EMIEFER 2011 F 48 $274 5 4 H:355-364

. 2as 3 .
ACTA BIOPHYSICA SINICA Vol.27 No.4 Apr. 2011: 355-364 www.cjb.org.cn fiff 518 3L / Research Article

BRSNS IFEERE
M & A B B 53

Leik, W &, #H & FRR RKTPF, EIX

T E R B A ST TS 2 R A BT AL, B3 100190

Wts HER: 2010-09-15; #Z HHEA: 2010-11-02

ELWB: “973” %I H (2006CB705700, 2011CB707700), F K R} 2# g 0 iR 61 8 TR 5 22 5 /) T H
(KGCX2-YW-907), [H 5 [ REH#IL4T0 H (81027002, 81071205), P [E A% B T A+, Jbnth #Z R4y
535 H (KZ200910005005)

BIREE: MEE, Hi: (010)82628760, f£IL: (010)62527995, E-mail: tian@ieee.org; jie.tian@ia.ac.cn

WE: # 3t %t HCCLM3-fLuc-GFP JF % #y 3 & fn i % 2 R W & WA R oA, A% 2 ik W
KAy E R AR R B R KA, 2 AEEATT A4 B RO R (bioluminescent imaging, BLI)
5, R K AR % (fluorescent imaging, FMI)#F %8 A1 /) 3 4 i & AL B & R % (micro-computed
tomography, Micro-CT) #F %, xt KR& W R G HFEHAT SR EE L0, 5 MW HENERINEHPE
HEATHRES, $REXY, WHEAREEMERZ A RABMEELERAREM B E N —F,
EITRBAWERERXEERRENE, TANEREAZRTAAWNEN SR, ZFFBEHR
HENTHEHAY, BLLEAGZ , FMI R G A 5 W E ARyl 24 K5 E X (R=0.9263, R=
0.9068), # It it E AL T & & (Micro-CT), * fiF & &9 ¥ & it 4 34T 247, JF A 7T AL i F B xd
Ji S B o BT E R AT = 4 B R, Micro-CT &% 4 R B IE T BLI, FMI k% 48 = &9 if 5 & K
Jo HA o R AR B KA

FBEIE: A ERTRG; MARARG; HENY ERG; FEHE;, L& E R
FESZES: TP399

DOI: 10.3724/SP.J.1260.2011.00355

5 7

JH-E 2 U N R A () — R BEAE, HAE TR R H fE m A R0, HCCLM3 i
KA — R A, S0P N, AERRSE [ XD, 0 A AL AN e 7 2%
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AT HEMI =4 R,

9y T A% % (molecular imaging) A& 3 [F 5 il Kk 2% Weissleder 25 AT 1999 442 H 11 4%
©, RIRNH AR ITE, AR AP FE AT 41 AN 531 K IR R 1 S E R
FEiem, g e DUA N E 7 1A A UG BB I B 2 e R R, REAEELSE . 58318 W) A
Ry, T G A B R B O AR SRR LS R . AR RS T AR
W BERALER . GOKEOR . BRI HER, R mRe it & R B s BHR 5 7t
FHPRRE, WU MRS e . e, E R IBE R

WA R EHUAE (bioluminescent imagin, BLI) LA R A A SAS (K8 1 1 A7 5 i
AR AE IR SRR IR O, A I 8 N T e WL RN 24 4097 80T £ A D% S ek
FROISl B % (fluorescent imagin, FMI) H AN 75 44 Ji DR 43 AR 5 P4 348 10 D 1R
EIA T REN T TR, HFERBERAR  E ARSI P s e n BRI 1 G iR S S0
6 2997 0P AG b i B U9 N vk ALK JZ AR (micro-computed tomography,
Micro-CT) S5 JHea (1 4RIt A7 £ SR BEREAIC R ol s, AL HGT Jib g o7 A A A5 0w R4 Sl R BER
FE BT R AT SUAT] 3 LA R e e 1A A e 2 R AR o, B KR B AR 2
ZREET T HARBORTT LLEE G & A ARSI 5, TR [P Jed 98 e MU A 1 8 9047 7€
T, IR AL BRI SUR 2RI R SR i T R S R AE AR g 07 U224,

