S0 1Y — 2ty 7 &6
H AT, SRR R A T VA 7 OF S e Ty
%, I C) T N S BN SR R I e 4 R R I
BRI BT, BARIEIT S 60%~70%
(1) B SRAF I R 78 > 2, (R AR 30%~40% (1) &%
ATh A T g e A 2 Mok i, TS AR 200, JR IR A
Horp 8y B R . HIRIR 2 R . AR
i, RS IEIEG F T 25 % 9 18.18% 0 ANRIANMA 1)
A P AR R B 7E I AT IR AR AR S 30 BRI i e v At
B FruehaufS" Ak, TEARSMNE T 5l B I 259
YERIREE, BB bR AU SR L4 8 58 AT 29 13, B4
A A DT g T 88 i A AN LRI (R ) R ) 25 1 O, R
A RE S BUARYT R, B IE A A 25 BaR 50 FUN G
I R HERA M B v T SR B A TN O S R )
SASIE . BT BB, T ] A R S i 2 R
G FAS DB (RIS S b s K (R AT Rl S8 % 8 35
IR, U BT IR T I, AR ke, BT
SO I 59491 i A 1 BN SRR (%) TG R AR A I ]
FLEAEAF I [] (9 43 B W, R Ah 2500 A2 B
BAZS U2 S5 3 1A L TGI8 2B AT BN ) N A AR A7 I )
264 FIFI39AN H, S8R 2R B 2 45 i
BT 25 41 553 (0 Jo 3t e AR A7 I TR) (Lo D ALE A=
171254 H) & 3 4E K(P<0.01). X it B, ATP-
TCAKLI A AT AT 22 i A0 7 & It Uk, [
] ] DL A B A3 U P 2 2 L 1)
Je BRI —FF, 2 A 280 T BN S50 s R TS
(R N 2% . AU, 298502 i R Ja AR 25
R &5 FIEPEALIT 259, kG B T AR AR B0 T 24 25
W, WK S T RF I 7 3%, SARIR 50 2y
1) 50F R AT L R A7 R0 22 e Ttk i AR A 24
YGRS IRVA T 7 R IE B R4 S1EM
TR SR PR R 5L b R e, T
AR, HIEFRUERST 7 Z IR S %, IR A
A EERHE I 2T T R A S E e AR
AR 2T I AR . iR R, 2
VG At 8 A4 A1 2 M 56 RO B2 10 20%, AR ZE R IR
Ko EHALLI M ZY, 7T GEH IS T TCRL, 1 H2x
AT R RN BRARAE VG R BEINYR YT 2 A )
Mo AWEFEH, KT . IRBEBEG . 1ok EE Rk
AN AR IR E B T 10%, LR 25N 2 50k



AP 884 B LI iz MR AT ATP-TC AR AN 25806 45 S/ #r

993

$194.23%, WPRANE 5 AN o (EARS 280
e RERBURR 1) 2B 5 P 24 P08 InAURRP: o i A
MG, IIELIE W RO A Ja M TPCEAZ I R
BN 7 ZEAMCBPCABEIL L . ROk EE . R/
B IT A — AT AL R, HBEARAR A 34
TIRAEAFR . 3N AR B Ct ReA A 34
PEAE O T RUICTR B A7 50 B, PO AL R L 38 O Wk 1
Z25¢, Y] EARHM ] 2RI, (RIS T 25l 4
A RCR . BRI AR SR AT ORI [T, 2 1
IR IR, BT LA PR ATS 238 5 B0 AN [R] i
BHURPE R 25 . DA P 51 W 45 i TR
R P 2 58 A A S B TSR A AT LR A, AT A
BB AR R SR R 2 A RIS T 2506
A UES R &

A7 76 51 5L b R RS I ER IR T AT A
HCEAT, FERSZAH RS 5 36T AR, 4
AT =R BB A bR T SR )T IR AR PR
do YT RV A A i A S A AT RS (1 57
JoE P BT IR X 2 b BT R 2 R R P 2 5
SRR PUIRE 2RI I R 2 B Al o BOE H N T
PRI ST I, A7 R W2 Ry e . AT, IE
FEIG ST R B JRE Ak R SR B, O b P ™ L 1 il e
11 AR M T )T 28 B0 I A X AR L, SR
ATP-TCAVLIEAT RSN 25U RS, AT T 24
Yol ik, REAT AR ST R W AT I HAL 2 o
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Abstract

lular carcinoma (HCC), the incidence of familial aggregation tendency is also obvious, and studies have shown that the

Many studies have shown that the incidence of cancer and heredity are closely related. For hepatocel-

people having a positive family history of HCC suffered from HCC far more than the chance of the negative ones, but the
mechanism of HCC clusters of disease has not been fully explained. This paper reviewed the published papers about the
familial aggregation of HCC to provide a theoretical basis for the research of the incidence of HCC.

Key words hepatocellular carcinoma; familial aggregation; molecular genetics
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Table 1 Molecular variation associated with
familial aggregation of HCC
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13q [19]
16p [20]
16q [20]
17p [19-20]
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The Structure and Functions of Small Rho GTPase Associated Kinases

Yan Huijuan, Wunier, Morigen, Fan Lifei*
(School of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract Small Rho GTPase protein family is a member of the Ras superfamily. The human Rho family of
small GTPase is comprised of 20 members, of which RhoA, Racl and Cdc42 are best-studied. Small Rho GTPases are
involved in many important biological processes, such as cell cytoskeleton regulation, cell migration, cell proliferation
and cell cycle regulation. The downstream effectors (PAK, ROCK, PKN and MRCK) of small Rho GTPases play
indispensible roles during the regulation of these biological processes. PAK regulates actin cytoskeleton dynamics and
cell movement, and aslo is involved in MAPK mediated transcription, apoptosis and cell cycle progression; ROCK ind-
uces actin stress fiber and focal adhesion formation, and is a regulator of cell cycle progression as well; PKN regulates
cell cytoskeleton rearrangement downstream of RhoA/B/C; MRCK is a central regulator in several physiological
processes, like cell cytoskeleton rearrangement, nuclei rotation, microtubule organizing center relocation, cell

movement and cancer cell invasion. Here, we summarize the current understanding of the structure information and
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functions of small Rho GTPase associated kinases in cell cytoskeleton rearrangement, highlighting the contribution

of these kinases on the eukaryotic cell cycle regulation, especially the roles in cancer cell cycle progression. We are

hoping to shed light on the cancer treatment via identifying some new therapeutic targets.

Key words

1 Rho/N\GEERERMMERR
1.1 Rho/NGEBEXKIE

Rho/NGHT 1 5 JeRasill 5 11— 51, A2
Rho/NGHT A 55 HH20/> 5 3 41 1, 73 7] /& RhoA |
RhoB. RhoC. Racl. Rac2. Rac3. Cdc42.
RhoD. Rndl. Rnd2. RhoE/Rnd3. RhoG. TCI10.
TCL. RhoH/TTF. Chp. Wrch-1. Rif. RhoBTBI
HMRhoBTB2M". Rho/NGHHZ 5 4 figrh £ Fh 4%
RERR R, RN e ). AR S, il
WEBA S A0 R SRR T BT AR R

Rho/NGH H & — R B R MKW AL 73 1 IF K,
E BE T — i ] S A B ok 425 1 52 2% 1) 4 i A B
. Rho/NGHE I H A PIM & ERAS, — Mt 45

<—
(i=(E

=g

e

Rho/NGHE I B AT WU JE UR HE 30 JE 50 Rho/MG 2R [ HIGEFs.
GAPsHIGDIs =i 15 X I 15 G o WG I Rho/ NG ER Il I
LRSS LA 5 1 S

Rho GTPases cycle between an active GTP-bound form and an inactive
GDP-bound form.There are three factors (GEFs, GAPs and GDIs) to
regulate activity of Rho GTPases. Active GTPases interact with effector
proteins and induce downstream responses.

El1 GTPasefEBIN(RIES % X ik[4]1520)
Fig.1 The GTPase cycle (modified from reference [4])

small Rho GTPase; kinases; cell cycle regulation; cancer

HGTPHIBITIRAS, J5— M 455 GDPIF AR TR
Ao EWIH RS, GTPasefig U H br i 11, BIL
AR BT, A SO N T 4 GTPIK fiff i A% 4y GDP
AR XUV 5 S R R R Y T
(guanine nucleotide exchange factors, GEFs)#% il £
WEE I % 7 I e 48 DX 1M AL GDP A% 4% A GTP AT S
¥ K. GTPaseid 1t &5 [1(GTPase activating proteins,
GAPs) JI BT M GTPase’ 4k Jy FEFLTE IR A, By
WS AZ FF IR iRt 25 40561177 (guanine nucleotide dissociation
inhibitors, GDIs)#I iGTPasell) [1 & W%, ik,
X =R Ok I 1 Rho/NG R R, LR R
R DI
1.2 Rho/NGEBEMNEBRRDZE

FEGTPL AR T, Rho/NGEE A DL A LT
WO O EOS S A, LR TS S e
IRV H g0 E 2 B H ok, R
HAE AR, S5 B REXU AT 2R 46 L %€ H1302 FlRho
ANGEHEE N R A BT IR L8 AR 1 AR A R S Y
GTPZE & HE 7 ] 73 ) = 2K, X LEfR T I GTP4, 1 2
¥ 53 i) & Cded2/Ract HAE H 45 & 5 ¥ (Cded2/Rac
interactive binding motif, CRIB). ROCK-I/Kinectin|]
W 45 #4355 (ROCK-I/Kinectin homology region, RKH)
FIRhoRU W 4 [ 5 )7 (Rho effector motif, REM),

CRIB&S #4358 A7 45 T 5 RacHICded2 45 45 1) 34 B
BB B, A X Cded 2 M 56 i 2 R i (activated
Cdc42-associated tyrosine kinase, ACK). Wiskott-
AldrichZ £ 81 1 (Wiskott-Aldrich syndrome protein,
WASP). N-WASP(neuronal Wiskott—Aldrich
syndrome protein) FIp21 ¥ 7% ¥ B (p-21 activated
kinases, PAKs). 5T EK I, CRIBZ, F4 382 20V
H 5t 5 GTPase 4l 5 44 5 Y, fHIL 5 GTPaselt) 455 )
AEEHS, BEXT S Cded2 R A W ACK B WASP
HI &5 M 9T BH, A7 4E T Rac ACdcd2 =1+ (Bl ¥4
WOIR A T MIRacFICded2 ) [ Asp* X} 5 CRIBIH) 4%
F TS — D ANF D G R R ik . 7R T
“CRIBI{ 2 W 8 17, P AN OR 5T [ His & 2k 5 Rac/
Cded42/NGHE E I RIT MAsp™ HH EAEH o X FhRr ik
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(6 TR ) B Rac ) 45 “CRIBIH %5 W 4 117 5 Cded2
()2 “CRIBII R d I LA X 43 o Jd sk ORI B
TR R S R R R A, A A IR N B 1 i AN T
[JRho/NGHEE 1454

% — JERho/NGHE 11 &% W A% A& L T ROCK/
Kinectin [ Y5 25 B 0 8 1 0. X RN 4% 5 A 1
C-Ufi B e L ¥, fEROCK . Fr A A I it (citron-kinase)
X 5y 4 42 B 1 (kinectin) 1 )45 R B, ROCKH —
ANN-3ii 22, 28 1R/ I 2 FR R 25 K 1. — AN T
() K ol e X 3. — ANCutPH &S A4 S8 R — A2 b
TR w S X I DL AL T Comi I BE R 934~1 01555 L1
Rho% & S5 i 34 il o

1 1 ¥ ¥ N(protein kinase N, PKN) & it 714 [f]
55— ERho/NGHT 10N 8, 7Tl i NI Rho sk
N A U P (Rho effector motif, REM)5 RhoA 45
o PKNIREMZ; & 4 f 455 1 28 AL 2 R o ik ik
JF 1 = AN EE R R % [HR 1athomology region 1a).
HRIbATHR1c]. HRI1afTHRI1bHSHE M AL 1) 45 4 Rho,
{2 T HR1aMIRhoAZ [H] [ AH . 1F H /& GTPAK 46t
HI", Rho%¥ W 2K Firhotekin5rhophilind — NN-Zi
HR145 4 38(HLfTRho AL, 5 68 1)), BRI JE T REM
25 R [F Rho W 28 25 15 X RhoA-GTP5PKN N-
Uity I 2 A I S5 M 7R R W, 24HR1a5RhoA
(AR 5 DXk 45 25 N, HR 1alX 380 Bl — > S [l P47 12
Ji#(an antiparallel coiled-coil finger fold, ACC)fgHRHT
%[810
1.3 Rho/NGEBMLHERY S E AR5
1.3.1 PAK  PAKs:zZ % — M K HLIRho/ NG
1 B, B T STE2042 2 1R/ 9 52, I s 5% I
B . PAKSTEIR 2 A #84 R K, 7 2 T 40 1l
iyt R IA . PAKsH] 20 AL, 55— 4l (group 1)
£, % PAK1. PAK2HIPAK3; % — 4 (group I)fL &
PAK4. PAKSHIPAKG6. 25— 41PAKsii ik GTPasefk
H R IE GTPase M 1) 1 X052 40 W A 5 0, 55 —
A PAK S5 & FREIE I

Rac. Cdc42ff)GTP4S & ¥ X 25 5 PAKAH H 1
F(E2). A ZEIHPAKAEL 64 W 54 4y 1] HPAKI .
PAK2. PAK3[!'“'| PAK4., PAKSMIPAK6. 7 14
4h, PAK14> 52 Racl' GTPHICdc42 GTPHI %, Jf #k
FRAL BT o TG FRIPAK ] i R AL UL ER B 1 0
(myosin light chain kinase, MLCK) M 1fi #1 2L %} AL
BR A [ % B (myosin light chain, MLC) 135 %, 5 2

I T EF eI o Ty Ak, BN R A RLIMIEE(LIM
domain kinase, LIMK){\7 T-PAK[¥) T i, PAKJE i
PR AL LIMK [ 3 35 58 P 0 Thr-508 2 5 R 4% J 3 i
LIMK, 3% FILIMK R R A0 22 ) 8 1 (— R L3 & 1
g G ), FHIF-ILSh 8 g S0 1k, A I 5L
S DAL R TR Al B

PAK14% Racl. Rac2. Rac3F1Cdc42, Jf i1t
BT, fHPAK 1 A4 5 RhoA. RhoB. RhoC. RhoE.
RifflIRas45 4. 7 TPAK1 Niitip2 145 & 4 ) 8 (p21-
binding domain, PBD) A [ £ ~F 5% 3 n] il i 5 Rho
GTPase4; 4 I 1% PAK 1. PAK W] LA iF CRIB 5 Rac
FICded245 &, PAK I 1) 3% il #00 fh1 45 #4 45 (kinase
inhibition, KI)XJPAKHL A7 5 ZL {146 i, /ECRIB
3 R R R W Rac GTPase 4t 7143 FZEO, I
FLBh W) FIPAK 1-PAK3 C-Jii (1) {4 14 45 ¥4 35k /3 51 AR B
PEAL Fre PAKSIE & 24 f/ 55 [ PXXP SH345 & 2
FP A e — AN ST AR L R SH3SE A 5. SR — Rl iR
SFIRISH34E 75 8 (1 A Nck, 25 —FSH3 454 Grb2, PAK
A DAIE SNk AN Grb2 1y 4 & 4 21 E AT v 1 52
SR, 2 5 IR BRI A BAE &, HhRE
MALULE, =MPAKSTE 2 FiE 5 i Sl % h R 35 AH
[ R4 I (B2) -

PAK S 7KV 117 CF 70 15 5 48 . PAKI
TE AN AN B A BLAT RIS SR AR G ), A7 A I a3
AL %, PAKLIRKIZ, Fa 3ok m] 6047 o5 — NPAKT ) 4
A g e sk, M0 i Ak 5 A 3. e X P 76
1, PAK KIS M3k 3 e 4545 LA N, &5
R BT RV 2 T R W, GTPase4h 5 PAK 1 S 2L
KI5 355 (1) 1 5 e A B AR 4K, SX Bl AR A6 2 B AKT
SE RIS A S5 R AR B, S BUA SRR AL
AR o AT UOE B P R Ak 5 A S TR B A B
(PAK 11 Thr-423) 1) H s BERR AL, X 4ERR 2l B B 3
P LA B AN SE R A T B AT EEAE R . 5
Ak, PAK1[FSer-14411] H 20 ik 12 6 A7 B) T B B0,
M T PAK 1 (1) Ser-198/203 1) H 2 i 2 4k 2 '~ YR PIX-
PAK(PAK-interacting exchange factor)f¥] A & 1f Hi,
1 PR PIX-PAK/ECded2 1 5 A 1k 11 41 i 7 7] Je
HUR A S, PIX& —FPCdcd2/Racl & 4 A% 17
PR i ¥ K1 (GEF), 5 &i45 Bt K, PIX-PAK T AH A
Y F 45 i T Rac GTPELCdcd2 GTP ) J= 5 85 3 11y
TS PAK .

1.32 ROCK  ROCK#Z & — /4 & 31 iy RhoA
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N i B B . ROCK S5 RhoAM % M A B # X &
(K2). ROCKAG2F T #: ROCKa(ROCKII) Fll
ROCKB(ROCKI/p160ROCK). ROCKIFIROCKII (¥
I REAN ], ROCKI = B 71 28 0 4l Jfa b & #4E4E H, 1
ROCKIT == 22 75 1M 8 -3 WL M b & #5847
O34T b, ROCKIEZARLE Tl . . B Ao,
ROCKITF= ZEAE KM LA RO k22, ZE
RN, BIAFAEPIFROCKSEE N, ROCKIL T-18
FHAOAR b, ROCKIDERAL T2 5 g (o fk B2, Fir A
WF57 2 9], ROCKo/ROCKITE — /M [ Rho4h 45 1
1. RhoA. RhoBAfIRhoCH] PL#i% H R FIROCK
5> F o ROCK W] LSRR A — ZR 5 LAN B 1 40 i 42
WA (8 FEMLCK FILIMK), #05 IMLIMK 2 5
22 ) H IR A R Y, AT T A i SR AN 4
W45, Ji4h, ROCKSTEA 22 0 34t AT Z AR A,

WIROCKIB MR 4k TP A 2 8 1B T R 1 A 4T 4
P T A 1 R 8 22 2 1 ORI 3, A 38 1 o ] 224K
A3 R, X AEAT 2253 5 S 20 0 53 25 1) e b
o

ROCKs/ & — K HA ZA 4 M 22 5 1/ 77 3
P& B, 431 R 160 kDa.o  7F HINSHAEAE 22 2 0%/ I
RS . PRI ROCK Y 7Y (1) 38 i 46 K bl AT
FIE92% A PERSY . ZEROCKsH, H—MEK
IEELE R . ROCKITH AL K o, [RIYR - ZR AR 11
JEZ5 A RhoAGTP, MEBEIERT T-Cuiig (1) 10/134™ 2 M 12
BRILH X 4K, ERac1 f1ICde424H H, ROCKsRho
(F) A0 H.AF FH 5 RhoA [fJPhe-39. Tyr-66. Leu-69%% 3k
A 5. ROCKIWPHEZ: # S8l 4 — A& 75 - Dk 22 (1)
Shkrh . ROCKI®) [ A ) 25 46 5 A7 - P ity 1) C-
Uig, 7E 45t Rho'GTP 5 & R BRml . B B i 2

— | MRCK
() .

LIMK2

GO—[m

—frn]

CORRED

NO%

LIMK1

@[

MRCK

RhoA . Rac 1 FICdc42 A7 HUP MM AN 2 715 . RhoABFIR (L MBS, PP 152 241, e R-MLCHEIR 1L, 4R1f7, ROCKHI W] LUHPP 1852 1| B13 o

ROCK. ROCK. MRCKHIPAKIH T LIMK 3L, R L M cofilin G . cofilinffi FR AL 5 5 AN 14 5 F-actin, X L85 (4 i il f /L F-actin
PR AR SRERE AT K o MLCKE — P s 13, LT 4EFFMLCE & Wi T 30m IR A, (BPAK AT LUGMLCK I S il 456 FH . PAK Uit i 1 HIMLCK
KIS PE AT R-MCL, 3 4h, PAK1 A LAGE & R FTLIMK L. S5 PAKAHM EL, RhoflCdcd2 5 LIMK2 IS MESG 72 5 5% . [A 1, RhoAFICde42: i I 45

A ) R P ) R R FEAE T

RhoA, Racl and Cdc42 have several kinase effectors. RhoA phosphorylates MBS and leads to inhibition of PP1, increasing R-MLC phosphorylation,
however, PP13 is blocked by ROCK. ROCK, MRCK and PAK regulate LIMK activity, which inactivates cofilin by phosphorylation. Once
phosphorylated, cofilin no longer binds to F-actin, and the ability of these proteins to catalyse both F-actin depolymerization and severing is inhibited.

Myosin light chain kinase (MLCK) is a calcium/calmodulin-responsive enzyme that maintains the myosin heavy chain (MLC) complex in an active
state, but is negatively regulated by PAK. PAK1 regulates R-MLC by inhibition of MLCK activity and also PAK1 can bind to and regulate LIMK1
activation loop downstream of Racl. Rho and Cdc42 are more closely linked to the effects of LIMK2. Thus the Rac and Cdc42 signalling pathways,

acting via PAKs, can function either co-operatively with or antagonistically to Rho/ROCK.
[E2 Rho/\GE B XHESTEIRA AR A E 2218 T Fh RO 1E A (IR1E 5% ST 5112 20)

Fig.2 Rho-associated kinases in non-muscle cell cytoskeletal regulation (modified from reference [5])
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Nck CRIB/KI PIX binding Catalytic domain
PARIZE I ] || I
ic Coiled-coil
ROCK Kinase Hydﬁggg?bw domain RBD PH CRD
Rho-binding
N
PKN1/2/3 ACCl1 ACC2 ACC3 Kinase PIF
i Hydrophobic  Coiled-coil
MRCKa Kinase motif domain KIM CR PH CH CRIB

MRCKB/y

PAK. ROCK. PKNAIMRCK/ERho/NGHT AR PN ST . EATHA LB R A S5 R, XL My A LA TR DhRg. [Nt A,
AR SR K, A LT LGS AR [ IR ho NG R 11 (G 22 45 Ky dsk iy, CRIB A& Cded2/RacHH B4 i 45 545 )%, KLE A s (1 2 B, PIX/ZPAK
AHH A HIAS#eAE 7, RBDJRho & 5 4 F s, CRDJE Ve 20 M2 s AR 4 K 3ll, PHA RPHE IR, ACCHE S ) AT IRTEIX 3, il 5 Rho/ NG ER 14545,
PIF/E Tl /K7, CRAE VWL 2R B A2 45 Ik, CHA R 77 AR R IR 45 A4 42h) o

PAK, ROCK, PKN and MRCK are downstream effectors of small Rho GTPases.They have some conservative domains, which associate with their

similar function. And they also contain some various domain structures through which they can bind to different small Rho GTPases (CRIB: Cdc42/Rac

interactive binding motif. KI: kinase inhibition; PIX: PAK-interacting exchange factor; RBD: Rho-binding domain; CRD: cysteine-rich region/domain;

PH: PH domain; ACC: anti-parallel coiled-coil; PIF: a hydrophobic motif; CR: cysteine-rich domain; CH: citron homology domain).
B3 PAK. ROCK. PKNFIMRCK#IEHI(IRIES % SCRR[S|HER)
Fig.3 Domain structures of PAK, ROCK, PKN and MRCK (modified from reference [5])

PH/- Db 2018 & 4R &5 W35k, e T DLIOTE N - 3l X
P, T-ROCKITFIN-it — 58 A4 25 # 338 6) L 3 g
WEPE R OCHE T, IO O 45 M 3 SR AR ) X H
G ERAL U ANT] 2. ROCK I C-iit 1 2 2 S 8040 Fl
RIS (K13).
133 PKN  PKN X PKCHK#i A (PKC-related
kinase, PRK), H A7 = AN Z & Bk G2, 43 7l A&PKNI .
PKN2FIPKN3. i 3. 3/ #) FIPKNsEE 1] B 5 RhoA/
B/CAI H A, v LL 5 Racl 41 I AFE F®, PKNAI
PR CA# Ak 45 14 30 11 25 R AR AL PR3O, PKINREAT 25
1l 12 AL 4 % 12 JEE M) PXS/TXR/K . RhoAIPKN1 1) A1
HAE AT A TPDKIA T PKN TG A6 2 (1) B R 1L -
PKN 1V A FAR (1) 12 A0 (¢ A= AEPKIN ) Thr-774%% JE
FIPKN2(#) Thr-8165% )% PKN 11135 1 2 06 75 1
PKN 1) C- iy Y80 il 45 £ 355 15 P Cs 1) T8 il 45 ) 358
FALL, A Ser/Thrig g 45 #4350, N-3iii 2 47 H RhoAH H.
A FH ) 5 5 R 3, A9 T B AR 1K — A S 1) P AT B e
(anti-parallel coiled-coil, ACC), A i INACC H SN
EjRhol 454, Hilik A, ACCIRIACC2AEIE i AN [H]
()45 415 R HRhoAE{Rac1 45 & (&12). {EPKN{iE AL,
SE IR 29130 2 AL IR (1 A7 B, S PKCIC245 14 1k

ARG IARRIE, vl e B a0 IER, 0 e B
I, A A DU IR R 1 FLAGTPaseAH G HE T
Wil — ¥, Rho 5 ACC1/2(1) #H H.AE F] 23 it BRPKN )1
PRI B S EIE L, S PKN . RhoASE 4+
1) 45 & ACCLHRR 2 4 50n] LA 25 PKINTR) {4 25 44
B, 5y 4h, PKNIHACCE; A6 35 fE 5 oA 25 11 A
ZE 5, U 55 '1CG-NAPA (centrosome- and Golgi-
localized PKN-associated protein).
134 MRCK  MRCKs/& 5Cded2/Racsh 5 I 22
AR/ R R B, HMRCKa. MRCKBFIMRCKYy
= Fb W M 4 k. MRCKofE 45 & Cded2-GTPFI
Rac-GTP, H: /454 Cded2-GTPINfE /758 T 4 Rac-GTP
& Gro EAE A Cdod2 ¥ 52 A4 A g 33 4 i 28
Her6E 71, 25 WL3h B 2 A 2200k B 2 T8 BB
2). MRCKI¥GTPase4 & & 4 4k L PAKAH B, {H i
TG 25 #) 38k 5 Rho ) 24 V. 5 FIROCK/CRIK (citron
kinase)fH 1. MRCKouH A7 — A~ 1k 3 il 2K 8l 4
PMA (benzenetetracarboxylic acid)(?) 25 &7 i, nf il it
H5Cdea2 K AEM AR,

N K [IMRCKak N A7 T-1q42.1, K JE K 2052
250~300 Kb, HF 57 % W, MRCKyHE P& 5 faj w5,
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774 B MRCK afTMRCK B T A5 45 i o AEMFL3)
YR, MRCK 12 IA & e 1], 76 i o (1 204 e fe
B0 IvanZEB9R) H JE K240 FIcDNA T3, 2859381 T
N FEMRCKa K 85 v [ 5o MRCKalf)CRIBI(H1
Y F36)MICRIB2(AM W 3L T [ — AN s ¥t
7E Yy RE b, CRIB14 L 4% 45 £ Cdc42-GTP, CRIB2 1]
PLIE MR CK 5 Rac-GTPHIAH HAEH . MRCKaff)4h
BF21243R 05—/l AR X, L&A 2 A 1350
Y, A7 T N-ify 707 22 35 PR 5 2 1) £ ~F° X L 445 4
SRR AR WA B L S o F N 1 e SN £
R E 45 R 85, A7 1A T 400 1) 55 )P (kinase inhibition
motif, KIM)®*. PH %k #4) 455 F1CH 45 #4) 355 1) A 49) 27 1)
RE H AT ANE 2, XL Lh M e 7 R IR I, 254
THIMRCK A2 15 1« AN RFROCK, MRCK& M
(TR 15 AN B PHEZS Ak, 1 e KM 3t e 45 AR 40 61
MRCK [ f# 4 45 #4388 45 4 m) 1 45 Dy . MRCKy
FIKIM 3L 26 35 £ 41 MR CK o fTMRCKy 1) 375 1 (
3).

7EHelafIPC1241 it 1, MRCK a2 5 Cded 21 75
(1) L3N B 11 B J R A0 28 58 14 4 . 93 4b, MRCKa
AT DL A0 i B e, O LS s Rk R
1% 1% I 1 (protein phosphatase 1, PP1)A1 JJL Bk 25 11 ¥
BEMLC2)II WLER B (145 & W Aok R 3EAE L Y.
MRCK RJ PR 75 55 48 i 5 fil A7 0% 000 UL 3 2 1 vt ke
MRCKATJJLEK 25 FTAH 5¢ (19 L3k 2 1118 A(myosin
18A, MYO18A), il i #% 3k & [1LRAP35a(leucine-
rich adaptor protein 35a)JE i — L & G W, AR,
LRAP35aifll i H: 5 24 ] 552 1 (leucine Repeat 1, LR1)
EMRCK %54, X LRAP35a_F A% 5 [IPDZ-45 4 J
J¥(PDZ-binding motif) 5MYO18AHH H &% 415, X
AN =T E AV R E E REER . LRAP3Sa
FLIEMRCK, 30k 5MYO18AF B A5 F 1 4 -+ WL
HE A, S8 A TP RMLCEE R 16 FIMY O2(myosin
) i 1 L 2l R (A 4] % . YELRAP3Saii iFMRCK
o R, 3R i 5 MRCK | KIM&S A4 8 AH B
B M R MRCK . H AR A H 23X R 1, KIMJ2
MRCK 73 1~ N (1) E Bl 4] 45 4 5, 8k 5 MRCK
({45 R IR 5 5 ok I HIMRCK K5 1« LRAP35a
HKIM4; & 3 20 A 3l 40§ L6 BRI T MRCKI%
o

MRCK 25 FIR A48, 165 1% 5 s F il
& 211 21 P s (microtubule-organizing center, MTOC)

FREN A Ko AEIT RS 1 40 ), MRCKGH 1S F-IL5)
8 [11% Jit (actomyosin retrograde flow) [ #HG, M 1
P A e B Ak A 21 239 O (microtubule-organizing
center, MTOC) P e A7 o LI H AT —FRFR Ay 5 I NI
I (lysophosphatidic acid, LPA)¥] IfiL i X F-. 7ELPA
(P30 38 40 B Y Cded2 1 7K T iy Cded2 3
{7 (MR CK A1 Par6/PKC I 458 i, 25—, MRCKIJ 17
LK & EINE-L8) & B e A 5, f5 AT
EA AL EORT AT 55, Par6/PKCHMRCKH ]
{#Dynein/Dynactin{t: % 3 [f] 40 Ml i) Zx & 48, & &R 1)
Dynien/Dynactinfff iU 241 23 H 0o A7 - 40 i A0, 3
AR A 2R O E T i o B

2 Rho. Cdc42F01Rack H ¥ EgiET5 AL EN
EH/MkEBNE N ZE

1E 2 Fh 4l e v, Rhoy Cdcd2FTRacii i H AH 56
T A S LA W i 1 LB B /LR B 4 42
0 M TR (1) A8 T o A9 G, ISP UL AN A o i
e R S e 111 O T 2 U R = e L
e &4 A1 5T 7K B A2 B 08 £ 5 Rho A/ROCK 7, 7E
R0 B b, AL W A v S 2y e LB Al
22 LBk TR E B B, 7 ax A o 78 vh 75 22
WEskE O SR E AEMEE AN S S, JIEkE
1 B TR A AR 8L P T I8 1) 30 2 - T Ca> K 11
T ULEK B 1 3 % U (regulatory myosin light chain
kinase, R-MLCK) 1 5 JJLEK 85 (1 5 8 i (regulatory
myosin light chain phosphatase, R-MLC). /Il 3} &
FIPR-MLCH B 92 16 5 B0 5 L3 2 A0 BAR
H, B U BCE WLER B 11 ATPase, 3 2041 Mg e 46 1
P . R-MLCHE IR B i — 30 7 4 i M 46 I B2 7
(protein phosphatase type 1, PP1). HLERER H 455
% (myosin-binding subunit, MBS)F1—4N /) AR 1L
WP AL . MBSHL DX sk 25 1 A6 25 40 RIPP L, 7] I 19 in
IR AL IFIR-MLC. MBS N A1 Cliig 22 n] HA7 45 &
Wk ER A 145547 f B, Clig A Rho AL 5

FEARSE, ROCK AT LA IR HELR-MLCHSer-19, #fl
%, TR A] LA HIR-MLC it B 2 1t . ROCK %
HEMBS130% £ £ Thr-697. Ser-854F1Thr-855 = 4>
SR AT 2o Thr-855 1) 5 IR A4 175 7 16 1R i M VL3R
BRI R, B, RS B N 255 )
MBS 1301115 > 7 The-697 (1) 240 4% 45 i HEMBS 130
LA AIHPPL. HPAKAHL, ROCKH] LAY,
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LIMKs¥4 i 45 #) 5, WLIMK 2/ Thr-505, #2 = LIMK2
iRtk cofilinffIfE J7. PKNAIPAK ] LU i —FFMBS/
PP 14 46l 1) — 25 19 5 38 ECH) 6 771117 (protein kinase
C-potentiated inhibitor of 17 kDa, CPI-17) , & {tMBS
(A Thr-3847 £ FEHMHIMBS I3EER . WL3h H (1 i
A BEMLCK A — F 85 /45 1 45 11 (calcium/calmodulin)
W B, A2 BCa iR Y R, T AFR-MLCAL F
AR, B AT RS IMLCIE S F- L3 8
1%, TiRac N7 PAK L HoAg ol B . 2 T
Cdc42. RhofllRac I i FIMRCK. ROCK. PAKH]
DL R A0 BOE LIMK, 0 B LIMK % R fh.cofilintk
FIN =A™ 22 28 FR/ 95 28 PR AR A, $ i Ho A SR WLsh i
[ 22140,

3 Rho/N\GEBE MM #EE 5 40 R B B s
3.1 PAKS 400 HA AR

PAK s 41 Jf B L 50 7 27 F0 4 iz 2 (1) 5 22 1
& . S, PAKsIIIMAPK S 5%, AT,
AT % 5 0 i R SRR DA, PAKSTEAR 290
P EE R TR A M AR R EAE A

i B IPAK L& A7 1O 95 R AR Ffc 4
IR, 035m0 40 SO0 R ) A B g R $EAE
PAK1Z: 5 e 1) A2, A0 B8gmhe, Wl i . B
Jrd AN O S 4 i b, PAKTIK 1838 Bl
LEFLIRE AN, i siIRNA T $E 0 HIPAK 1 ik
REPFKeyclinD1 [ ik &, 3B PAK 1 & 2k 41 o 384
B AE W A0 BB o 40 Jia g 40 Jf b, PAK LR IR AL,
L5 40 A7 35 IR () FRAIAT %, Rt SR PAK 25 403 i
T IR AR ZEPE) . PAK ) 60k £ f Bt ST 1k L
g I 98 AR ) 3R R T 38 I, R PR PAK L 5 B B W
Joes (1) AR AT R S L Rg AR, HLHLI2 PAK L T i fig
SEIR A H A 1, I BH 41 M R HTEG 9, AT B &5
i E 19 (colorectal cancer, CRC)4H iU ) 145 fig

PAK 1 A &5 17 1) 4 P () 38 5 fie g 1 L Ak
A HL 2 X A 1, PAKTEE I ficyclinD1:Cdk4/Cdk6
MR IE. 40 M MNGo 2 NG HceyclinD1:Cdk4/
Cdk6[1) % 35 F ¥ 3% A K, cyclinD1:Cdk4/Cdk6
TEG T I B 18 b B0 L0 R I R RE 40 B R AR
(retinoblastoma, Rb). Rb[IR I 0] 5 E2F 4 s K+
ghifr, 0 AN M R A E R K Gy/STE AR JE L T . T
Z Fhdi fo, INK(c-Jun N-terminal kinase)if 4 /& 41
Y6 84 B 0 175 A B A Go S 08 NG U ) o 0 2, IX

510 5 AR T2 O R V), B fieyclinD1/Cdk4
(235 . Rl FRPAK LI 1 INKGHE % 52 21304, 38 i 4
AR 4H i JE) 315 0G0 BEL i T8 28] AR 400 oL P 4 0 1)
R A2 IR FISP600125 ] LU HIINK (1 3% P,
i# 3L PTEN(phosphatase and tensin homolog deleted
on chromosome 10)FFR 2, I I5PAK X} 45 117 H i
HEFH 52 . PTEN AT g2 FHPAK 1/INK I 5 (1) 40
JH B8 BRI AT 22 53 5414,

PAKATEA MY T, 40 i ZR B 4t i o] 0
Y ETE S T R FE TR BT e, 2 R s 4
HJA T3 715 55 [ (apoptotic regulatory protein, BAD)«
i B E 420N ) & FILIMK. Rho GTPase. 1% %
IR ¥ 4 [X1--H1(activator guanine nucleotide, GEF-
HE R IUFORRIEVER . A W90 76 9256 Ik B,
FE A 5L 2 2K O PAK AT B0 AR, 40 41 i
JHT, (R IR 40 R G, R PR PAK AN = R A & (1)
AW F N . {EHeLadil M, PAK4Y ik 25 FH 1k
TNFaifs T 040 J 8 1290 554 WF 90k I, PAKSIH)
FILREW Y B 4 R I . 8, (R E
g e 1. PAK6AE 5 — ANl R LI e VR I 3 52
P(AR)AH ELAE AR 115, 78 5 ST 4 e 40 i A A
R MERG 71 B 40, PAK 643 1 R IR,

1 HIAIE 5T & B, PAKA [ ATP S 4+ M4 11 1] 1 PF-
3758309 REFI il 41 M e 7 A e A K AN B, 75 3 40
PHT RN Mo B 22 EHE . Rk, PF-37583091% 4 — i
FEEIT NISIRE I 29, BRIk 2 Ab, 55—
ZHPAKK A, A2 i F7ITIPA -3 1] A HIPAK 1 (¥ 35 7,
— 28Ny 7RI (AICEP-1347,  SRC)AI % 44 1
fifi(tyrosine kinase, ETK)# il FI(U1AG879. FK228)#f
BEAT M BIPAK S Ik o 1106 T R 1k 3% 1 28
2 PAKCK U, 3 3 AE R 21 HAT 214l 77
3.2 ROCK5 4 E HA AR

ROCKSs5 £k 2 1599 & AEAT 0%, W0y I A ¢
Wi ARG e LSRR R I R E S . 7
VF 2 098 40 Jf of, RhoAFIRhoC 2K 11 1) 655 B s
TR SeT 1 b, o frIE SR b R 4 e S2ALAE
T 240 97 R 98 2%, Rho A MTRhoC 26 i & 1 L T
¥ T ROCKIA (i) ROCKII [ % ik & /K. IMiRho
FIROCK s 2 1 1Y 0 ) -1 4l B 1 4% B, (e
Jeit 0 U PR A AEE0 . A WFITER B, 7ESwiss3 T340 i,
1 7K F FIRho A FGy/SHA 3 FE.  7ENTH3T341 Hiu
0TS TROCK-ME ¥ %5 52 14 £ 11 (ROCK -estrogen
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ROCK

OOO
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o) Quantum dots
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Ras LIMK

MAPK

N\

c-Myc-dependent

. t t
CyelinD1 p27 CyclinA AIgels
: : - Cell survival
Cell cycle progression and proliferation

ROCK M Ik AN [ {47 5 00 46 4 710 4 e B2 . & PR S AN 4 A7 . ROCKILIT Ras FIMAPK, # FieyclinD 113 1% . ROCKHHLIMK?2, $2
freyclinAfIRIA . 34k, ROCK BT nl {fip2 75 (R /KT FAI% . ODsIl it I HIROCK [ 3 1 B A e-Myc & [ AU B 2 Pk, #5211 X e-Myc 2k (A i

PRAR A, AT 5% 60 2 1 A S0 AR 4

ROCK can regulate cell cycle progression, proliferation and cell survival through different signaling pathways. ROCK activates Ras and MAPK, which

along with an additional independent pathway, leading to elevation of cyclinD1 expression. CyclinA is independently elevated in response to ROCK

activation via LIMK2. Reduced p27 protein levels were observed following ROCK activation, independent of the effect on cyclinD1, cyclinA. ODs

can reduce c-Myc protein stability through inhibiting ROCK activity and impose inhibition on the phosphorylation of c-Myc that takes the principle

responsibility for cell cycle progression and proliferation.