MRS %
LRSS

HCCLM3-fLuc-GFP A i 40 g 28 e _E e 25 — 1 K2 @2 TG 55 - D-Luciferin I
RGN LR A B A W, K ILRCHIEL 15 mg/mL S, B TF-20CAHRLT, &,
SF-FDG H b 50 K2 B2 2 Bl JEOUR P R A7 28 o4 fi o I 45 3 5% ) Fenestra VC J H ART
Advanced Research Technologies Inc, E %14,

RIS IR FA BN YIE B B A 2

HCCLM3-fLuc-GFP A JHi 4 il R 7E & 10% 6 25 L35 ) DMEM #5385 i 9%, 21 &
5% CO, 1) 37°CHEEA T IFE . HETE BALB/c #REL (4~5 JEWd) W F A6t K24 e 2% 5 sk
Beho e PrE WS R e B CAE U RS IR R R R R e AT .
HCC-LM3-fLuc-GFP Fif 8 SRR i % BALB/c # 54T IR TS 2% 108 40 g 7o 4 I8 il
BERL ST 12 h J5 HF AR AT BUE SE R IT
A ) B & B R AN E 15 3R EX

JITA A2 A 56 S8 BAE T R — ANEAR D627 70 TR R 58 ZKKS-MI-IV (R}
AR BT BOARAT B A mL R RN E B E S AT T 23 1 AR O IERIBERD . ufgoR 15 R
3L CCD ML, R K /Nl f-number {H 8 U8 45 o 38 Ik 9 20T V8 4 AR AR AL il % 48
-120°C, Hfa¥etaE, CCD Byl HLHL ] FF{K 4 0.5 electrons/pixel -hour. & T 1HH3R1S B4
(2 YRR AR, I —A 12 Je~F AR/ BRORAHE CCD i HR F I 20 iR

BAGHT, B S5 BUE TR A (GBAT 2% 57 9000) S min, AEHRREE. g RE
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Lm0 WUE TR RS T6 B, JFl & B AL 2% bR DR 1R SE 50 B BRI
AR A T S EDULH DX 73 Ji R A0 1 A S 5 bR A R AR AL B, S ORI ¢
JCEMG AT SRR BRI MR . EGCRER AL P A H] B AT 0T R i R 4E R &
WinMI #E1T
B & TR I FIE R FREY

WO P R I3 A HI D62 0 73R R G2 ZKKS-MI-IV, g R R A i
CCD A #l. #R¥%& GFP (green fluorescent protein) [ K[, BA% H R A3 KA
488 nm. P AIE 20 nm FEAOGIEIE ), RAT LRSS 525 nm. PAKTER Y 20 nm 1)
FWOCIEB o A T BEGIR GRS AR RIS, A% T 6 B AR HEAT B -

BARRERE T, R S SRR S BT g & B BRI &IN5k m L, RIAER AT
FIATHER ) WinMI R4 .
HEIEEB G . BGEZMATNL

A 98 BRI R 9 A AL A5 R 3R A5 Y Micro-CT R8I . Micro-CT R Ge R A 32 22 H
LU BRI A AR R e S USR] - HE R UltraBright, £RBE S 13~40 wm,
EHIE 10~90kV, FHI 100~2000 WA, 5z D= 80 W, Jfl it e & 1t 2 4 1
WL HATIE R . PRI R H AR (K C7942CA-02, RS 50 pm, R FEHH
2400x2400, R (120x120) mm?. HAEM B RG M TPB G B LRI A K. B
TR G AL AP0 2 R ) KSA200-11, HApHeRiAS] 1.25 wm, HIFHE 6 R 5070
AT RAK-100, AR/ R IEH] 0.0125°, HL¥ P88 & Rl & R H s L pO6 i 46
HEAT Y

BARHT, KA R e G B, JFE AT CT AL E A BAT TR
CT # A B BN 24, R a0 e L 8 BRI . . DR
S, CT PR I P AR 1 10 2 B2 2T IR . iRl i, e R it
BERERe AR, PRI A8 KA IRl A7 FETWs, MM BAT TR CT ks
Ak #E 4K 4 3DMED (MITK, Medical Image Processing and Analyzing Group, Institute of
Automation, Chinese Academy of Sciences, Beijing, China; www.mitk.net), ¥ $7145 7331
— RIVBGEHAR A = e i, BB BOHERI AT AL, X IR R A I AT R
W,
IRSMNARR B &R E IR SR