El4 ROCKFNZH A E B AR (1R 18 5 % STk [52-53] 12 %)
Fig.4 ROCK and cell cycle regulation (modified from references [52-53])

receptor, ROCK-ER) F] 1| G /SAH g i S k2. oKk
1 #F0 25 ()R ho ] A NTH3 T340 g AL B A8, 53 41,
ROCK I i RasFIMAPK 1] ¥ iif oK $& FHicyclinD 1A
p21 112k /KF, i LIMKAE HeyclinA ) 2 15 K,
0] PR p27 1 I8 /KPP, ROCKIE v] BAH it
A T B0 5 DS e-My e JiE 1 Sk VR 15 e A0 i R R
It, ROCKRE I i 22 e AL 1l 8 15 4 e Jo] 00 00 4 o
RAEK .

1E AX % 9 41 9 T, Rho/ROCK [ #4075 FTIROCK
(13 e Rk S R A R BRI RS . DAL,
il ROCK [ P4 T LAl 4 it 1 i B A . -
FROCKWHMBIF], X HBEAT IO ek T 977 X 4
PRI IR J5 ). HATEFZE R L, &7 AU (Quantum
dots, QDs)it ik BHL 1598 3 D] - My ) 4 1 5 5 1) 1
F L 35 23000 bR i A A K, (H R 2 il 4 i AE
T-. 1M H, QDIE I I ROCKIE M, B c-Myc &
FIRAZSEPE, TS o-Myc o H 8 3 R 11 B ) B

(Kl 4). Nakabayashi®PY% B, Fasudilii i Rho-
ROCK ML 73 25t 3% A 1 WM /40 L A5 - 3 4
U4 (mitogen-activated protein kinase/extracellular
signal-regulated kinase, MEK/ERK){i5 = il i I il 1f
2R S LA 57, Al Fasudil i — Mgy
PR R VS (E 259 53 A WF SR B, Fasudil
A BEL /N 400 Rl 96 40 JINCTHA46 1) 38 FE AN 5 F 1%
BRILZ A, IR & R T 1R 2 FIROCK s
7, Wy-27632, ‘€2 Fld i 5 ATP5E $ROCKI
AMROCKIIAEA AL 8 A AR Al 7], o] LA i
BT LR . AT — 2E05]M:2E (UISR-1459
SR-899)HIRL 1A B4 il 77 B A AEBEAT I A7
3.3 MRCK5 4 fE #iE4z

AR W, MRCKS 5 i 41 L 4= 2. 41
= 22 i / B ULBh & Wi ) 1 7 AR AT Cded2-
MRCKAE 58, 53 4b, 76 0] H- 41 f 42 28 1 7%,
ROCKAMIMRCK 4t 5 By [7] 2 45 i 47 i 72, Jf H.
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ROCKHIMRCK G 5 4t 5 1 7] 12 128 9 4l i 1) 432 28
I, B30 SHIROCK AT MRCK Y [7] I 411 fH/ROCK
FIMRCK ) G 00 )3 41 i (1) 42 2%, 3 208 2o, W)
i 170 ] ROCK R MR C KA 100 il s 201 Jf 452 2% 1) 285 L B
Ufo SR 07 R I, 43R M FI(Y-27632. Fasudil.
TPCA-1)%f MRCKaAIMRCKB ) 1 1§l % 5B & %,
Y-27632F1Fasudil [F] i 18, A= ROCK 4 il 717, [Al i,
XMRCK 2 5 98 4 M 42 225 F2 (MBI 5, 58 Ak JF
RARTT B 20— AT 1

4 PERE

H A7, 4T Rho/b GE [ R (PAKs
ROCKs. PKNsHIMRCKs) W57 2 5 7r 1X 46
BRI ERE T OR S aS R R FE M Dhfe (in 2
B E A AR Bl 4 G JE TR 88 4 55 7 T A
JRho/NGHEE 1R U 0 3 70 R 55 7 T

T Ik TS 2H, X e A I R R AR AL
PR AT 72 Sk, I I 0 25K IR ARABL R 0 22 Sk
8 T HIh e B ARALYE RN 22 S k. 9] fu1, ROCK N
MRCKTE HN-iiy 30 45 1) 35 P9 47745%~50% ) AH 2L
PE, TR FCC-3 AT R K 1 22 S P XSS IR AN
[ V. 250 5 A 5 v PR AH ARLRE, 481 t ROCKIRIROCKIT
(1) i T 55 ) 35 AR AL 155 1892%, MRCKaFIMRCK
75 SLW 25 M I A A TR 7 7% o X e YRl 45 1 358
(9 AH LA CRAIE S B8 5 AH [R) AR AR, (9 i 4 & AEAE
NI EE AT AH [ AR ABL 2E 4 25 8 H, 91 WIROCK
MRCK H A A [7] 1) i 2 A4 i 4, i LK 2 B 6 4
(myosin light chain, MLC)F1WLER 2 [ i FR i 11 LBk
1 45 & W 5 myosin-binding subunit of myosin
phosphatase, MYPT 1)} i /£ JE i F-Nlsh ik (142 2 5
A e SR RS AR R o X e I 22 e
WA A HAT 2RI B, B ATMRCK ok fEiH
TV ERRER 1520, B/ P AR e (A8 T4
B S 5B (IR RN, MRCK o 14 5241
LN AT RS, TR o St L

X} T Rho/INGEE [ A He 250 W B 11 A 4 i i 48
L HE 7 AR BIFSE AR 243N, DA R 5T
U 1) T Rho/NGHE 11 B 80N B 1 A S E 1)
RAFR SRR ER . B, ¥k
(280 S M 282 J1 2% A0 M R I ERR . 4 ek
WA H AR, Rho/NGER [ S LAk N 2R (1 A 8
20 1t S SR R R D H 2 2, JE A& Rho NG iR

180N B 53 K 2 A2 U IR, SO oy 1 1) i B
R ) B8 AT 50 00 1 A L ) S B RN e B o DRI,
17 0 VLl 23— A R R A ) R RT3 S BF
SYAE B, PAKAF0HI7PE-3758309 % 1115 41 i b 37
SE A KA B, 55 40 MU TR R 4 b
AN RISP600125 ] LA ] £2 4 59 PAK 1A &5 )17 EL )W
g B8 B ) 52 W Fasudil. Y-27632. Quantum dots%%
ROCKH il 71 W] LA i 1 RO CK (1) A5 H i 47 a1
Jih R 4l B AE K B i FH Fasudil R Y-27632 1] DL [A] s
FIHIROCKAIMRCK, M iy 48 5if 6} i 40 g 4= 28 1 1)
HIEH

24 U & Rho /NG R 1R $5AE H AN Rl a2 1)
oy, RN W ITAL # B Rho/ NG AR 5 5 10
() B Bk 42, 1 A% TPAK. ROCK i 1 #F 57 &
Z RN, (HIEXFMRCK WA AN, filtn
MRCK 7T 4 Jfa J& B 1 2 o (1) B AR5 5l % . MRCK
FEAN RN E e A R P sk i P FR A FH L S MR C ATl
TR 55 0T S I AR AR R PRI AR 2% i i
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e, FHRABFEMEMBEE . mE K ARG M RGP HRIEETZAER . HIN, MG mieF HAEF
Fadf AV EDF 6 A LR R A R, I AF A EDF AR R B AL B Y R A R k., EX R T iEF
ok FARRAEFAE F A Fog KA. D AL A I8 R AR R 9 AT R R

X987 E2F ¥ T 25k 5, M

Atypical E2F Transcription Factors Contributed to Cell Cycle Regulation

Qi Qianrong, Yang Zengming*
(Department of Biology, Shantou University, Shantou 515063, China)

Abstract E2F transcription factors are important elements in cell cycle regulatory network that regulate
cell proliferation, differentiation and apoptosis, consequently involved in many physiological and pathological pro-
cesses. The biological function of E2Fs has been widely investigated in mammals. The recent identified atypical
E2F family members of E2F7 and E2F8 in mammals develop a new insight of cellular E2Fs function. Compared to
the typical E2Fs, atypical E2F proteins have the duplication of DNA-binding domain and regulate gene expression
independent of dimerization partner protein. Nuclear localized atypical E2F proteins act as transcription inhibitory
factors on typical E2F-driven target genes and modulate cell cycle progression, and play a crucial role in cell size
determination, polyploidization, cell proliferation, differentiation and apoptosis. The establishment and improve-
ment of knockout mice model make it possible for us to study the physiological function of atypical E2Fs in specific
tissues and organs. Atypical E2Fs function in regulating embryonic development, angiogenesis and hematopoiesis.
In addition, change of the expression levels of typical E2Fs and atypical E2Fs correlates with tumorigenesis in hu-
mans. This review summarized the latest advances in the studies on expression, regulation and function of atypical
E2F transcription factors in physiological and pathological processes.
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E2FZ R FE N — R EE Rk W 1, ik
AT RS REZAEY D, ORFEWIAY. Hh, R
W FIAE SR, TR B B AR, LS
H, B84 AN U E2F RS  R 1, HLER 4G
¥ EALRE R4k 45 M) 48 (dimerization domain) &
JE {1 7 (DNA 45 4 35 (DN A-binding domain, DBD).
E2F & H i = R A 45 1 18 5 — JR fl(dimerization
partner, DP) K [ JF Jli 57 I8 — 54K, I {HE2F/DP#E
% 3k N 40 M A% 9 3R 15 55 5 2 YEDNAJT 51l 45 & 1) fig
7151 DBDREWS 5545 5 1 IDNAFE F1| 45 &, o #EFE [A]
() 3 S R AT R 10, LRI EDF % S5 ] 1 o 41 A 18 4
HH ORI [R] 1 2 S5 1 715 5 40 0 I RE 4T 989 (retinal blas-
toma, RB)Z Ik 8 [ %% AH ¢, RBE i@ i S E2F &
1) S 0 S5 A 804G &, RIE2F 7+ (1 % siE
PEVL, MR AR E2F A [ %) 2 PR 5 (9 1 4, O 3L
I3 9 S5 WO BY(E2F 1-E2F3) A1 % 5% 401 ] Y (E2F4-
E2F6). WS B E2F S 5% DA -1 32 2 42 40 ) S 0 7%
WG ~S H 5 4, A58 241 i 13 NSHA® . E2F4RIE2F5
JH I 524 5 H (pocket proteins) LA 4 B S 11 I,
FNHIE2FHE 2L [H] ) A0, E2F6R A5 b B =
LHRBHE 456 1 B0 25 13, R b e s i
EFRARKI T RBE A, E2FIE2F27E2F37" =
FR(E2F'-TKO)/IN 5 R IG AT 4 41 o A~ et NS HA
FEAT A 425y 2, 3 HE2FHE L R 3 A B 5B R U2,
1B 5 S B 58 & B, E2F-TK O /I SV G T2 .
AR/ 240 f e BN IEH A oy 4t FE . IE7E
S, RBAS 1 S E2F1-E2F345 & M 1 01 il

Activators

E2FHEBE LA (1) R0, {4 M H 4t B Ja) 3 . 401k 4t
o RBEE K 1G S5, WIAEE2F1-E2F3 M4 S5 4 i) K]
T A Ry SO TR, AT R 0 B R TR (1) R A N
4 oy AR, U0 BHE2F 73 ¥ 11 B S5 B0 B0 i 4
FH B T 24 B ) 3 5 B (IR S, DT 0 428 % b 24
FRL R BG 5 % o3 A R

AT A R i B R 2 4 A, RN AL AR A
VIR R T — I ME2F#% S A 7, MR 4 LRIk
IEE RIS AT, 8 SONAE LRI B2F L S R 71450, I L
FPyrh B A JE SUE2FRS 5 R 1 (B2F 71
E2F8) (K1), 5 A fE2FE (A L, A S R E2F 3R
EIFES ) DhRe e I ALH] b A 55 1 S i) 22 e 0,
A8 /) B R PR A A e NS i it o, & e
M MEFFE RN T2 5 TILsRR K E . 48
MOREGE . A, TS DR R e A S R . AR
M A SR G T BB E2F % 53 (Rl - 7E W AL 30 Hh (1 A=
AR IRAE AT T 2538

1 FFRBE2FRE TSR

T8 0T 40 T 7 2 DR 4H 3 A7 0 58 INF, R B I A7 AE
— K 5 W RE2F /1 45 W AN [R] (E2F %% 5% H 7, I
fir 4 NDP-E2F-Like(fd #§DEL1. DEL2ZDEL3)!*!,
FE 9 358 N SRR/ B AR E2F U 5 (10 80 5 R ), Bk B
T AR T 3R E2F R A& R 3 S R 7, JEm N
E2F7, H 8 [ 451 5 #0Fg I vh % 52 (IWDEL R (A A1
AT, 5 R K e 5 — AN A LB B2F 55 A L 9
% NE2F8. E2F8[¥1451 SE2F7AELL, Hf HLE2F7A0

E2F1

Typical E2Fs

E2F2

E2F3a

E2F3b

E2F4

E2F5

E2F transcription factors Repressors

E2F6

E2F7a

E2F7b

Atypical E2Fs

E2F8

Ell IR R IR RE TR S EE
Fig.1 Phylogenetic tree of mammalian E2F family
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E2F8 ] 68 LA [A1 1 F 1) 75 203 (7] 2 5 41 A 38 5 (1)
Wz L e,

EEASEN L, W EFR S TH&H—
AN FE AR SF IDBDA— AN SR Ak g f 3k, 1 3 i 7Y
E2FE [ 11 45 W 5 s & B B A-DBDR 21, 5 4f,
E2F1-E2F51 &5 [ 45 # H ik 7 e 18 5RBEE A 45
A IR 51 1 e 20 45 #3E, TTTE2F6-E2F8 4 [
AAEAEX P& 1. JE L AYE2F & 1 28 — /NDBDH
& HDNALE & XI5 = R g5 sk, HIIEE
AIEQFER & 75 At SDPAE X R AR, 7640
Hh [ B I 33K T A 4 €458 ' B H (green fluorescent
protein, GFP)[{IDP %5 [1(DP-GFP)FIE2F1, 7] 7 4f fitl
% N W52 2IDP-GFPI 5 5, Ui BHE2F1 5 DP A 1 45
A JE N BOAZ R AR EE S o SR (R i 3
iXDP-GFPAIE2F7 % 3, DP-GFP{5 5 475 iz T 41 Jfd Jii
Ui B AR L B E2F R (3 N4 A% JE A T 2 5 DP
LEAP 3 I NTE2F7RIE2F8 37 A4 25 44 1R 43 BT, AIF S
HEHH P DBDH 7 A i B S5E2F/DP — Ak b
DBDA = A 8 1 2 [ AL B AR BL. I 3 g 7Y
E2F 4 H %8 A ~"DBDYE45 14 [ 1] B 5 E2F/DP 5
A TE R FIDNAZ &R TARRL, AT B AR RIE AR
HEE2F7RIE2FS 5 45 7 EDNAFE 41 45 &1, {H M i3

TR EE, B AT AR 3 3L A E2F /2 i B (1 E2F
FEPR S T ok, B8O BT IR A E2F &K AEDBD &
I R M B E2F 2 4 (E2) -

JE & A MWADBD, HAE M E2FEE R B
A E R E2FFE L (R 16 A, 1B AR L B2 F B
T AR RSNG| K 1. E2F7TAIE2FST] 35 4+ M th
5 BoE BUE2F R R 45 &, AT 4] g B E2F 43 7
R BOEERY . 5146, JEIME2F > TRk 2 5
RBZE [ 45 & 1 s Qs 45 M 3, TR 3R B AU E2F 2
IR 5 ST HEANV KR B 5 B B> . 8 2 GFP
oAt FAAIE SEE2F7AE2F 8 48 (A 32 2 5 7 AE Al A%
T A BIE2F 50k & 1 v 38 & A 1% € A7 Fl (nuclear
localization signal), X 1M # B E2F 8% 4 W 7ENi &
A — AT, T AE S8 (WE2F B H 7ECi 27
A N0 A% E AT B, ARX PR b ) 22 R AE
Uife bR SCAS B RRUe, 7R N 40 e, E2F7A1
E2F8 W] ¥ il [F] 5 5 53 5 — 28 A4, Horp AE2F 7 [R5 —
B RN T, HIKZE2FT/E2FSHI5 — Rk, &5
JEE2F8[F 5 — AR, E2F77E2F8™ il 4 F.(R] E ik
E2F7[A Y5 SRR RBUNIE R R AL, ME2F7E2F8™"
N A EE2FS [ Y — RAR)E A S AR B B
R, E2F7HIE2F8 — JA4 IR % il A it 2 1 49+

E2Fl  NH2- | Bl B B [ ]]-coon 437
| mE B W ma
B2Fa | mE B B [ 11 465
E2F3b T N N | [ 1] 364
E2F4 i I L
EFS [CTH | [ 1] s
o] o] )
B2Fb | N [T Jon
E2F8 | I [ Jso

|:| Nuclear localization sequence

I:I Transactivation domain

- DNA binding domain

- Dimerization domain

I:I Pocket protein binding domain

E2 ELEIEFREE RS REE
Fig.2 The protein structure of mammalian E2F family
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DBD%5 14 [f) 52 # ¥, E2F7FIE2F84) T HAE & — 4>
DBDI 45 ¥ KA RAF, #in] S8 S R 45 & K
A [RS8

2 EHRAE2FEEREFHRE R AT

WO BUB2F 4% 5% IR 7 (1) 3 1K 52 41 J &) 191 1 5
Wi, 32 FEAEG~S I e inF vy Sk, T S 28 (1 410 k] 28Y
E2F /3 T 1E BN o A Hh Rk AR . JE L A E2F
5 DA 1 2 08 B 20 e R B 1, E2F7RTE2F 8 (1) %
SEAEG ~S WG A ) 9 J0G, E2F7FE2F S ImRNAZK
SPAES~G 1k B s 06>, B A SL A E2F 8 1 1) 4 3
(A, JE MR E2FBE R 1 30 3 2152 RB/E2F/DP1E 518
PRIV . fEHeLaS34H i, I RB-E2F/5 5 if i
A _FJHE2F7FIE2F8[H K ik, 34k, JEAIE2F)E 5))
T L EHBFL G AL A, Gt i o 5 FLYTIE (ChIP) 45
R IR, E2F1/3/4/70] 45 4 fEE2FTHIE2F8 1) 5 2l
07200 L 3 ) TR E2F 7 ATE2F 8 ) 2 ik A 2 A 4L,
E/N R IG K B i FE h, E2F7AIE2FS7E U4k rh 3 )
W fa AR B o Rk AN 2 )5, AR R
FRR MR Ik, OGRS FL. R,
Ry 2L 3 47 o Al i R E2F L [R] 32 AR A B PR 2 4 R
KR, RAFE2F7RE2FS A NE2F 1 I #E 3 K & Bl
(), (HE2F7HIE2F8t 7] 455 fEE2F 11 J5 3l 1 b, Xf
E2F 1 (e s b AT 4% . /ENE2FTAIE2F 811 L [A],
E2FI7E 4 0 i A v (1) R 08 S E2F7RIE2F ST 3k 2
HAMES, E2F7HIE2FS[R) I @55 v] SO E2F 14£ 48 i
JE AR F R IEAE T, K, AEE2F SR 1 1 4% )
gerh ) BRVEQF 5 AR R E2F ) 5% S T AR AR B AR 1)
SR FR G, B2 B A SRR I 4