N T N A SRR S PO BRI R AR, FRATTR AN [RTAR P2 6 1) 20 I BB AT B 5 ' ik
%o 15k, MR K HCCLM3-fLuc-GFP 40 i, %1% 4 5 (A% LUK H 1x10°, 2.5%
10* HEUCHRRE 22 780 NI, 3 NS RJa, Brai K uom A B e 96 L, HEAL
T 50 ml %¢ 56 Z Y D-luciferin (3 mg/mL), ] PBS H44F LK S NAK R4 100 ml.

fEH 10 min J5, | ZKKS-MI-IV REHATHIC KBRS CCD MR S 5B E Wi b
f-number=2.8, binning=6, controller gain=3, rate=1 MHz, resolution=16 bits, exposure

time=300 s 7LD E RN IS N )T SEE RS, JRAN AT SISO R X IR 1 A A 4R
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P AR BRASHESS B (1) K SEAEMDG SR BB Z ) ) SC 3R, AT RATH SRR R X sl 1 ¢ 016 o P4
FALT G4/ B (photon/s).

EREN B RR MG LR

F R 586 A S50 43 I AE R A B FP S 56 12 h (E M5 0.d) FIZE 4. 7. 104 14,
17, 21, 24, 28, 31, 35, 38, 41d AT, N T W 9OCIEMBCREE NN, & 1
12 h §A 7 90 AR . R A WL Z 2% B W R ;. fnumber=2.8, binning=4, controller
gain=3, rate=1 MHz, resolution=16 bits, readout=low noise, exposure time=30s. VK4
FIE 100 pl/10g, AR Y55 ZEOE R AT ) i 2, 10~25 min J5IF 4 REETOL
B SR I 108 DORN 5 ' 5 X8 1 o S (R A AR A P S, MR AR 0 BRA HEAS B (K B2 5
YRGB R R, I 245 B HUALIN TE] A )6 728 (photon/s) DA & 52 9B R 71

RN O Ao o R AT

PR D AR S K R G I 1)t Sl £ R A0 A IS (K28 12 b (X3 0 d) AN 44
7. 10v 14 17. 21, 24, 28, 31, 35. 38. 41 d #E4T. MG MAMHL S H & E W R,
f-number=2.8, binning=1, controller gain=3, rate=1 MHz, resolution=16 bits, readout=low
noise, exposure time=2s. HLHEL5 5 511 22 7 >Ride BB OGBRIX 3k, (1] Bt A SEA7 B 1) Y (1) 0
T4 (photon/s) RiTHUR I J G AL o

FE{K Micro-CT Fe8 # 4 M & A 15

iR i 2 I A PG SR B A R B b 58 39 d AT o AR A8 T 3 SE A M Fenestra VC,
Sy IAEESHE RS 5 94 18 A1 27 min HEAT 3 WKHIH, FHXZ) 9 min. WF S E W R
X GBI =60kVp, DJ# =60 W, JGUEHTH 0.5 mm JF R EBIERR R X GF 4, BRI
Y IE] = 0.467 s (AfihR), BEEHETE Bl &0 NRES, BARADIHG R B2 il (B2 Bl
to B2), HMIHE KR /AN 1120x1144, £ 3 K/ =0.1 mm x 0.1 mm. 360°7 [ P R4
500 MREEAE . P RELERT TR A 8.5 min.

PR LR LRTR IR S 4T

HCCLM3-fLuc-GFP i J FREEER G 28 5 w Abst, HUMIRZLZR, [ 5 J5 o A4 i o 4
4pm Y. VI RGN AL P

1) “HFRMS, ZERORERKYE: ZHZR (1) Smin>—FZ (1) 5min—100%4
% 2 min—95%Z ¥ 1 min—80% 4 1 min— 7% /K 2 min;

2) FARZEYAE 5min, [FRAKMFVE;

3) IR LWEAIAK 30 85

4) HR/KEIE 15 min 80K (40 50°) 5 min;

5) P40 2 min;

6) HHLMLAK . EWH. B H: 95%48E (1) 3 min—95%Z % (1) 1 min—100% . %
(I) 1 min—100%Z % () 1 min—> " WA AR 3 1) 1 min—>—-HZ% (1) 1 mn—>"H
(1) 1 min— P g ) [ o
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2 LIRANEERS, R BRAE T A G BT %, ] Leica DFC300 FX 3 B G 47
RGN REEG.