3 FHRAEFERETFRIEYFINEE
3.1 FFHRBEFEREFXEEE L 2R E AN
s

E2F S i R 2 B85 5 1 75 240 i J A 5k
SR RIS, XA EE . BT, SMENIDNARB R
BEAT . SR E2F AR 1 E 2R Y S DNA K i
R R EE R R IA, 25 9 A 3 G ~s T AN
Go~M ) e e R, AT 2 328 4 M0 0S40 Fy R0
R E2F 7y 1 EAE M PR AP Rk, TR S
JERE2F 7> 1 2 5 40 i I %, JC 2 A
M3 AR o 40, E2F7/ESHIA o AN A ] R i,
I 25 G AEG~S IR SR L R K R 31 L, 10 3 T

g Jeti R G 2R T NI 7 (ChIP-seq) 73 AT & IR,
E2F 730 45 55 EDNAJF 41 A TTC CCG CC, 5t
RIE2FR FIAL A ARk . B2F7 0] 45 & 3189/ 1 3 [ 1)
Ja BT AT AR AR AT, FA G B
BoG HE2FE A ML F, 25 TDNAK Hil fl1&
HidfE. HI, £G~Gi~SHAE SFE2FT7IH ik v K
S it BELY CE S, I3 BRDNAS % . SR 1T £ G~M 3
5 FE2F 73R %) 4 o J&] B FE A 2 gl o AT,
E2F77E 21 i J& 191+ (19 4 FH AT B 2 400 1) G ~S B AH G
FEPR 2k, AT {3 40 i 29 FSHACY, E2F7HIE2FS
ThRE Bk T 5 80 7% 2 B 40 i M DNA K il i 2 5
Wy o i R R ek HE FIChIP M M7 B, K EB4rE2F7
FE2F8(Y HAL R RE D) fe B2 5 1 48 )
W, JLH ARG ~SH i A DNA S i) i 2, DL
AR UL, A R O EFRE R T A 2 5
TIER AN 2 240 FE

3.2 EEBVE2FE: R EF X4 E I E HARY
Bz

A 22 B ATAE T AL R B i 2, 2
7 A AR I ) S AL, (BT R B R RE R, HR 5 3
ST 44 B2 H 200 D 303 20 A R R L A L T O
TRITHAEEC . 4R IR A 2293 248 31 1 pE 5 40 i
JE AR %, Horb ELRE AR 9 S . A P R
HH I RREAE 2 0 i e SEARNG A 2 TR 5 48k, 1 ANk N
SR, it 2 RIER A S R, 40P ADNAS
BRE LT, PRGN, BILEAE Y o %
B A Z RIS, 5 R AE 2 40 R ah ) At UE SEAF
TERZ N E . fEW LS, AN & s e T
— e TE A ZUE BRI, G g
By FFAEATEAZ AN, A% 9 S R A B E AT
VAN BIEf . CEAEA R, A% P9 AT BE A U 0 K
ANF RN, A% 9 B ) A BT B8R TG A2 A
M AR 5 SR A 3G I, 25 40 B X DNA B i 52
R, BT R AAZ N S G AH I & T 2 N R R
L, R RS T8 AP AR HT A TR AR R T, (ks
& 22 RV T I IRE e A S T AR,

BT A I FLEh WITE K B f R 2 1l fE v s 2
RAFEFYEZ A4k, W57 2 B 40 fi(trophoblast giant
cell, TGC)s& & B i 12 H s 5 347 1% 1 i 1 S 1k
ZAERIIANAL . TGCIFIRTE T 254.5 AR 3,
I % B DNAS I, AN HEAT 40 f A 4 2L B T
oy %, HERAH & & mTik 21 000 CLA_EP7, fFE2F
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FRFG SR PRI AR EER R, B2 W
W58 G T E2F3ERITE W FLAh A% P9 JE 1A v i A 2
YEH. /DB IE I TGCHE2FIFIE2F2{ mRNATE &
e H K B W B IR B, (HE2F37E 558.5~13.5 d
MG RE R IA B, EIRE K & I+, BE2F7AIE2FS
FETGCH 4 #%i5, 3 HE2FTHE2FS R (A & AL 1E ]
SYTGCHIN A% o il B i 25 4 M i R A Y, S5t
SRS (0SB E2F % s DR 1 A 3R L B2 F A s AE Il
FLBh WA M 2 A5k B AR AT 79T, fETGC
rh K B AR ) 3R R E2F(E2F 1-E2F3)i 14 J& (E2F
TKO), FIA 2 ARG EL 38 n o 1Hs 93 A
T E2FSE IR Rl R B Jo (E2F 7 E2F87), WK BN Z
AR LL 5 R B, 35 HE2F77E2F8” TGCIJDNA
TSEASHETe4C. SIEFHMHLMLL, E2F7 E2F8”
MR LR R 2 TR BB, 15 E2F7
FNE2F8 X L 5 D] (1) % 5 & R AP 4E H . 53 A8,
E2F7THIE2F8 3 1A fik 2K A F B Go~M I (cyclin A2)F
Miti(cyclin BIVFESFPERIEEE R L, I HKH
TGCR I A7 2L A4 2 )5 HHPS,

W 155 288 347 1 JE A 4 B A B 9% 0 B S 30 2
PR, 22 6 A B4 D 1) EU A9 il 6 6 165 1 384 4 T 44
e, 7ERF 4R, E2F I FIE2R2 [ RIETEMIE R B
B B, AR BT T %, E2F317E A J5 Rk iR
WN %, Wi e RIS, ME2F7TAIE2FSTEWT U2 J5
BPFaRERIL . 5TCGAHAL, 7540 M Hols E2F T
PERLBR(E2FT) G, 2230 22 4% 4 M L4510 164, 17
[F) ¥ E2F 7F1 E2F 845 - MR i BR (E2F 7 E2F 8 &
PAHR R AL, kol & B, E2F7HIE2F83R IA Hik 2k n]
A g RV E2 F A 5 R 1Y) 2 389, A2 23k 400 L 1) A 42 9%
ZURE G AR, AN H0H] T 40 1) 2 R A FE R
FiAk, [E R SRE2F TR R B E2F7E2F8™ /)N BRH- 4
JfH 22 A5 AR A B 1 Bl 840, RS B BTG T 2 544
ST £ A AR 3 A B i, AR P R R S R SR E2F 7
KE2FSWI/INRAERTThRE. AFan £ % 5 5 Ik
WANRILHEZER, (HIERBE2FEAZS S T A
VAN 2 5 R (E3).

3.3 IFHMBIE2FREFEMAIETE. S FE
T—HrER
E2F7RIE2FSE NE2F 1 ) $E3E [R], [R] It mp
WATE2F 1 IS 5%, RIEFESANGIE F, W E2F 5K
S FHAAE SRR A ST . 7EG~SHARE IR, B2F1 0]
BWURE2FTHIE2F8 31X, SR J5 TES~Go % 4 T E2F 7

Typical E2Fs Atypical E2Fs

Mitosis Polyplodization
(Hepatocytes TGC)

B3 E2FEERE T340 A E BAE e i A
Fig.3 The regulation of E2F family on cell cycle alternation

FE2FS A # HIB2F 1 (1) 3K IA, M1 % I E2F 175 41 ity
JE W R Y. E2F7 7 E2FS /N R E 11,5 d
SO, KM R ILE2F 7 E2F8” IR G 91 AN A7 7 3 58 i
5, (H5510.5 AR R BN Z AIRIET: . 7%,
E2F7"E2F8 TR HE2F1. p53F0 HAth B 3AH O¢ B
Rl B3R IA T, [R B m PR E2F 158p 5 37T 9500 8 T 4
i #E, RE2F7ATE2FSTE IR iR & & i A2 v m] #01
HIE2F 18X pS3 3 f I 1215 5@ i, A P T i AE
FHCT, FH DN A5 475 18 771) Ak 345 Fob ek 200 P % /) RS
6 AT 440 i, BT % S E2F7AIE2F8 2K (A I £ ik, If
HEE2F 13 ¥ b vl A& il B/E2F7AE2F8 1) 55 £E .
it X IEE2F7HIE2F8 0] 4 | E2F 1 /1) &, ME2F7A1
E2F8 A Bk 45 i BRI AF E2F 1 AE G sk R A, &
S M AR 5 TE U, HEBTaR G I RE T N
Bk B EANHIB2F 1R IA 2 4b, E2F7TFIE2F 8k 1] 3% 4+
PR 25 A B2F 1 (1) #E L B, o) S 8 T ) RS, DA
A5 R, ZEDNAT/E2F 1 3 (K 40 8 T2 i FE
f, E2F7ANE2FS 2 1 A E2F 13 1k 1) S Rl %, Ik
g B 1 4R T

A AR, RYE2FER (A Th BE 40 2
SNGOIRAN A I D IR . R4, E2FT7i%
PR R AL TG B RE B ) f R An iR, S HAT
DLFE PUE2F 15 S 3G i A T2 E . RAFE2F7/E
£ AN R R B A AL, (HE2F7
HABEREPIE2F 153 B 0 AL AW 4 L, 1 BHE2F 74E
19 5% 200 H 3 S A B2 F 1388 1 S 1R T A i 18 i, (L
E2F71%5 S 20 f 7 A H AN TE2F L. 53 4b, fE4K
ANEEFR A A R, A0 ) A . AR TR
#i T E2F LFIE2F 7RG ELfgl . R, E2F7RIE2F 12
57 £ 5 4 A PR B R A Ak AR
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34 FHARFEREFERELEHHNIER
E2F7MIE2F8TE i 4 Hh (1) 2 14 B 18 i T R i 41
21, H A AEHE2F811) 3R 1A 5 Bl 5 4 57 2 41 i (glyco-
gen trophoblast cells) /3G 47 5. 53 4h, E2FTHIE2F8
A LR R A 2K B 0% 77 2 40 i (labyrinth
trophoblasts, LT). ¥ 45 7K1K % 7% |2 41 i (spongiotro-
phoblasts, ST)YMITGCH . 5 1E# /N R A L, E2F77
E2F8" /NG T A R AR Bk b, B B3R
A F7 2 20 L SRS B, A e AT RUA2 N B Ak it g
YL A W Bk Fa, G LA UM I 1R /D W 5%
B BEA R IE (0 1 52, TGCHISTHDNAK il filfg £
I3RS T RAA RN, F HST A 1 T2 41 iy bt 45 B
& BT, UBHE2FTHIE2FS S 5 T/NRIGRIFI K B it
o AW EE2FTHIE2FSTA 1 HA & & & W /E F HLHI,
CVEE ST 1 /N BRAS TR IR A1 8% 77 )= 40 RUE2F 7 A E2F 8 [
IS R B AR, R B B R B STER TG CH FE2F 741
E2F8, LA K STHITGCH [F] B i BRE2F7RIE2F8, X}/
B 55N I B 0 G B K B B A3 W o AT AR 5 AH
HEA A H 23 I E2F T ATE2 P8l Ik (10, 4 4 5% 2 11y
YR 41 ffi, trophoblast progenitor cells), T & 3 4 B &
(PG 5 B BEAS AN LS T sk e, IS EBURARSETS,
ULHATE R 20 2 rp, B R G772 A R 4l i Hh 3Rk
FIE2F7AIE2F8X] i it & B 4T TR 15 . ik PR 3Rk i
IIMTEE B OR, #LA (E BYE2F 3ak S N TR FE T
E2F7HIE2F8 T REf G873 ¥ [FII A BRE2F3ar] 24
EE2F77E2FS /NG 3 i B R i R A B, kB
IEH R R E, HFREME2FTRIE2F8 R IA B 2K IR
JEAFIE B i, Rk, BUBYE2F 5 E S RVE2F 73 1
(3G SR N 4 5 IE 8L 0R B KRR A7IE 68 71 5
WA
3.5 FHARFEREAFEMELE PRIER
E2F7FIE2F8AE N MB2F 5K ik ik 3, X E2F#E
BN T R MG E R . E2F7E2F87 /N R
RNz BV BRYE T K 7™ 5 1) I T B o [
i} i fp S 3B E2F 10T 16 R 4m i o 723 AR, (B 347 AE
% % & S, U BIE2F7RIE2FS /] fE 3 i At 75
X5 784 RIS, 2 MG K E B E
A ) B IR 2R I A R AR K R A(vascular
endothelial growth factor A, VEGFA) n] 35 L& P B2
Y I VEGF 32 AAFLK 1 FTKDR, M A2 2k 4 52 41
LT 5H . VEGFARL R /) B2 I 8 I iG S0aE A+ 7™
ML BRI, 68 VEGFA & I A i 7% o i o

R P, E2F77E2F8" /N §, HVEGFA SR ik 1] 12
T SRS R AN EIE AN, E2F7RIE2F8 AT
WS VEGFAZRIL . SREHIESE, E2F7RIE2F8 1] B 42
5B EVEGFAR A 31 b, FEAMKEE T 3L 8 () E2F
gEA U, TR E s S VA % K F L (hypoxia
inducible factor 1, HIF)JE il % 5% B & W) 3 45 & 7
VEGFA J& )7 &, ¥IEVEGFAR#E 5%, Mifi fie i3t
I AR (B 4)..
3.6 FHBR2FEREAFAEEMARSHRIIER
RBIR T 1 28 3 (1) g 0l IR 7 2 4k, 36
Z 5 AR A, R A R R . RBRGRR
(RB™)/IN BRI 5 JEE 1 3 1 AN & & i o 3K A
R A A A 40 ), 3 I T 40 B AR RBA S 1 R
Br/NBRER BN ML, R EERR K. AR
K2 AL L 38 0 3 AE FNB bk T 4T 3 4 2
FFMAEAT, T A5, R YN BRE R AR AR I,
RB 0] {5 4 iR H 40 i J&] B3 9 2 5 2R R Ak (1 A= 0 &
BSCRAR T 2T 2 o A o1, E & 1R 340 i, RBZR (3
IS E2FE A A 1 S B0E S S 2 A, T 4
E2F X} SHHAH I 5 [A] (1) % s s AR DY, JE M BYE2F
B ATE IS S HIFE 2 &4 SRBE H R A HH
1ER, LRI 5 RS H DR ), HARE2F8%
KRR AN ERB /NI E MUAEIR . RBE2F8 /)y
bl R S S EARALLY e s A R Nl D WS & 5o
(R MURER, U 38 I 2R 487 4741 B 7 A A4 4
A Rt R, (BT HE B B R AT ICRE R . AR, S
E2F8 B A MV AW 2- Th e (ME2F TR b i, HIAS 2
HRB/NRBIZ MR, ARG L R gH, JEl
E2F#5s [K 1 b LA E2FS 5 RBAR (A HAE FH, # i
TEH L M A B, PTRE R4 FH AL e 3 41 R 40
MR (El4). 534, E2F8IE T g S 5 4EFEL
FRYN A 52 B, M7 1k R AR i i B
3.7 FABRFEREFEMBELZEFER
FENAA R, F8 53 E2F 7315 2 Fh g 20 i b 2k
N, T E2F AR [ 0 I 36 PR S5 P 0 B i 4
DA e Stk 441 448 B R0 T 4D A 4 B T A g S A0S,
o 22k R BOE 15 5 IR 40 B 5 22 — PR 57 o H B 1)
T Ve LR RE, W] AR D —Ffr R4 AL 1) >R 41 1) 4 A
RAEAN T 5 A S B 1T 5 BRI ) A
FpS3FIRBHE 15 il B n] 15 4 M b AT B R 1 g
BRI T 40 iR 2 R 7, pS3/RBAS 5l % 57 o 1]
TEESUETEFEAS . pS3RENE 545 7 VE I DNAF 51l 45
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Typical E2Fs

el
\

Atypical E2Fs

Transcriptional activation or
suppression:

G~S transition;
G,~M transition;
Mitosis;

. Cell proliferation.

Transcriptional suppression:

Endoreplication;
Polyploidization;

Cell proliferation, differentiation,
apoptosis;

Tumorigenesis.

Transcriptional activation:

Angiogenesis;
Hematopoietic function.

El4 E2FERETRERIFTIER
Fig.4 The transcriptional regulatory function of E2F family
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FRTAE NI B JER S DR 24t e g <5 PR B 1 244062
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WE @RFTROWEDEMEZ—NZEARZITREEH I LR, FHREN, FRIRFR
(cyclic adenosine monophosphate, cCAMPYE 4 % —121%, A 5if4% % #F ta e dz 5 455, Mz
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PGB EF A5 ER T RO MBI E N, MR mIeAT A . XS IRAL A K 4 R
4 o B R Aec AMPAZ 5 38 34 B 5 2R R 4% 4 JOAT Hy 69 B R E R A — 4734
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Interactive Effects Between Cytoskeleton and cAMP/PKA Signaling
Pathway in Regulation of Cell Behavior

Huang Shuaishuai, Wang Yuduo, Wang Ping*

(Center for Translational Medicine, Ningbo University School of Medicine; Zhejiang Provincial Key
Laboratory of Pathophysiology, Ningbo 315211, China)

Abstract Cytoskeleton arrangements are complex processes, which involved many proteins and multi-
steps. Cytoskeleton rearrangement-mediated cell behaviors are regulated by the protein kinases in cAMP signaling
pathway, whereas, the contrast results are showed in some reports. Combined with our research, this review sum-
marized the interactive effects between cytoskeleton and cAMP signaling pathway in regulation of cell behavior.