R
SE SR I AN I 2R kA I LAbR R 22 1K) 7 5ORER R . P (R A

#7200 Wik (one-way analysis of variance, ANOVA) Fl ¢ ¥ % 3E47T Eds 0 #rxf kb, 24
P<0.05 B Ak 85 RA Ge vt 27 5 e

4R 51

RO B &R B

W i AR AR 9% HCCLM3-fLuc-GFP Al HCCLM3 4iifitg, By Hos s vk . itk . #ed
PEBEAT XS LS, Bl R BN . B TRk AR IR (fLuc) ARG HE A
A (GFP) MEAER A8k b, IFLHE AN R8T, P DLW SE K U =g
L R kK S A R OC R, BIRTA540 GFP S A0 R G &R o 3l i A [A) B i
(") HCCLM3-fLuc-GFP 40l il () BLI B RAEFDG 15, AT IR0 M08 A fLuc (335
EIFE LR A (R=0.9987, WK 1).

) Photos/s B)
x10°
50 x10°
| o
[ 2
-39 'z 5 R>=0.9987
Q
%‘5
£5
16 5
.S
M
. 25 50 75 100 125 x10°
- Cell number
-0.2

1 (A)AN A 20 i B 0 A R 5 G, A0 I Bk el v SIS 45 5 0 5 BE el s 31 55 . (B) HCCLM3-
fLuc-GFP )4l o B it 559 e 5 s BE R 2R PEAH S M RN Zh T B, A0 B 5 5200 5 5 1B S I v BE AH G
Pk (R=0.9987, P<<0.0001)!"

Fig.1 (A) A diluted series of HCCLM3-fLuc-GFP cells was visualized by bioluminescent imaging. A higher
number of cells showed more intense bioluminescent signal; (B) Correlation between the bioluminescent signals of
HCCLM3-fLuc-GFP cells and cell number. Linear regression analysis indicated high correlation between the
bioluminescent signals and the cell number (R>=0.9987, P<<0.0001)!

ERB AR, MEA R LFHRIE D4 R Xt B ik R A
J3 7 W HCCLM3-fLUC-GFP Bieg (g Rk e, 4l 7 R AR 5 12 h BRI R4 8E1T
BLI A1 FMI B4 5l K. fE8eM e 1w I, IR g i AE K R e 2B K iadh, B2
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Pl FRTHT 4 d 2 R 40 M08 WY A IR BT R, Ja 3 d ATJTaR UG K. &9 1w e, R
JEIEFHEA RN R (LK 2, 18 3), ZJa i SBAAUE RIS & RV 9

Photos/s
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2 HCCLMB3-fLuc-GFP farf& R 1% #h /5 AN 51 Bt 8] B9 B A& 5% e B 1%
Fig.2 Serial bioluminescence images of the HCC-LM3-fLuc-GFP tumor-bearing nude mice after
tumor inoculation!™
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3 HCCLM3-fLuc-GFP farg R $5 i /5 A< [=] B 18] 838 4 S SE B
Fig.3 Serial fluorescence images of the HCC-LM3-fLuc-GFP tumor-bearing nude mice after tumor
inoculation

R DGR T 4 FABIOUE TIX—&51 (WK 4A, B)o 7EMMRAKIHT 3 w, AR
AR E WA, BREIEER, R s BEE IR AR O, ar R BLAR R
M HAE s AE, ST e R RIS R AR B« T I 858 S 245 1) Hs 38 R 5 4 il 4
(WL 4C)o I IRg AR e 2R A 5 6 i i T S 45 AN IR IR 916 e i TE B4 R
FHOGHE AT B, IR AR AEURI IR R ) 58 ' ot B SR 4 s (AR DG ME (R™=0.9263, WLIE] 4D), i
Jed VRRARI IR VA 9 G iR E A SCHERS AR T 1 (R™=0.9068, WLIEI 4E), 737 45 2R Wl ihed
AR i RIS IR e FE A OGE (R=0.9961, LIl 4F). Mg 7 AR K 2] — & 1
WRUG, BT AREIEAL, WREEIRMIASE, HMES 5w KRBT WL 5, &)
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E 4 (A) #H )G HCC-LM3-fLuc-GFP JIT 98 [ 5t H K 98 o {8 (B) #R 5 HCC-LM3-fLuc-GFP JiY 1) 7€ fL i 5¢ 5 AH 5
(C) M JE A 4 RAAE AL ; (D) HCC-LM3-fLuc-GFP [l K /N5 H k98 e 8 I Ze A ks (E) HCC-LM3-fLuc-GFP
JiIRE /N R B HRE P ARG s (F) W1 HCC-LM3-fLuc-GFP R [ R 9GRS 5OR 5 EE AR SEYE o xs, n=T7
Fig.4 (A) The quantified bioluminescent intensity of the HCC-LM3-fLuc-GFP tumors in the nude mice; (B) The quantified
fluorescent intensity of the HCC-LM3-fLuc-GFP tumors in the nude mice; (C) HCC-LM3-fLuc-GFP tumor sizes of the nude mice
at different time after inoculation; (D) Correlation between tumor bioluminescent signals measured by in vive bioluminescence
imaging and tumor sizes measured by caliper; (E) Correlation between tumor fluorescent signals measured by in wivo fluorescent
imaging and tumor sizes measured by caliper; (F) Correlation between tumor bioluminescent signals measured by in wvivo
bioluminescence imaging and tumor fluorescent signals measured by in vivo fluorescent imaging. x+s, n=7