Key words  cAMP; cytoskeleton; cell behavior; signaling pathway
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7| i % 15 M (nocodazole) [ 5k 77 fifk 58 5 35 I 4 it
Hhl A 25 R IR, ShirasakaZ5P1R T i FME A
MTAERE B 4 A AR, W52 2IMF K 2 R4 T
H AR A %, T IEEAE LS MTA PIF A6 E
B — P MCE 21 24 O (microtubule organizing
center, MOTC) [n] 4 i VU J& < 55 147 220K 9 4% S5 440, 7
— M2 5 WL Bh B A 22 T8 IR A A T 4E AN L
HLEEHE BN, SR T R 1) /2, MFRE A 7l cytocha-
lasin DACBRAHNIf5, 73 Af T 4H i 5 BT FOMT 220K [ 2%
SERAETE O IR G, T G T 4R 4 Fl FIMT 45
R R R AR A MR S0V E T B 4l )=, MF
AIMTEE I KA BAR . d kel WL, MFRIMTSS
P 28 A HERF AR BAT B A R 43
MFAMTAMY 7E £ € A T 25 7K 52 50 5 0
W YEFRR A N R A A e v iR EEAR A, i A
G5 RBMEIERE. M. R ULABRANGES
fEid. H, cAMPA T 15 5 I8 B 5 4 B 22 2 [A]
FEEM BB S A MG T, &M, TBE
AT B DI 9%, cAMPAK ) 28 FH B BEE A (cAMP-
dependent protein kinase, PKA){E HcAMPAHK i 1) 3=
BEHREA 25 7T XESE. PR R, cAMP/
PKAE 5 5ME KA REEVIMEK, HFHSE5N&
B SE P 4575 3 ) R 20 i B (1] S5 % 4K (epithelial-
mesenchymal transition, EMT)id #2,  #X 17, Huynh
PRI, PKAZ 5 A5 e 0 i) B8 TGF A ] 1)
EL 1A 987 5 5% FNEE i FE . MckenzieZECHE BT 7T
KRB, IEF I GY L AESKOV-3 EOCHH i Oy /& 1 2%
A KREM IS HEPKAR S, IR, PKATE 1% i 71
H8MEH G, 4RI #2351 i, it —balad =4k
I B A0 3L 5 1% 37 45 8 (three-dimensional extracellular
matrix)il B, PKA% € T8 & B & 3F H 23RS
AR T A2 IE 3 T b 75 1. Tkachenko %57 A
Fiit— L R T PKAN T 1D 2 W diis sh AL, i
I, PKAE R B R AL M FHBE RhoA, Rho AR
Ja B 13— D BE R U B Ak, 38 3G 58 5 Rho — 1
T2 5 fif =5 # [ -F~(Rho guanosine diphosphate dis-
sociation inhibitor, RhoGDI)¥145 4 8 77, M & [ 41
HilRhoAVEH 1. DA I, 31X il i 45 Rho A T M () V- 1 AL
H A A AT B € He il Ak, NRNAEL
ARANH PKAKE R ik, 40 ok 250 53 2831 &7y e 22 T8 il
IR, At A 52 FHL, 5 -5 40 B 1 T
BATH AT B TR B, B 25 i i 5

U8 T 4 M Py Ca P9 L, TR 428 40 Bl 1 ZEMIF 1) fi 58
JoT JEE R “ERRMTES 4 1 T8 B, 4101 il cAMP/PK.C/
MARK/CREB{E 51 6, MM H R & Heyclin
A. cyclin DIFIBel-22& K] [ 1A 121, Hi1 1) 40 ff 364 5
AR ZEfie 11, Fe &% SUNME T, [FIRE, 40 g 28
actinMltubulin V. 5 J [K] () 58 15 1 4 {2 2% 400 (1
D)o HER] UL, cAMPHIAN M B 22 EHE D 2 [ 47 1E
LS R . A U HicAMPAS 5 B 5 40 i B 4R 2
YeHED 2 A [ BB NAE — 2538 .

1 cAMP/PKA{S S 1@ X 40P & ZRA0 IS
1.1 PKAZH

PKA /& HH 5 A8 4K I FE (PK A-cat) AT A 1 5
V. B (PKA-reg)4H B 1) A2 A4 . 2 Jif A 52 ) B I,
PKA-cat'5PKA-reg4i £, PKAVE 14 52 il 41 i 52 i
WG, 5 A5 i cAMP 5 PKA-regth £ Jl i #4774 2
R TUPKA-cat, MM SCHLFEAELAE ., PKARTY
HIE 23 T3z, JCHEXTME. MTAAH i A 22 40
KA H AT,
1.2 ¢cAMP/PKA/MLCI&{Z

JILER & 1 %% % (myosin light chain, MLC){E 41 /ity
TR 4HMIE AL AW AR 4o T B AR
MLC3Z WL ER 2 [ 4% 5% I B (myosin light chain kinase,
MLCK)MRhot 5< 4 il 12 i€ & & 2 1 #liFRho as-
sociated coiledcoil forming protein kinase, ROCK)f# &
1k, 183 S5F-actintf BAEH, 251535 1 4 45T 1%
ARG BEREIC, ATV 4 A O L is sh0 7, A5
7t % W], cAMP/PKAE 5 il id i FTMLCKFIROCK
W, 2 5 WEMLCH S 4 Mg gh. — J7 I,
cAMP/PKAfE 5 il it % 1 14 -k JIis B C(B-PLC), 411
il] = 1% B2 W1 B% (inositol 1,4,5-triphosphate, IP3)3Z {4
wEPE, 25T A N Cat B, AT T B Ca® /4
&R, 455 IF LIAMLCKIE 1, 4 75 $MLCHE IR
oK BT, 55— J7 T, cAMPA 5 FIPKA BT
AT DLE i 0 i Rho AT P, R 1 H T Ui RS 4 1
ROCK ] ¥ 4, M1 410 fIMLCH 2% B 1R 4627
I, MLCKMROCK i 1 %2 PKAME 5 i 4%, 18 id i
FTMLCHE IR A4 7K 1 52 i) H A 5 1 48 i i 428 )

Bogatcheva®5:2227E T FTMLC S P B2 41 fo i
N2 T8 5% Z I R I, g 2 B (lipopolysaccharide,
LPS)il it 75 S MLCHE R AL, 12 3t 240 i 388 32 14 19 T,
N5 S N B DI RE; AR, ANRNAF AR U ER
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Fig.1 CREB mediated cell behavior

MLCKELROCK2FE R K35 5, MLCHEFR 7K 7 1,
P 7 240 A 3 AR S R, R, AT
LPSIE I MLCKAIROCK 23 7% MLC 1 4% 41 fifd B 42 2.
HE, N N R 40 IR E T, M I 5 P 40 5 e T
fE; BE— bW AR L, AC/PKAUE 7 5 T LPSH
S0 ERE R k] WL, cAMP/PKASE 5 i it i
FEMLCKE(ROCK T 1, 2 1fij i A MLCHS IR 14 7K F,
WOR A0 - B HE, {232k P R 40 B bR R D e
1.3 cAMP/PKA/ Racli&{g

Rac 12 5 i #% 4: K F 715 F factin4f i & 42
AV, SRS ROy R RTE . T
W FiRac 1415 1) 40 B 1 28 B HEALE, Logue 59
P 5 6 AR BRCHEK 29340 i A [ F-actin, &
RAHECa™ T 2l — & R FE N, 52 AR 4 e e
(A-kinase anchoring protein, AKAP)%i i€ FIPKAZ 2=
Z 5 R S1Q%E T I GTPRE I i & H2(IQ motif
containing GTPase activating protein 2, IQGAP2), i
%iRac 1% H 2 5 MPKA/IQGAP2/Rac 15 58 &
2%, M 5 actin4H - 22 .

Racl & H BAR AN ZPKA M) ELEE IR 1L, (HPKA
A DL A A A R R 2 R T B2 5 (PTP-PEST)

5 M) 2R SR I T Rac 13 1229, Sastry 2 PITE Hiff
FoH R B, AT 4 40 S P PTP-PESTIE % 4% JGRacl
VR R, AT A ) /N AT AR AR G BT (platelet-
derived growth factor, PDGF)i5 5 ] £l ffg JI5% 5 fit 2 1,
FIAN OB 3G . EspejoiiOE b 3Eflk gk — 2
WH9E R I, PTP-PESTHE R B4 J5 , Racl i 11 2 1
I, AR IE RS BE BG40 AR 8] A B A
§59; M, PTP-PEST 26 M| Rac 1 (R 1E, MM
i gz sh. ki, PKAE S IH 5 PTP-
PEST, MM T Racl /3 A 40 M 22 2502

BBAh, ST SR W, KR 7 PTP-PEST, PKAILH]
DL I P2 1 VG AL B B (p2 1-activated kinase, PAK)
KT Rac VG P28, PAKAE N —Fh 2 R IR/ 75 B
W, £ MR 412 B im R B R, HN-3i [ CRIB
S5 03852 Cdcd2/Rac G 1k, 175 3 i 98 41 o B 42 41 4
A, JEE BN IR TE AL R 2, BERAHE SRR, T
T FEPAKAE ifi s AS49AH fu 12 28 T # w4, A%
FH/NRNAT- P A 1) 41 i P9 PAK S R 3R 08, R
I B RN AR 4 22 B R Rk, acting 4, JaE 4T R
Y ERZ 2888 771 Nl A, BaumerZ:BUAIDel 252
KIL, B1-PAKAZ #:[X-T-(B1-PAK-interacting exchange
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factor, B1-Pix)ifl it 5PAKE & J5 I il B A 4K, WS
N5 Cde-42FRacl, 755224k D A, MTAr
SR AN Y BOR 2 28 . Chahdi %M FH 52 £ 58
A IRARWASK (T 2k HPAK S & BE 1 B1-Pix SH3m)
FIL238R/L239S(H L GEF & 14 f)B1-Pix DHm)4b #
N /NER &R EHMCZH i, & M Cde-42F1Racl £ H
BIRBeMeS, it — D it PKAE & AL S 7T
& P, PKAJE i % FR 1k B1-Pix Ser-5165 Thr-52617
A, NS5 G PAK R IE T fE . X el R I, PAKZ
PKAVE I 38 i 1 4% 5 R 4> FRacl, 788 41 i
R FI R PR AR .

1.4 cAMP/PKA/RhoAi&RE

Ras|m] Y7 5 K] 5K J% 1% 51 A(Ras homolog gene family
member A, RhoA)EN—AN/NGTPHE & A, 8BS
HMFBIBROCK R 5, Z 5Bty 2ias), I
175 S 40 L E A2,

RhoA % 5 1 41l M iE # 5 MFE HE % 1 AH .
AT 700, RhoAYE 4N LT 2 5 1 45 41 i
J8 T AER T R, HSer-18847 £ A LA B #3252 PK A T
BEAK . BT SOk B, PRAF G40 B A B2 A 27 41
RO RS, T 340 % A 12 3 I B0, SR
1M, XFE FH 4 G14V RhoAZH i AL 0 58 A8 44 iy i
FEPY, JonesSEPIE M 7T R R IR, BT A1 B b B 4
i, PKAS 5 URhoA Ser-188%k i 1k 75 & #h4 N
43 Wk ¥ 2% B (neuroendocrine-like phenotype) i i 43
b SR, X FhAR AL ZZROCK AN 1171 Y-27632 1 i¥i % .
AT R RN A, PKAGE i 3% iR fbRhoA Ser-1884 &1
I RhoATE P, MM #E— D #IHIROCKIE M, % %
755 A0 MR e b R B A3 R 22 P TR R
R, JiaZECTYE B SO M B 2 Rl A B e 4t I
PR 240 Jf A Tl e ) 4 T B R R I, 1 2 B
PEHI ] T thrombini 5 FIcAMP/K -~ . MLCH#
PR 4K 7K - 338 0 A0S 7 7 4 7 Jl, T R B2 PN 2
S M 38 P, R P R A B RS D) R SR, X LEAE
FH #Rho A B ROCK ) il 751 iy ¥ 4% o At AT TR it iA A,
K B W 38 3 ) B cAMP/PKALS 5, M T #1 #i]RhoA/
ROCKIFHME, 5 2830 Hthrombinis St ) P B2 40 i 25 7L,
Ihfit. XUEIRIER Y, RhoA/ROCKAE 5 EPKA 1%
YHRAT RIS AR T T A

RN T B, 1E 1T 7% 40 Bl 1 Rho AVE 4k 3 7]
1 6 S A A2 Bl A7 TR AR, TE AL TR ho Al 1 1 5
TR IROCK 1% P, I T S B0 22 20 R o 1

fiti(LIM kinase, LIMK), fix 205 22 1) 25 H (cofilin),
I BT A 4 A R AL AP, Aslam SRR B,
cAMP/PK A i #il #1]CPI-17fIRhoA/ROCKAE 5 4>
T, WEMLCK, R MLCE MR AL, 32 il i i
SRR, G N B AR B R T RE . RN FE R I,
13 H A2 (intermedin) i i 17 N ik 9 52 40 B
HUVECs[#JRhoA/ROCK# #% {3 14, 275 FMLC
Tl R A 0 B ) 2 4 22 (1) /D, 5 B0 Bz 41 i b B 1
RE G . BT I, cAMP/PKAE i RhoA/ROCK
BB T T M gE .

1.5 cAMP/PKA/VASPi&12

ILE 7 7K 13808 25 [ (vasodilator-stimulated phosp-
hoprotein, VASP)/&Ena/VASPZ [ 5 i 1) 3= ZE Rl A,
ER—FMBhEAEEEA, B 5siEA 2
PRRSRANER S, N FUMT R E SR T
SELOR T, VASPEEN T4 A S Re kb . B4 4%
b VLR 4H B BB PR E  X IR, 251 4 i
B S ORI & PR A MR AT, G BT 4 4 R ) I FS
I /INBR P 2R SRR b 22 200 B 2 5% PO T 1l 2

VASPAE NPKAR — /™ B iKY, fEactin4l /i
58 E SRR A B AT B ) v AR 4. ZhangZ5 Y
TEHF 75 PK AR 4% () VASPAE 41 i i 7 Hh 11/ FH AL 1
HR I, AL R FPDGFE i % FR L VASP Ser1574%
RUBGE VASP, I A BE 5 PKA FIGE A1 52 40 it
B R 1) 024 B, SR, #5 Y VASP-S157A G i 5%
T ERIMR, Kk, i A1%)5 0 A, PDGF#E i BUE
PKA, i3 17 34 I VASPH#E & 16 7K ~F, fie 23k 40 i 1T % .
W e DGR — B K I, ROy R R R
Wn, VASP R & RE T T4 M R 2 i, #
W RPKAFIAKAP 45 4, PDGFi% S (11X SL 3 5 4
Wik, B, AATTIAN, PKA 5 AKAPS: & 3351k, 1
BEVASPREFR AL AN E A T O R #T %, 5/ FPDGF
FESFHN TR . Ik rT 0L, VASPTEPKA/ 5
IA AT AR T R AR .

LeeZ5™5y T W 70 VASPAE — i i i ¥ (adenosine
diphosphate, ADP)5 3 JI it 41 [ 5 48 4 #f 3 3 F
Pt A, B S ADPAE T I R 4, &% B0
ADPHEE PR IE I 48 f Y [ cAMPIK -, I H i 3
VASP[#)Ser-15347 sUBEFR AL, RIS £i [l 25 i ot 48 fifa s
YRR IZ ) 1T ORI A fb e 3 5 . LV, AT 40 53
15 FHPK A1 1] 7/ H89 MIPK A 13 5 38 % 18 5 7] forsko-
linfE I T-BV2JR BT 40 A, & ILHS9 1 {2 2 1 il VASP



1022

B IR A AN A B A AH %, forskolindf A PKAJH,
VASPHIEBRAL /KT T 5, 240 B B8 45 R e sh Antath
PR N &a, A TEE NRNAF AR ITERVASP
FEHRIE, RILADPE T 1) 4 i B 48 94 4 12 2h #f 12
Z 0, % WIVASPAZPK AR BRIk I 4%, 7EADPS &
(17 £0H i JE 8 45 A 32 31 1) T o R e e 1 o i B A
H.

LebrandZ5%0 1 HF 92 Ena/VASPE [ 7E F Ik £
LR R TR BT R FERIVE R, B JeAR4E Ena/VASP
A MEVHIZ MR, #4385 R 5P 45 6 1FP4RC
L TG R, IEAE L FE AL b 43 0 ) EEFP4-Mito (K
Jfl N Ena/VASP#% £ 22 4 FifA). FP4-CAAXCK LA
Ena/VASPH% v 22 21| Jf Ji5) A1 AP4-Mito 5% A% % {4 (FP4
R N R RN S R RN AR, & RIIRE), ks
g D 2 oA M IRl I S O E AL S . SRR
B, FP4-Mitos 4L )i, 402200 /& Alactin{IL5) 2
LR S AR R L S 3 R, I fEFP4-CAAX
YL R AR I #E— B0 AR, AP4-Mito’% 4L f5
fig #t forskolinis T 1) 22 4K O /2 A=K, #H 2, FP4-Mito
A PR FE S IANHIAE . LA L, Ena/VASPZ 5
PKAS 5 Jactindl ffl & 2 P 25 8 3% .

1.6 cAMP/PKA/LASP1i&1%

LIM 5 SH345 #) 8, 2 1 1(LIM and SH3 protein
1, LASPO/E N — B E A4 & H, HSer-14611
RUZcAMP/PKASE SRR, 25 R4 fu& 42 4F
YEHEHINU . Zhang IR 0 R TN, eI L R il
FE RN RLASP I DR g o /I BROBE 2R, i 455 28 /N B
Ejx FALASP1(+/+) M L, #5345 18 5 A8 F1 5 B g 7
FBE S8R, I HRUET-LASPI /)N 5 2T 4 240 P
(embryonic fibroblasts, MEFs){E 14 71 % 77 b} 1T # fig
715 NhBERE ) B 5R, B RARBKFREF
Bre B, AT, LASPIZEMES ) S 1 41 i 35
AR LR, AR AT E . ButtZU8 1
FLLASPIAIA B 4% 7% 2 18] 1) ¢ &, @i # ZLASPI1
S146DHE 40 1ok FR Ak TR A8 A4, e Gt %8 7L IR J PTK -2 4
M F 5, P I A TR S A I, LASP1 S146D#5
PO RRL AR 5 N A E R R 5 X R AR LE R
W T25%. 3E— B 5 KB, LASP1 S146DH ) i
i A AR A 8 e 1R 20 ik, LASPLER [ M Db A2 BT 2%
ARG EA T B MR K. KeicherS57E
FLLASPIFIPKAN ¢ R BT I T 2RI &, fih
A4 FHPK A I 77 kb BEPTK -2 40 it J5 % B1, LASP1

AN EIEE A 2RISR, MVLshE A2
HeF 46546 R R A AT AT 2R A, At AT e o A4
LASP1 T15S6ERE Ui R 10 98 A8 4k, % Y 22 20 il J5
I, LASP15jF-actinff) 45 & B8 /) W35 N % . 25 LRTIR,
LASP15ZPKABEEE {t., M e b oo A% o441 i 3 e 4ot
AN SR E AN E R I Th AE

LASP1I& AT LA 5 45 B 2 [ Krp B 41 i B 42 45
&t Hpalladingti &, Mo 308 2 A KA i iT 72
1230, Spence®FSIERFFTH KB, B R SH3 L5 H4 3T
LASP1AZ R4 i, O i K 8 5 0] HEAH BL 2 35 4
i, I HARES St uz ), MRrIERaE ) B3 M
TR A, B NRNAT P E AR VTERKrp 18K,
HLASPIFERNRIXFFWRAET LRI G il G
R A — D0 AR I, Kep FILASP145 & 91 5%
T B SF-actinffy X3k, K, AbA13H#EM, LASP1iE
It HSH34E 3k 5Krp&h &, 2 5 A4 41 1)t 2 28
2 5. RachlinFE*7E B 78 H & B, LASP Lig ik
actinff 3¢ & M palladinffl BAEH, A A ML SZE1L
Mz s, AT NRNAE AR T ERpalladin
RIERIL, KINLASPIEREE T35 58, AR S L3N
LA S A, Do I IEE s A2 9] . et mT 0,
LASPLi#id Spallading &, /1508 /2 A K F0 40 B
®izs).
1.7 cAMP/PKA/adducini&{®

P I 1 (adducin) £ 9 — i 40 fa J5 1 42 4 1,
5 IfL 5% & A spectrin-actin & A 44 2 A B0 1 45 & 06
P, I H AN N A2 spectrin-actin/ ™3 A 20 it 551 42 20
PRy EtY, B R, NIRE E ZPKABE R
b )5 REGE BT L Bh B 1 SR A, i o5 2 Al oy B
HHIZhEE . Matsuoka®5Ch T HE 7L WIE B4 S
B O T A acting fRE 22 ML, 8T AR A SR
iE BIPKAFIPKCH) e R 10 N e B 11 3 — 2B Al 7
R, PKABERE L U 5 v B3 IR IE A
5 g 4o} 5 A fodrin/actin & & 74 1) 45 & 0E 1, FE(E
4t 5 1 HactinfAH FLAE FH, T PKCRE R 10 N i &
G L ThAg. Rk, PKAE BERR 1L Uk E A
I H 5 e S AR R A, AT 58 1 spectrin
5F-actinfJ &5 5 1EH .
1.8 cAMP/PKA/04 intergrin i& 1%

od¥E 5 2 (a4 intergrin){E N —Fh N S A AZ S
1 4/ 356 U 5 B I e RS2 R, e I 5 A i A B
H (paxillin)FBCAANEH, /- 40T #IE8) . LindE™
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WU I, od%EE 2N N S I8 515 5 2k i
ARG RES, F TR B EMFL 4 HE 51 K A o
2, BE LRI R . AR, BN ad B R AT
EAE WG, MRITHEE B R, Hanf5E
W Tt ad B 6 2 FNGHBLIE A2 1) 00 R R I, adBE5 3
Ser-988f. iz i H SR M4 A, M@
T oA B G F AL R 10 T AR 04 BE 5 3 S988D,
LS RN, B SRR EOMNS G
W, IR RE 12 . Rk, ad®EE ZAZ BRI AT
JE SHEER (45 AriE T R A, B g E R .

Goldfinger&sPU7E I JE Al | & I IR N BF AL R
W, adBE A R ZPKABE IR L G, S8 T 10 7% 41 i A
v, FFHSEEAMNSAEELE T, 418
L e a3 . ARATT S A8 R S 1 TR B IR T od
BERPUE, R EERE T BT S
S, T AEBERR 1k I od B A R E A M BE AL /0 A7 T 5
ARG R . FLUR, AT i R g A
AR 04 BE 5 2R (SIS A FLBE IR 1k /K1, Il /2
SEMFE R A 4TI A S 2 R, MRiE R E %
N [EIEE, A FHPKAE PR 7IRp-cAMPEL £ H89
AbFE I AR, BERRIL o4 A R EAREER
# N, SR, ERp-cAMPEY & HS89 A HH ik 47 2 %
RAF R oA BE £ F2(S9SSA) I 21 i Ak Hh A1 A i B ik IR
%o Wa, MATE T oA R RN B AL gl —
ORI, MEER 5 04 %8 A R L[R2 A 00 )i 2% X
(lateral edge) 1214 2% [X (trailing edge); H B2,
PEEE A FF R B A T AR b od BB R BRI B T &
(leading edge); #i Ji, Al b A4) fa ik & % (1 AR
B, ad B G 2 S BRI 5 i) JLAIAE B i 45 B
P, W ESEIIE RS . DA, PRAJE B R 10 A
ffod %53 Mod e 5 RMEE OB AR R, #67
2 R HTS, (R MIT R R T EE R M.
1.9 cAMP/PKA/MAP4i& 12

HHF 5T B, 1 AH 5% 8 I 4(microtubule-associated
protein 4, MAPA) {2t MTA 2%, 71 2 i 73 24 (] BA47 1]
MTH#EE . MAPAENTICEAHOCE A, BARIEMTA
AR AIINEER) . MAPAZPKABERIL )G 5SMTH)
SO R N, SEMTRE M IR, OuZslof
ORI TR B, 5 e 1 S I A2 B S MAP4 R A
K RIEA K. N T B FAMAPA 5 |5 e Jie 5%
R 2 18] (155 &, 1 ] cAMPHGE 75)dbc AMPAE I T A
5% B g8 2 O T24 FIUM-UC-340 fift, 388 i %l J sz 56

L, YA LR AR 2268 0 538 T, MTH 28 W % ik
IR, TR R INMAPARE R A 7K P ir; 2R BRI 5
BiPKA B A MAPA/NRNAT-HUAE FH AT isi % . (R,
cAMP/PKAE 5 il id B IR ALMAP4, MM 3 EMTZH
FLH BRI 2 B IR, it % PO e 4 P 5% % FAR 28 66 T o
1.10 cAMP/PKA/DCXi&12

X R 51 2 (doublecortin, DCX)AE N il & AH 5< 25
F, AR FIARSN S5 b B A A H R EMT., &
HMTE A IE P, ToriyamaZ5PY7E B 58 HH & TH,
PKAfE HE #4355, E i B ZDCXFT . 3t
— TR I, PKABUIE AL B S, DCX Ser-4717 51
IR AL, FEBEE SMTRISE G 8871 T R, it B ae
Jit80n. PRIl R, PKAE I L FDCX R 1L, BRI
DCXEMTHISE G681, Wi iE4n B2

SR, AR SR I, PKAFEAZ SR T4
PR BRMT S5 74 1% Ji . 18 T 410 i 4 -tubulin 28 42
TN T 75, FEAIRMTSE M) I H g5 T
ANERT T BAL 4R AZT, FLIR, Ca iS5 T
JH T2 YRR R PR IRMT S5 M B TE il )i, Ca' !y
FANH] T ACTEEAICAMPIK -, SR1, X Fh ) 30 5
PR CHIE T AEPK ABGE 7 i 4600, py b m] L,
1 il N cAMP/PKC, 11 JEcAMP/PKAME 5 7E 21 g 4
TR G T AR .

2 R 2R SR AMP/PKASS 2
LA

G miA T, ARG S 7 7l P 4
ORI F L, AT 5O A L SR R 2 B R )
Ml 75 2, &5 A JE M2 R R B 2R
M, 54500 RN E A, 40003 ZEMF A 4EHR 51 A
HH ORI 25038 B 5 T 4 i P9 cAMP/PKAE 5 il
H o 20N E SR GE A AR R B JE, HEBE A cAMP/
PKA T il RN 73 1~ 1) A2 A, SR, X A0 A8 4 3 3
SMFLF4EHE B HF2 10, MT5¢ % 1 1% 58 96 A e AR
Fl. COOKZEPYy T M FAMFAIMT X 3 K2 £ 4k 41
(normal human epidermal keratinocytes, NHEK)*' |2
%6 7% 2 (IB2(laminin B2)[)§2 0, 43 B4 FIMFfiR
7 (cytochalasin D)FIMT/# % 7ll(nocodazole)ff Fi T
NHEK4H i, /3 H A cytochalasin DA F &, laminin
B2 R 2 10, T MTAR SR AN TG540 . BRI,
MFZH 1 22T 4 HED BB 2 i laminin B2 & %
F53- 0k, TITMT 20 B 22 - TC 5
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Fig.2 Effects of cAMP-mediated cytoskeleton related protein on cell migration, contraction and adhension

ANTF T4 ZE R 456 c AMP/PK A/RhoA/ROCK
55 B ST VE . Bhadrirajus e B 78 &
B, 40 R 42 K 7R 25 1 AR T8 i ) i c AMP/PK A/
RhoA/ROCK(E 5 18 %, /i F:MLCHE B2 4k 7K~ 2t 242
AT 2 1 B B RO AE B B b e A 5 (poly-
dimethylsiloxane, PDMS)fF] /N L HR 0N il & 41 3% 55
H, HE— e (27 40 A P (EAS 2 DA 40 g 52
AR Y /N B, DA PR 20 B R 5k Sy 4
TR I, A M 2 5K 77 52 BRI, ROCKIE PEFIMLC
IR A /K- 25 SRR A, SR, & 40 i 78 7 il e,
ROCK 5Bk HiE KR B IEH K. IRAWFTTK
B, 41 255K 8385 (cytochalasin DEXblebbistatin)
AR BRI, ROCKIE PESZ #0H, SR X AN 72 9 3% A 4
R T AS A RhOA-V 14 YL T ioi i . i) A,
Y1t B 255K /7 FTRhoA/ROCKAE 5 2 8 A74E S it i 1
B, FEARMIA 775 A0 N A 515 5 I R A i =
TAER . FRATRIHT AR 73R B, A Fcytochalasin DA
IAMFAH B 22 J5, RhoAVE 1 2 2 VE 71, AH IR, FA11
fi FIRhoA it &t 1% 4111 1) 77/ Rho AT 19N &G i7% AL I Rho A
K, R M B SR HE S T B B R . Rk, 4 R
IR YR A A S Rho AfS 5 B B B B R A {E
H.

L5 BRTA, A1 E JEMELF4EHE S 253 5 c AMP/
PRAfE 5 il H A MR .

3 NESRE

cAMP/PKATE A — 4 BEAR 57 X & L5 508
P, WIS 2 AR BB SRR iR
BB S AN AT A (EI2) . AN TR % 2 TR A AT BE, 4
FREELY TR AT R R, SR, IxX e xZ B 42 A
BRI T UMFAIMT N B2l i B 22 2%, 2 51
IR R A R R R, 4 B 2 HES
DSOS A4 e S R 4 B 1 S S T gt B R A5
WATER . Rt SRR KA R
AMPFIZH B B2 2 (8] (0 EL B RU8E, 53 b Ho e i
B B TE 0 20 T B, K AR Z B 1R 43 T AL 25
S8 JEA, TR A A D N 28 T34 v JIRAH S R A [ 2
VIERALHT L
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Abstract  Although protein expression is regulated through genetics and epi-genetics, its function is deter-
mined by many factors, of which post-translational modification (PTM) is particularly important. Protein modifica-
tions are precisely regulated through a variety of modifiers and de-modifiers, most of which are yet to be defined.
Most physiological or pathological processes are usually regulated through typical but complex and dynamic PTM
patterns and networks. Reasonably, proteome of PTM is more precise to describe the physiological or pathological
processes of cells at the molecular level to clarify protein functions and easy to find out biomarkers and molecule
targets for disease diagnosis and drug development. Here we reviewed some common types of modifications of pro-
teins and methods in PTM research.

Key words  proteomics; post-translational modification; genomics; molecular identification

HEATEPATAMIYRERFEADIRE T, R AP R R RRIA TR . LRl 2 BT 50 AT
IR L LIt A AR P R AR 1 2 A2 T R%%%’fﬁlﬁ‘ﬂ?ﬁ SR A A i i B
P FERALZ M B EUE S RO EYRE N AL AL I EIRPTE, I/ I AR L 4 n A& A
UL NSRRI RS B g bl . LGRS RIAN A RERIEI)RE. Bﬁ%ﬁﬁ%ﬁﬁ%@lﬂﬂ, HAZ AN A7 AE
P RN UG 7R T REM A SRR R IR S5 B R 2 FE K 8 BB 6 5 3, R 935 40 L F) 25 b

Wk H : 2013-10-13 #5252 H: 2014-03-26

K A RBE A2 S: 81071369. 30928031, 81272276) 1 [F Z T i ZE AL tHRI(973 vH Rk HE 5 - 2010CB933902) B¢ W ) 1R

*HIHAEE . Tel: 029-84772368, E-mail: yanzhen@fmmu.edu.cn; jyang@bu.edu.cn

Received: October 13, 2013 Accepted: March 26, 2014

This work was supported by the National Natural Science Foundation of China (Grant No. 81071369, 30928031, 81272276) and the National Key Basic Research
Program of China (973 Program) (Grant No.2010CB933902)

*Corresponding authors. Tel: +86-29-84772368, E-mail: yanzhen@fmmu.edu.cn; jyang@bu.edu.cn

D285 B T 2014-07-02 10:25 URL: http://www.cnki.net/kems/doi/10.11844/cjcb.2014.07.0299.html




1028

A B DL R B R, DA xR R B U A B
JRRVER 1 R 20 75 2 RN KIS A SO 3 UL
BB SR 2 BB U 0 Sh e P R4 D 7
BRI PR 5200 LA K i R e B ) R TS
1T T 253k

1 ERRIEFEREZIHENR

HLEHGPSE Jiti 393 18] 1119954, £ 11 J5t 2H (pro-
teome)— 1] 5t ¥ K F W 2% 35 Williams 1 Wilkins™
P, 1ZYE T8 i (protein) 55 2 K 41 (genome) P
AN 414, =R “proteins expressed by a genome”,
RPN i Bl — AN 2H SR DR 24 P 3 0A 1R A R
5070 OO N BE DR 2L () I AT 1 e 1 R A, s
BT AN ) 3 1 o 21 AR K S0 50 B 1 T
SR, S6F 348 1 ST 2 1) D e S IR Az L ARG T i A
Ao WFFURIL, H A AL T —ASH RS 302
AR RE T, R A B S AR AN [R] I 25T 32 B AN A
DR 22 1R TR 4%, (] — i g i 1) 2R K 535 3, DRUAS [] B
WL ARG B A e AW AR AR
PRI YR T R ) 40 R A S AR
IEH AR AN AR R EAR S A AR A T A 4
WA — AN HH F S LA, (RS [R) 234k () 41 2R 2
JLEIRAG AN [ () 2 1 s

Horp, B SO e S B MR D B B D Re T

(R — e 27 X, 6 H 15 R 45 A0 R D g 4 QL 2,
e i A R A BN 22— Aok, A
RN 50%~90% 1 £ TR A T BT a1, AR
JRBE B ZE BT R, A () 2 AR a8 2 SRR A b4
Bt LA, AT IR A ST B 1 . A
L/RLSTBNELIENY SR 1 IR WER Al E b s & DU ARG
PE, R e T 8 A i ik f g, W
BT B R 2 R R R, AT T g AG I
SRR T 2080 RAR 28 FE IR I 21 A PR o
I, 2 B — AN R — AN R TR Y G R L e Al
FI0E, A Ak T NI A2 v] g i) 5 (1 0200 A 26
BRI, nl RIS 20 0 AN Die R A . H T S & e
I PE S A 1 7 2O 1L 400, 3 DA T I R AT PR
oy ZFEM TG OBk, BEEEL. SUMOAKL.
WAL A EEEE, K151 H T Swiss-Prot Knowl-
edgebase 5 BT 222014426 H T e 42 11 LA SE 56 7 v K
TR PR S A A B R SRR A . SR, AT
CERE N S e IR A ], 2/070%ik A
RNFN, BFEAREB MM IE . ARENHE i 5
RN R BN 55 & B M4 ol i FIAS
AR 2, AN AT R anOA 1 R A v FE R AL, 1M
MR L. N-07 AL . N-Z B S )8 Tl i i)
B4, 25 BB A A0 B 0 A2 BER A R0 A0 F PR 858 A8 41 14
Az, WS 240 i ] AME S AL B IR I0E 1A H,

1 EQFREIFFIERSTZ (http://selene.princeton.edu/PTMCuration/)

Table 1 Frequency of post-translational modification of proteins (http://selene.princeton.edu/PTMCuration/)

IES AR BN Bty

Frequency Modification Frequency Modification

39 818 Phosphorylation 156 ADP-ribosylation
9119 Acetylation 140 Citrullination

5976 N-linked glycosylation 82 Farnesylation

3181 Amidation 81 S-nitrosylation

1774 Methylation 63 Deamidation

1698 Hydroxylation 62 Geranyl- geranylation
1338 O-linked glycosylation 57 Formylation

1136 Ubiquitylation 52 Nitration

921 Pyrrolidone Carboxylic Acid 39 GPI anchoring

595 Sulfation 33 Bromination

503 Sumoylation 29 S-diacylglycerol cysteine
413 Gamma-Carboxyglutamic Acid 21 FAD

348 Palmitoylation 9571 Others

184 Myristoylation 67975 Total characterized
156 C-linked glycosylation 77 546 Total processed
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SiAL, DAL, nlREBERR AL B T M O- R A . N-1
FRA TR % R A FNS-BE IR 1L DU SR ()P, W92 Kk
I, Hishr 1R A BEIR AAEA  % vm T- Tyd!e T4
Sk, B W ALK B B AR T B AN A B AR ) I
Ji, R 11T B A A ST 1 1) 6 e IR RIORS |
133 TR AR, SR W AT R X SR AL 2R 1 TS
i A LB IR 0 11 B 1 T — — X N T AR
SR AZ AU ) AR SR ) . Tian %5 7E — U 51
P R AR [ 0 2 2 )2 T g B Y i e B 1 R

WERAAEAMREAT 20 M7, ZWF 9 LA A1 069182 1 il
WO AR 5184 1) ot i A% L X AR ) ——
W R DY 5 R R BIEF00) G, R HITIO N B8 IR A4 STk B 2
177 & 4, JFH H2D(SCX/RP)-nanoLC-MS/MSH; AR
HOEAFE] T 1 008/ HE 15T IRI2 238 B IR A B T Ar

T MR A AS M L AR A0 AR i 1 Bl 1) 25 A T R,
Ln A 5 F R Na" =K - AT PRS2 1 ik R A 428 1 4l 125 1
VRS - 19 M PN R B Sre SR Ty el B 110 2 A4 A2
B IR TF OG7, A A S o AT e RO T Ui
B ZE 0 o 5 U 75 5, CDKs(cyclin-dependent
protein kinases)iX — 2 Ser/Thrifd [ & 75 B ¥ 15 Cy-
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A B 1 A0 1) 3 P 7 EEN ADPHAR AL 5 (1) B R A 1 2,
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PRAAE M o
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R S FEEAR AL Bl N- 2 R e . AR 9 22 1 5

NHJ NH3 0
(A) o B I I
" C——NHy ?_NH_P_O
O—p—0- II‘IH NH O
| CH, Phosphorylation by protein kinase &Hz
OlH . \ . 1% CIH2 Dephosphorylation by protein phosphatase CIH
Phosphorylation by protein kinase | | 2
CH2
Dephosphorylation by protein phosphatase qH2 THZ (|3H2
a
N/ CH\ v o /a({ ~ 1 N N /aCl{
NH CcO NH co NH Cco - NH CO/
C o]
© i (D) o
o—r—0 I
| 0—p—O0"
0 [
COOH | SH S
Phosphorylation by protein kinase |C= 0 | Phosphorylation by protein kinase |
CH2 CH2 CH2
| Dephosphorylation by protein phosphatase CH2 | Dephosphorylation by protein phosphatase |
/aCH acH ;CH acy
/ /
\NH \CO/ \NH \CO/ \NH \CO/ \NH \CO/

A: O-TIR1L; B: N-R1L; C: BEILBEIRIL; D: S-BERAL .

A: O-phosphorylation; B: N-phosphorylation; C: acetyl-phosphorylation; D: S-phosphorylation.
Bl iR RN SRR EE
Fig.1 Schematic diagram of phosphorylation
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HER B 2B (8120), BFFER W], = Fh IS AL Rk o A
AILE AR Rk, B B SR SRR

(A) (B) ©

\ \ \
Man Man Man

\ \ \ \ I \
GIcNAcGIcNAcGIcNAc GIeNAcMan  Man Man Man Man

N\ NN S NN\

Man Man Man Man Man Man
Man Man Man
Glc‘NAc GlcT‘\IAc Glc&Ac

—Glc‘NAc Glcl‘\IAc GchIAc

\ \ \
~Asn-X-Ser/Thr~ ~Asn-X-Ser/Thr~ ~Asn-X-Ser/Thr~

E2 =#AREN-#EEL IR LB SRR E
(IRYES 5 Ak [12]204R)
Fig.2 Schematic diagram of three different N-glycosylation
type (modified from reference [12])
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PWEAEH
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A Lys i e 2 SEAHE LUK 5 I 8 1 BINCR i AH
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iR TR i R A T R Tl V2 21— I AR R
4;(ubiquitin proteasome system, UPS)HE47 (117, /-5
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7, SR R R AN [R) D BRIR A, TR 2 40 L Y
(1) 22 P A B BN 3).

ATP AMP+PPi @ @D <
A
)

Q

H
)

Degradatione—

E3 ERRRZRELERERETE

Fig.3 Schematic diagram of protein ubiquitination process
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TS G 38 50 (12T 7 H AR,

MPWANRZZZREBERBHNEARESY
2 S0 200 P P PR R 2B R G AE s B BE R, LE
LR . T SRR I DL R BRI s A 2
FE MR, Frol— Bz 2B MRS T 8
AR W] g g R AR &R e 1) & 42 Rk, UBL
REWERITT MRS — FHEFREEZH
TR IR 254,

2.4 SUMOf‘L

bE A iz FA RIS, B KA TG R T —
Ly AR, Hop/hZ Z A KAB M4 (small ubig-
uitin-related modifier, SUMO) & fix % W@ H 1 — 2%,
SUMOM. 57 B ik FEAHL, Bt — A2 S
L5 B I N, AH AN & AR S 5 1 g 5 A AN TR
158, SUMOMKIE M Ll iz Z B i 2 — 20 ik (1)
I FE, BISUMORT /44 SUMO K [ B (T Ulp 1)K 4E
T, C-uii (R4 (B AN 2 LR TR A DI B, AR Bt
fFISUMOJT % H C-3ii2 M Glyhk JE . %5, fESUMO
TRIEACEREL . 454 BFE2 R 7 2 BEE3 M /E H T 5 1k
SUMOA & it 2, I FIXAN AR il Wi i, B 2%
SUMOAP2(1814).

DO D@ @ T

Y, &

AMP+PP1\ /

(o)— s

20124, Sk H 48 [ By 31 A= M4k 22 i 5T Bt i i 5
N 53 LADNAXURE W 5408 S AE R 61, filfdt T 2R2 ik
FISUMORIAE B AL, 47 Hh 8 1 2 18] I SUMOAL
16 11 52 € AH T AE H /& FHDNAS & SUMOGE $2 1 f
1k, I H L EEDNATE S 1, 1 H A AR B LA e
5 ISUMOAL B i, A <3 id ik K &l fDNAE
2, R R AR I, FFFEA BHA A SUMO

Aef REH T LB B, SAME S e A 25E

5, X WAL U, SUMOAGAE M ik -t V5 e #E 17)
— A, MAZRAE D, RS e R 5
PR B0 00 Geff D Rs e R

SUMOAE i AN 3 2 1 BT IR B, (ELAR SR 0T
VFZ AR R E SR . D, s e
JF AL AR ELAE T 5 e A 2 1A 40 L P R 3 AT
PG 2= R A 3 B et e m
fase tE%. BhAh, SUMOIE s B % Fh 7 2\ 2 5 DNA
SRS 52 DA R e s 8 1 R0

AKCHE PR 2 — B U SR DY, L3Rk 7 ) i
I B(protein kinase B, PKB)H. 4 Ser/Thri i 7% 1,
E k1 JIg 5% UL I -3-33 i (phosphoinositide-3-kinase,
PI3K)f5 5 % il i M5 220 1, CAEVFZ 8L
J g AT 5T R I I BRI AN I IR K,
SUMO LBt — o L i) Akeam L], PRI, Akt
(FISUMOAL 1] 5E 4 JHE (1367 52 B R i
2.5 ZHEik

R SR A AE 1 52 A5 40 6 A2 B 25
D71, AR TR AT Y (A4 5 R (1) 5 e LA KON A N
s BT IBOE T, 25 T AR,
fE Sl . B E B PR A 4 A AN
I S AE IR G R S 2 AN A B B R )2

()

El4 ZRRMYSUMOKIEIRTRTRE
Fig.4 Schematic diagram of protein SUMOylation process
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. 20124F, T MK A8 iy 2% Bt A L BUR R A
TESciences i KR L, #7n T 8 i LWL & 1
X A0 B R A ) A AL, B H AR S A
Esal DL 25 Z AL BER pd 338k 1 5 1 I 2B et a
HAtg3 ) S WAL KT, My SEBLGT 1 W I 7 1) 8 24
R,

H iy SC kIR IE 1 S B A A4 = B — KK N-
Uiogd Bk L WAL B (IS A) Lysf A7 2 3 k(&
5B)MISer/Thrft] Z Btk & 1fi. 20064, Mukherjee%5”
T8 3k B B 9% IS R AR TR 23 A 1R BE 1 BRI F- Yop TR 4
JIMAPKH 6 FINFBA 5 i % (1) BH W 4 FH & 30 T
LW AAE M ] DL A A 1 R AL A& T 1) Ser {7 A3 I,
M 58 S B IR A T R T P15 40 s 5 % 5l
Mo HERAREIE BB IR AT n] BE & —Fh R 9 Ak
BAAAE T EAZ AR A i B 51— BB 42 1 28
Rk LA AB A 7E Az B 3 A T 40 TR 2 1

Bl R — AN, BB Th e T H 4R
HHLE K 4 i G €00 A 285 460 PR 5 e LB O0T A% 1A e sy U 4
Rl OS5 1T e AHE, &2 HOR S (R RHIE N D1 i
T AT B AL AT ST RNAS [ P ol (1) A R 20 B A 5
R, AEAEBRDL T, FAAEAE K AR A% 0 £ 1 B
LA B . E RN BE LAy B2 B E B B
R HOR AR R AT R T BA I, fEvb 1)
I B (Salmonella)yt, AF A XEAS [F] B J5 0 g 3, Hh
ARUNBERE ) V2 1A 22 S Hh ] 3 S WE4h, FECERE 41
J A KR () A8 A, ) A I £ A DR Al
i m] DA sk BT/ R 41 i R A A R SR e
3 T BT [r) A N A AR A P2

@,
CH . 4
Acetylation by NATs /C cO
Neo” | N R Neo | H\NH/ NCH;
(B) GHs
. Go
i N
CH; CH,
Cle Acetylation by HATs R CIHz
CH, h Deacetylation by HDACs (IJHz
| |
Cl‘Hz CHz
a o
\NH CO/ \NH \CO/

A: N-Sijozd 5k Sk B: i iRe 3k L1k AL .
A: Nterminal acetylation); B: g-amino group of lysine acetylation.
E5 ZEtiRME3ERE

Fig.5 Schematic diagram of acetylation

2.6 BHEK

Sk i A P A5 0 Cn S- I 7 5 Y
I 2R FoRs A fhe A0 e A8 B AL S ) Bk 7R, i
PIALFEAL IR B FIIRSE . 19644F, Allfrey %52
T IRARIE T Arg AL, 7EBE S BT 5T AATT R I
TG T3S Feskimth. B i 3455 A dr ek f v
RAEAE LA .

T A AG U A R o A B I 1)
ERTR, R R I s MR R Ak . 6 L 1)
F L Ab R A2 #ELys(Bl6 A) Rl Arg(Fl6B) L, 434 4l 55
I Lys/Arg FIEALPIRIEEZH B (I Lys/Arg FEALEY, 4
Sl E ARV () 2 11 0 Ly's FH B A0 B FH Arg PR AL R/ 3
RN FEAR I — Rl nl 0 e i R, 25 F AL
F2 BT Lys' 1 25 F A0 I R0 6 1% Jumon;ji 45 #4358
(R 5 L B K

R T B AE A  n T S AARR g, I HLEX
AT AR R AL EIA, 2w T SRk, '
FURAE AL 5, A4 T IEE ISR R 45 MU, vy LA
Gatid B 2 B4 B, IR 5 0 F RS 5 5
T 5B EAZRMAHTAE, 25 2 M A d
WP R, A s  RNADN TS S 2 TR
fH555 3. DNABE ., SO TAHEA/ER . gk s
5o A, 5 — BB (I B O L)
RAR EEDIFAK

3 ERREIEHIHTESSTSEEME

EAEPRN, SRR A RIS R R % 2, I
AR s ek, BIEE 15048 4 28 B MR JiE Bt
FHEYREERE. A S ARSI A
W 5 AR, AR BB IR s — AN Bh A AR AL
IR, i HARLE &M E A R AL AR, R AR B
B B R ) R, A M S M 1) R B L R A
R, TAl—AN 8 B 5 ] AR IS AT — e B e
FUEHRIERE, b TAAH T 58 AR LM o

BT 7R 2% i BRI 99 (Alzheimer’s disease, AD)P
T P LLARAZ T B A N B RS T I H R Al
2 RGBAT VRPN, 75 AD 373 78 55 A 65 10 UE R
¥ 87 A& &5 1 (amyloid precursor protein, APP) 1] LA
HSUMOIFISUMO21E i, % & tfi ol LA ¢ fiB-TE
¥ B 2 1 (amyloid-B, AB) I AR . HEMADH &
A fE A7 EAPPA U 1 B8t I SUMOAL 2K 11334, {5
2 FISUMOJE 75 A& ADIW 3% 75 1@ [ X 38 DL A R
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(A) CHs
NH3 leﬁ
C|H2 C||H2
CHa CH,

| Methylation b |
CHy Y i CH
methyltransferases |

CH» CHz

%cH aCH

\ NH/ \co/

CH3 CH3
I »
CH3; — NH CH3z —NH — CH3
CH» CHz
| |
CH> CHz
—— C|H2 —_— CH2
CHy CHz

N 2N N
\NH co” "\ \u co” N xu co”

| |

(B) .

NH> NH;

| I

T_NHz ¢ — NH — CH3
NH I\llH

| l

CH» CHa

l Methylation by ’

Cle methyltransferases THz

CH» CHa

/“CH\ %CH “cH
\jNH CO/ \ NH/ \'CO/ \ NH'/ \CO /

NH:  CH; CH; — NH'
| I I
¢ — N—CHj ¢ —NH —<CH;
I\EH NH
| I
CH, CHy
| o I
(iHQ C|H2
CH» C-HZ

| |
%
o’ Neos

A: LysH 4k B: Arg 384k .
A: lysine methylation; B: arginine methylation.

Eo REMARNIRETERE
Fig.6 Schematic Diagram of Methylation

5 A ¥R T ADIV R (1, T B R 2 1 IR R T
o 34k, TEADR) K I ML HI A7 AE oy — A 2
()& A —taudk M. tauds (A2 — MIE 4 S
B, RV FRE3E B 1 R W, T £ UPSHE 14
Befif. O %tauts A 2 ANBERR AN S, b A
214Ser/Thefv £ W] g & 4= i B W R fb  1E % 1)
tauss (A B> 7 RS E23 Wi Ab 3 A, AD
& Witautl 54> T 25 5 A 5~94 0 1R 2 (41, 3L
P R AR O, AN R 5 R 45 4 T T BROAS ¥ 1
FABSL DorvalZ5B% I, tautk H 5 SUMO &)
A, Wit Lys340 5 SUMO13L i 45 42 5 SUMOTL,
R, Rz F# AL T — RS A PATIRE, H#EIISUMO
W H B PUZ Rl @ i B bz RS & A AT

g AR Hltau sy PR VER- . 53 4h, tauts
H SUMOA A7, 5 Lys34018 4 7 T 3 Gl 8 45 45 A7 a5
PEEAAN TGP b, N i I I 400 1l 77 38 N tau i
FI B AL, fE R Btautt FISUMOAL, 2 /stauth
SUMOML T g 5 R A7 % . iAW FEEK W], AD
S B A 23 taudl B A I BB REAG IR A, 3L
e BT A W] fe 2 i AL, iR, &5
2P, KT AN SRR R 4

AT AR B, H TS B IV A K AK(S-nitrosyl
ation, SNO) 5 AD W, A 45 % V) i) 5% & W 5T K I,
K B &8 [ A & & [1(dynamin-related protein 1,
Drp1)®*3, 3% i§ &5 [1E(apolipoproteinE, ApoE)“*",
g1 M JE B 4K 8 B 1 3 (cyclin-dependent kinase,
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Cdk)*\ 1075 Ze 10 44 it 2% 1) B8 12 Il L 5 g # 13 [F)
Y5 K (phosphatase and tensin homolog deleted on chro-
mosometen, PTEN)*,  # {K 50 & [190(heat shock
protein90, Hsp90)“* 155 22 B 8 [ i & A5 WAl 2 AL
ADIIREIHLHAAAE S 2 ) Z IR

HEEE L MR 2 I LK 2 816 &
F e DU AR W41 B ((H2A. H2B. H3FIH4)[T)
e B v BoAT 2 AMEMAL R, B3E 2/ 2 St
o WAL/ WAL 2 B/ B, R
I, K SUMO. 04, ol ik A (4 H
Je IR A, il 4l 8 A WAL 2 3 BRI BT
BR, 25 WAL WA B LMl — U e s, 24
WA A B o X BB 5 20 B AR T I R I AN 2
FHE ST, AR 22 I e A Tk o [ el ok AL )
KA, T2 WAL 5, Sk MEAEBWE S
YI(NuRcs, #1Swi/Snf. RSC. NURF)AH H 4k 1], &
B G (0 5 AT UEdE R W], XL AR S &1
T 2H A R H X e A Y S B A AN T
LA T S R SR A RN B S R o 5341,
B R A 2B 52 4 A2 RS 1 520, I DNA SR i) 5
s W RAEHE A M ET RS OB, Bos
SEDRI )Rk

AL, B A B R BT SO
DA i) WY AR B BEAL A, A8 4L i 75 ik, w AR R
o BIUIRAS T 1 8 E BB R 8 A& M 48 REAT WIS, A7
A REFR I 1) R 2 5

4 ERREEFRESERIMRAZE

TR TR S A ) T, B R
BEHERL LU B (mass spectrum, MS) A AR K [
HOEHR . EE T EAER R DL A P1E B
FHROREE, TR E A SR B, e
PR A EAER LR IR
41 ERRMISERA

K] FL K B AR (two dimensional gel electro-
phoresis, 2D-PAGE) & i H I 25 [ 5 70 S HioR, H
O’Farrell 197548 @ 57, H] T~ 70 85 41 g sl 41 21 iR
TR P ) 2 R e 41 2R sl i i 1 B 1 e
Yt 2 I, J3 s E A AE R R LS AR B A
Y1) R IE 2 5. 2D-PAGE4E 5 MSH #7 0] LL 5 B
LN M A S i e LK =i & 7| Bl A S R R R i
Jo B R R A BEIR AL WSS ) R I A

oo ARMZECAR WAFAEAR 2 AL, U0 4 1% 5L
3 R = DTNV N = D N S R Y g =
0T LA R A 3 J o 1 5 AME LAAT 28003 &, TS i o
FED I B 0, HE LA i B s I A B AL AT

R[] 29¢ 36 22 S LUK (two dimensional fluore-
scence difference gel electrophoresis, 2D-DIGE) 4 [F]
I 3 25 Z2 A AN [ 2O AR L BIRE i, I LA 6HR i
FORE SIS0 bR, SRR B A I AR 22 5
HOBEAT GE v 25 0 M ) o 1 2 S A AR M B
ARo X—HARRALUTOL A QORGH, w] LUk 2
<10%IRF: i (8] 22 5%, IR E>95%; ()FnifELL, PAx
e KR M Bl 22, 45 HEORS B R SI2 56 4518 (B)
HI M, BRAE A e AT Ak ARk
Bl (4R, ZAFERAER PR LR 73 25, 9%
DSEIGIN R); (5)iAE, S5 TAE, AT LA s 3k
FURZH AR e,

1R RGBT (4,1 (high performance liquid chromat-
ography, HPLC), & J-F i 73 7R [ @ AH AT B AH 2
T4 A0 R AT EL A P T SEEBLRE it 70 1, JE A0 1 Ak B
FEdh, P ERE W 5O (LC/MS). 78
Lot Bk, X IKARLE, BATHRE ., 7
eI s,
42 EEHRBIEEEA

A T B R H 1 I E ) SRR, dl
D5 B b 0 JB Ay LU (/2) BEAT 180 3 1 40 JB ik 53 i 25
K HRPRTRA o3 b7, e T WL B TV AN, AT 20k B ol
Bh ¥ AW 2 — AT B 8] 5% (matrix assisted-laser
desorption ionization-time of flight mass spectrome-
try, MALDI-TOF-MS)-5j H 15§ 25— 53 Ijf JiT 1% (ESI-MS/
MS)E33, EST-MSAE 73 Hr ) A VAR Hh HL 1, 3
5B 35 T B CAnyBOH €0, 335 M6 40 47 P vk ) R 23
WT R AFE . MIMALDLZE 7ROt R+, 4l
P il AN B A T 43 8 T B Ak, BT AT R AR
IR A 4. WOTEEFH(LC/MS) B T G (MS/MS)
AR, AR SRAS 3 BT 1], SRR IS A
JE SR B AR B s 5 B

EThcD(electron-transfer and higher-energy colli-
sion dissociation) 20124 Christian&5 4 H 1) 7F 5
W TV T A T ) — Mol B A T %6 . I A
HL 5~ 7% i S (BTD) I EE vy 1Y) BE 22 lf 42 i 725 (HCD)
A R 7 8 1 R A, IR IR 2R A
TEHTHB WA DR E, T ST, SR &
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S PR A 25 1, R AT LA A B PR A o A R
Ably-Fle/z- B v 85 1o MR T — M g 7 v,
ETheDJy ZE48 M6 T 5 4= & IMS/MSHE &1, KK T
Tk H0 78w, W] ABEAT B U 60 IR FIPTMUE
frB4,

R [ 5k K] 41 2% (proteo-genomics) A — Ff 4% BT
(K123 BT J7 V5, f 5 I K 27 Jaffe 500 T-20044F 2
h, s A e S BRI N AE X, FRris H
A RHBEARERRE R A, DLyt AT HBIDNA K&
RNAJPAIE R IE A AL . BRItz 4h, A
JoUHE BRI 2H 27 B GE ] DLIEAT o 1 el 0 s A i )
G, X BT HR IS R 4 K R, SEIL
TN HE BT I e 7 i, AR R ER O BT Ak
AT HE PR 20 B 1T 8, Gupta S PO L s Dl 22 il H
T'S. oneidensis MR-11¢] 45 [ JFUEH 16 o 16 1 4 B0,
ALFEN B T B M A5 T IR DD E L ANK
iy PP 20 IR 14 D) 1) 45, 3 T4 A 1 I 45 o 11 o
BRI IR AL E . AR .
43 EERRMEEERSHREAR

HAT, O TR R G et
UUUE(Co-IP).  H IR SR M ALAK(TAP)Y B AR L R 1HI 45 125
F IR F R (surface plasmon resonance, SPR). %¢)6
M J< Be 8 # B (FRET). GST-Pull-down=Z 46 DL f
BT 85 2 B 50T, IR TS A T, A
TR BAE FH BOBRIE SR B 1 A7 ) r A ik, ok
WA GUBE T RS ERCT . RS & 1
HLHRBOAR(SPR) 2 H Fi a1 H J5UAH AR FIAE 7 o 1B
FB JORH —Fh AR i i b i E, 24
Rl B 5B E A S G, W LR P K
AR TSR, T T A WU R R P e A TR 5 5
SPREZA I R AT AR I LGRS i 72 )

SN A, I bR H2e 4, i w] IR -1
1 K HA A= 40) K 5 2 1) FRAH ELARE S
4.4 EMEEBFRA

G B A Bl TEEHLRE A
PR R A A R R B L [T X AT X E R,
s DB figd o5 b Bt (0 A 2 SO B Y, da T
LSBT B T A BRldE. . A7
fifiv ALt TSN EORNE . AEYE B AR
FERIAAE B iz, (AR A A A5 )
ERTH B5EH . il T 4E gtk B, &
1SR 471 A5 7325 I 3R A 1R K it A o 2480 40 2
WA D)5 22 I 7100 T B4 e SE IR £ 1 o
RS, Bom . SR D RE ) B Jo g, Rk ok B
H AR AR T F BB AT Swiss-
Prot™!, GenBank. PhosphoELM!, Phosphosite!®"),
O-glycbase 5 (K2), & M A 5% H 4 7 22 b 7E 1k
TR AL IR 3L AL, LA SwissProtie: i it &= [ AE TU AR i
FIECHR 22, (RISt A7 22 FhaRR 1R S A A IR EREAR R, T
PhosphoELMF1Phosphosite i 4 W 5% 1 52 46 46 1iF 1)
R A -

5 Fit5RE

20074F, DaifliRasmussen!®* ¢t T4 g 7 tb W 57
FROR RN <R A L4 (epi-proteome)”— 1] K RE
5 41 5 1 I CpG H BE AR AE 1 e LT B R AR ok 141 33
A A A A0 0 Ak T DR SR TR TR R R O B . SRS
b, BT E AN, i 4K 2 HUR R
DL 1 f B2 ik AN [RTRE FEE R AR A A B A 4 AH Y. 1Y) 1y
Aeo IXPPEHEE S B I B 52 2 A I A, A A
Ik ) 0 i 2 1 PR A A AR e A R
SEDIfE. KILIRATIA R, XFh&e it TR e B 5

R2 EBARBIFEEIREXIERE

Table 2 Protein post-translational modification databases

Bodh i g ik Thig
Databases Websites Functions
SwissProt http://www.ebi.ac.uk/swissprot/ Information on post-translational modification of proteins

PhosphoELM  http://phospho.elm.eu.org/

Phosphosite  http://www. phosphosite.org/homeAction.do

Adatabase of S/T/Y phosphorylation sites
A database of phosphorylation sites

PROSITE http://prosite.expasy.org/ Information on post-translational modification of proteins
HPRD http://www.hprd.org/ Integrated database

RESID http://www.biomedsearch.com/sci/RESID-database/0032931901.html Information on post-translational modification of proteins
O-GlycBase  http://www.cbs.dtu.dk/databases/OGLY CBASE/ A database of O-glycosylation

dbPTM http://dbptm.mbe.nctu.edu.tw/ Information on post-translational modification of proteins
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I R) T2 B AH DG IR IR 2 1 R, L T 4L i)
AR, W LARRZ R R E A SE T
XA 2 BRI FUR AT RETE e — AN 4 2
IRTEE 2 WL ER 14 i 21 “# (epi-proteomics), ‘& 1]
DA S 2 00 i fsz I 40 L ) 25 o 2 3 DA SO B R o
BT FER ], EAZ A0 I A7 AR 10 B i B
K Z170% H ik ViR .l AT, x40
BEAB M Je AT AR BR H 1 5 S i S R A I R
AT IR SRS SN oG BE, REfE SE R = 6 7 B
JOL ) 20 A S IR S LR H5AE HT J7 XL
PR, 45 28 8 F RPN (M2 W Ra T 2908 S5l
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Abstract MicroRNA (miRNA) is small non-coding RNA molecule, about 21~25 nucleotides in length,
which regulates gene expression at the post transcriptional level by decreasing the translation and/or stability of
messenger RNA. Approximately 60% genes encoding proteins in human are modulated by miRNAs, including
genes modulating lipids metabolism. Plant polyphenols can exert hypolipidemic activity by regulating the lipid
metabolism related miRNAs, such as miR-122 and miR-33. This paper reviewed the advances in action mechanism
by which miRNAs modulate lipids metabolism related mRNAs and the possible effect of plant polyphenols in such
a bioprocess.
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B8 BRI T A 1 HAT L EAR R, miIRNAS
52 AR, W 20, KA S AR
JACH AR, e ] R T P A R L AT
SR Ia 1 SRS M P AT IR A il A

miRNA [ 5 ({315 52 21 2 B A ZR I, VF
Z B PEY FAT UE i 2 miRNA R 2R3 7K -
AT T 2 U Y L I I mRNAR % k000 #4)
2 W2 F AR T de LK) — RSRAE s Ve o, I 4F
REWE TR I, FA) 2 W 10 e B DR 4 55 L0
miRNAJF R IEAT K, O K WA TR,
Yy 2 Wy 3 503 i AU AT S 38 R, AR LI
5 JFC R Y T A % 32 1 2 o DL [ RS A A
TR = G 5 AR 3 A B AT AR S AR R 1 A
A R, B AT ST miRNARF IR 0 RN, W
FUE KB, R 2 Wy SO G AR T R Y
miRNA[FJRIE KA EEIC R, s E R & Wil
TR AR AR A DCmiRNA K 5 7K Tk U 2 4 i i
AR AR G 5L 1 B A P ks, 38 i 4 3638 5 i
SO AR AN B AR AL AR FH O, DAL, A R A SR,
miRNA R ULA S F5B5 A6 7 15 oA QAR S (s
YRR . AT ZELRER T miRNA R 705 54 Gl
(IR FHMLUARELA) 22 By of Jig o A T AT SmiRNA

IREN, PR 22 Wy R A (25 HLA

1 miRNAS5BE Rt

miRNAJE 18 3 6] i 5 AR AF G 5 PR R/ el 5
DT~ P 2 55 S YR 4% S S0 I 2840 S A 1) 3 4
CLR I 5 i oA 1 1 2 41 52 miRNAFS 1R 2, W
miR-122. miR-370. miR-33. miR-103. miR-107.
miR-758. miR-106bMImiR-146a%%, H i if 518 2 (1)
JEmiR-122F1miR-33,
1.1 miR-122 588 F4X 5t

miR-122¢ 55 — N4 % e FLAT U 45 A5 o AR gt
I BE MmiRNA, ‘B 78 J A I 21 23 rp 360k =F B 0
L 0 T B miRNAK A &5 (172%5 3l 4 52 56
WE & B, miR-1227] 52 i AL 44 JIH [ /i 70 g 7 1%
P, Esau5PR R X5 # 11 % (antisense
oligonucleotide, ASO)F A #f FimiR-1221F) Ty fig, &
A0 31 4 /) B 5 o0k TR 2 B A I v o T T T e
Jon, i L T B, [ R U g R R O ] e
B S N B B BRI, miR-1226k k4 5
SO 4 R 07 1 4389 AH OC BFFAS(fatty acid synthase).

ACCl(acyl-CoA carboxylase 1). ACC2(acyl-CoA
carboxylase 2). SCDI(stearoyl-CoA desaturase 1)
ACLY (ATP citrate lyase)F1 IH [ fE A€ AH 22 28 A
SREBP-1c(sterol regulatory element-binding protein
-1o) %5 B 5 A, MM 5 25006 M 2 R IH. [ 55 it gk
Do MfilmiR-122%5 N 23k ), 806 I 1D 12 A X g
FAS. ACCIHMIACC255 FJmRNAZ i /K - f fIKC7,
Elmén 5P ] ASOB A i) R AL 5 9 45 I 2 Mk
JHF HEmiR-1223% 325, ) LI 3 rh 2 JIEL [ 72 5 B 410
) 70 70 S 0 i gk b . AT AE ST AR IE, miR-122%%
B4 2> 3 SO [ I ROk B 5 R BEHMGCR(3-
hydroxy-3-methylglutaryl coenzyme A reductase)ifi
B AT, J2E i s e L 5 B X HERIFSE R W], miR-
1222 5 fg A 2
1.2 miR-3705 PR it

miR-370E Jig Ji0AC 4 % 7 i 5 miR-1224F
FHAL, & 2 30 2 1 5 miR-12211) 3 3% 7K 7 I R 15 B
AR, A 4 i HepG2% HmiR-370/55, 4i /i
HimiR-1223 35 7K1 £l 1 HlmiR-3703 34 i 2
B miR-122/K V- HepG241l Jiil & %tmiR-370)5, 4
s WSREBP-1c. FAS. DGAT2FIACCIS [f) 32 35 K
SR G R, 1 FHASOAL BE 40 Mo i, F ok 2L PR () 3%
T KP ] 4R 0, gk — P i L ASOF i HepG2
A WmiR-1223 3K ), Jx BL 40 il A miR-370%} F &
BE DK TA TR 5% g 233 . AR, miR-3701 68 5
Cptla(carnitine palmitoyltransferase 1a)J[A3'UTRI[X.
B I 25, JET AL Cpel ad R38R, IRITRBAAL
HHAR . IXEEWTITEE RN, miR-370Z 553715 JIF it
AR
1.3 miR-33508 R i1

miR-3347 T-SREBPHE K| 1) A & 1o, L1 15 IR
AR T A7 e T A O, et A R A i P IE
] P A0 I PR 0 285~ A4 14 D B e o i T TR 44

miR-3338 1 4 i) i 15 4BCAL. ABCGIFINPCI%:
B DA ) A TA R 2 IEL [ 5 ) AP Marquart 54}
FLmiR-3350) 41 g P L[] P 25 R RS ), R I e i
miR-33 K] FURL T HEK 29341 Jfd, miR-331:d 3 1 4 Jfil
S i R A B 1) ApoA Tk 2D, 1T ASORERmiR-33
Jei, 4N M PN JE [ B AR 95 59 0. Najafi-Shoushtari 5+
I T H [ 1525 0 40 i Y miR-332 1L fR S, B
Jory I 0 6 0 FET- 40 P I T 5, ) Y miR-334%
IR i A T P A N, miR-33%K A |
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W . MarquartS54 e — 438 T /N U IEABCA 1K
IR B HEAH e R A A 20, R ImiR-33 3 3o 4 v 1 %
ABCAIR i 45 11 [ i 2 A5~ F 47 . Rayner%5! B FUIE
S, R KB AR S EmiR -33 55 AT LR
FFIEABCA1/K -0 AT WS &I, miR-33 ][] i ids i
55 57— JIH [ i 448 R ABC G 1), IR BBHJF 57 45 B2 1,
miR-33 115 40 it Ay AL ] e ) A1

miR-33 i sk W 775 I 7 R BAEL AL AH JSmRNA
FILAERE TR . DavalosE 40 i A1 5h 4 7K -
TIF T P 98 P miR -3 3 1 2 38 X6k g 7 1R B4R A AH 5%
FER RIS, R LN HImiR-33 1k ) LG i g 1 R B
S EEBFCROT. CPTla. HADHBFIAMPK a5
g RGP LI ABIESL, MHmiR-33K1% b
G T R PAE AT DG R S B 1 S 19, [ i
1% 45 i AF ¢ 3L ISREBPI . FAS. ACLYFACACAZE
TR TRV, 5% 3 /) B S 36 AR R I I % — IfiL
HVLDL H iy = FR WA /K P 2 B
1.4 HittmiRNA 5B5RK i

miR-103. miR-107. miR-758 FmiR-106b%%
% 55 g e ACHE (1) 8 72 . Ramirez2% 430 i ASO# Bk
N A2 5 98 N B CHA) /N B 6 4 (37 74) R 1)
miR-758, KILABCA1FIA i, 4 i py A [l i 75 i
. Kim&5EU9% B, miR-106bi i i 445 /N Bl # 42
JCAH L ABCA 1R 1A 338 1 BHLLE 41 H v JIE ] e A7
Al L, miR-758 FImiR-106bid ik i 15 #% 5% JFABCAI
5 DAL P 2R e 4 IR [ W s P A, AR
miR-3321LL.

miR-103F miR-107{7 T PANK(pantothenate
kinase) N &5 1o 5% & A5 IE KlmiR-103MmiR-107
5532 IRV LL R4 Y, Jl sk i FA S 3 R 1 I ok
WA R & B9, A, Yang WK B, EE 40 i
P miR-146aid %A 0] 15 2 B i AR FE IR 22
O[] 25

2 ZEAXTBE KT HE XmiRNARY 15
LR, g, VETIRE, gt
G A 2B AR S R E P, 3 2
Sy, HUAML TR AR WIS YA ALY, i 3 4
SR SCHRRIE T 2 W A M3 VE I miRNA K SF R L
. S SR P AN IS S I R
PES, SRR L, N TR, /N R
AR /N, 5] 297 40 P T miR-205-5p 3 i 45 % I

Y15 Y. DR, W 22 0 EE ] A o o
Y AT 5 KU T miRNA R Rk, b i AR I L P v
o A7 3CHRHRIE, 73k 2l ik # HIMAPK (mitogen-
activated protein kinase)Erk K f#{[ TRBP(TAR-binding
protein) i B2 4k 3 117 90 FImiRNA /1y 44 [ B 20 (4 5
AZ AN HImiRNAZR AP, 21 5 4 fu (5 5 AH L AE
R A G006 SN, 71 2 i DRl 3 1, AT s e 2 PR
FEARP, RO T 2 By I miRN AR IA/E - L
IBEFEHRAE IR D, SCRRHRIE AR 22 1) 22 22 Iy 6T miRNA
RILIKEAL AT .

) 2 9y fie 6 1759 AL I HLAA miRNA ) & 1k 7K
S, M AN [F] 9y 2R A5 0 5% M miRNA ) i 2 S /K-
7 3 K. Milenkovic552Uil 1 miRNAFImRNA
e B MU S NI 008 SN 5974~ (NN 1111578 SN
EE R, LR LR RAROER WnHERR R
BRI SEORN A A 22 W % v I IR B WA () apo /)N B
R miRNA 52, 45 0B, MR 3 AAETs
B SN [A] W S ) BN /) BlmiRNAM 2 £ B MR IA
IKP RSS2 R BOR(R ) SNSRI S TC 18
2 B I R UK AR AR AL B miIRNA ) B 1
BB GWZ . TETR NI, SEE Tk My R Fh 2R
b, A E— 20 2% A JLA T IR T miRNATS # .
TiAk, W RA G PP R T B miRNA 5 1) D) gt A
AE 2 A0 A BT SR E 22 Wy o) e L6 5E miRNATF
WO AnSEPHRE R & T IL R R-3-WE TR
fik(epigallocatechin gallate, EGCG)if i " il 45 5 1k
miRNARIE R AR L A6 I5 T 10 N R E Rl 21 4
A5 . KumazakiZESVR I, K20 pmol/L 2
F TR Ak 3 45 e 40 I DLD- 16 2 25 4 5 40 S Y miR -

F1 T EIEN M RIA T apoEEE R /N AP miRNAR)
HE(IRYES % HK21]1220)
Table 1 The numbers of miRNA regulated by different
phenolics in apoE knockout mice (modified from reference [21])

Z W L] e Mt
Polyphenols Down Up Total
Quercetin 22 25 47
Hesperidin 53 44 97
Narangin 33 36 69
Anthocyanin 30 15 45
Catechin 36 44 80
Proanthocyanin 37 18 55
Caffeic acid 18 11 29
Ferulic acid 17 22 39
Curcumin 55 11 66
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34a(2.56%) Fllet-7aQ i) 2 2, HE iy T I I 4 2
0 5 3R 455 DR B2F3 A LT i A DT 7 4 e A
JULZH o 3 4725 PR -5~ Sirt [ (Sirtuin type 1)

H T S U I, T4 2 Wy B A K he Ay am
b b R BT R T 7 R R IE ] 7 A A A JEmiRNA
(R ZEIE AT, BRI R A AR O (1) 38, T
SIS R SO AR . FE) 2 15 1 T miRNA
FEMA I TA QI AH SC A R R GE A g n k2.
2.1 1% BT IHEmiRNAE T A5 AL A it

F W) % W & B B AT I T miRNAZK - (1 4
Mo JovenZEP VR I, FfELEk NFCH A2 My 4 ) v]
LA A w5 g ] M 9 A LDLAZ A4 B b /0N S H
T = TR 07 K, T IS v 22 AN R B
P 15 B AN VR T 7 R A S b A9 o 4 i LML O IR,
e M I 30 8 3h 40 Ak A miR-103F0miR-10735 R 5
Fak, M HE N BCH A 2 15 52 UY) e 1% {miR-103 71
miR-107FFAK 2 5556 BUALAH 4 (7K P, ) I ik I 3%
P HImiR-122F1 22 35, M1 1 422 JIg 107 1 AU AH O 3
FAS. SREBP-1cf1 AMPK(AMP-activated protein
kinase)%5 K1, B BFEAREH . AR YYE £ b
A 15 I miRNAA [A] . Baselga-Escudero%:Po%} 4 25
KFIEAE T ZFE U R 1T miR-122 J SLHEIE R AT &R
GEWT IR BN, SN AR JSAETT 2R SR U AT A b s

BT Y O BUTEIE B A A0 35 5% 19 JH 40 B miR -
1227K3F, DA 410 sl FL 80 3 DR EAS 2 ik, 92D Mg I PR
B ISR E LR T KR N AR A T 5=
SIS0 U0 A I S A 8 2 0 751 2 20 )0 Oy PR A R
LI, S0 AT AR BRUM 40 M i miR- 122 75 5t 6
FBRAR, BEILDR FASHE W, o — S Pparp/s
RI5 B, NIRRT, Murase%5PY7E &1 IR
i 155 IR CSTBL/G AL i /I BUE IO B, w22
Wyt NiEHE4S. ACCI. SCDI. SREBP-Ic. ACC2
FNPDK4%5 5L R 1R 2 8 /0 W i 10 &8 R AT 3k
— B F /N B Hepa 1-641 030 30F T R 45 51
[F) I 34 R L2 Wil 22 1) Adh BE ¥ Hepa 1-641 g ' miR-
122101 R TE AT T T 35%. PRI, HEIHLY) £2 IyiE
BT miIRNAZRIL KV 1R 75 2 2 N 105 R A4 -
2.2 1EYI% EHE T IS miRNAE 75 8 E B2 X 5t
) 22 Wy 38 i 3 T miR-33 FmiR- 122 % 3 7K -
K ¥ HE [5 B2 AC 1 . Baselga-Escudero®$P99%¢ vF T
TP Wistar A B35 N3 (2.5 mL/kg AR 55) B 5 A5
HIRF IR A6 T 2 S UM M (250 mg/kg Ak ) &k
SEHG(0, 1, 3 heRAE MLV, 55U ML), AFF 5 0 4 24
FFIEAETT 2 Ae % Wl =25 B R BRI v b H v =R &
S, U Hp s A G R = e, 2Ry
TR 7] 5 4L T AR miR-3 31 2 3k 506}

F2 SEHBD BB mIRNATA R AL 5RO IBIZIE
Table 2 The modulation of polyphenols on lipid metabolism by regulating the expression of miRNA

AN

ARNA  EW) e e S fRit i 2% 30k
miRNA Polyphenol P . Experimental condition Metabolic pathway References
regulation
miR-33 Grape seed Down 250 mg/kg, 1 h Cholesterol efflux [56]
proanthocyanidins Male Wistar rats liver HDL biogenesis,
25 mg/L, 1 h, FAO and VLDL levels.
Fatty acid oxidation
miR- Polyphenol extract Up 28.6 mg/kg/day 10 weeks TG storage [25]
103/107 (Hibiscus sabdariffa) Male C57BL/6J (LDLr") in adipocytes
mice liver
miR-122 Polyphenol extract Down 28.6 mg/kg/day, 10 weeks Cholesterol synthesis [25,56,58-59]
(Hibiscus sabdariffa) Male C57BL/6J (LDLr™") Bile acid biosynthesis
mice liver Fatty acid oxidation
Quercetin Up 2 mg/g diet, 6 weeks, Female
C57BL/6J mice liver
Coffee polyphenols Up 0.5%~1.0% for 2-15 weeks
Male C57BL/6J mice liver
2.5 g/mL, 24 h, Hepa
Grape seed Down 250 mg/kg,l h
proanthocyanidins Male Wistar rats liver
25 mg/L, 1 h, FAO
miR-370 Ellagitannin Down 15 pg/mL, 6 h, HepG2 Fatty acid oxidation [60]
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WAL FRAIR, ABCAISRIE KR o, s B R A & =
32 SN, TR SR FH A 25 KT S AR T 0 AR U
M HUFAOL UF I iBmiR-33F1ABCAI ) 32 1517 ., 15
P55 W)L AL 5 R . XL g5 PR, M
JRAE T Z L miR-333E K R 1k, $¢ vy FLRE L A
ABCAI IR K, SEEGT IH [l e A5 i 5 7
SR SIS SL A I Baselga-Escudero®5: 57— 20 2% 5%
I HE N 2 K F R AR 7T 2R S I I T AU e 5 I
PR N JHE Wistar K BRI A QIS R 52 MR, A 71 240 (25 mg
GSPE/kg) 5 B 2] LA, REWS W 3% MR L 3% v S H
=BRSSBT B R S
TH =R R S [ 5 i 6 BRI 90 M R BmiR-3 37355
B, R R IL P ABCA I M Cptl a7k V- ik TF
fro WbAh, At A i BE A0 i ) 56 E S5t A 2R A
R BMAWTHRIE, FH) 2 Wy i 15 miR-1225%
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