Wos SRR LGUREVR I 2 AN IR AL B IR L SRR BT . PR AL (K P R IR SR
K T UM AN K/ BRSO 5 B IR A BN — S E5 3L, i IR 2R 9 D 1) 5tk BE AN
ORGSR FE R e T I RE P9 4 PR B8, e SR Bl AR

©

5 HCCLM3-fLuc-GFP firf& R E 2 5 w BIBPE R IR 45 R
Fig.5 The pathological results of tumor at 5" week after HCCLM3-fLuc-GFP cells
inoculation
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LI, ARG REE RS i 3t s R AR R PR A KRS TR SO N B A 4 SR AT 3 Ul

www.cjb.org.cn | ACTA BIOPHYSICA SINICA 361



#3318 3 / Research Article LR 2011 4F 2T % B4 W

362

SEPRATIIE AN, FLR A SOt R S AR SO R BT W R X b . dital I, BLI
JSAGX 9 PR S ST DA MR8 20 (R 7 PR 2 — AN R AT B

TEK Micro-CT X Bh¥E 4= M 2 &Y

20 2 70 FEARHII, Forkman™2IRPHE H: MR IR A K73 22 5 I MR pE A, g 1 A
WS M AR ORI o R it I8 3 A I A A 5 ) A% 8 T B R B T B G 6 S D) I 7 A R
(R GRS, 3K — ol ZRUAL AEAR U TR B AT ORI, AT TG v o0 I8 s 2 I A R A 7 e 4
O 22, HLIGVER AT AR RO BIE T M o RN, A% 8 1A IO I 5= Bl AR % F6 1N,
JCVE R AR LA 5 e 8 B B L (R) IR R EA T NI FT . Micro-CT R GEt i %) i Jg 16
AL AT =4 XA, I AR MU REAT S A AR TR, AT T DL UL g e i
Je AR AR 5 TR B AR LA AR O R (LI 6) Fenestra VC 1 5% 118 i 8 i ki 56 AR
BRI S, 7549 10~30min P, JEEFEAEAL T B AGER T, FrLh, O i A (1 3 g
AR —F. tH Micro-CT [¥JW1)Z BT LATE I 2100k« JFF I o (0 DKt A AR g o (3
A (WL 6 F Sk TR LX) . — 4l TRtk ik 45 SR T LA A b 8 s R 2 i
ERLONE FEE A R G R .

)

) .n/Li\rcr
A= blood

vessels & @

Tumor
area

Transect image Coronal image Arrow image

6 (A) firJi bl Micro-CT W2 G &5 A s (B) MR I A5 A0 Y87 Bl 1 3 L5 1) = 4l m A0 S P (0 0 A o il
DRULE S VAN, 2ot € 0 I dRg 03 2 A7)

Fig.6 (A) The micro computational tomography images of tumor-bearing mouse; (B) Three dimension images of
blood vessels (red stands for blood vessels in the heart, lung, liver of the tumor-bearing mouse, green stands for
the tumor angiogenesis)
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KL BATAN G, o 0T AR RN 0T, IR %) 2B 5 e FRUA 5 't 1 A5 e BE 4 e J
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Abstract: To detect the HCC-LM3-fLuc-GFP tumor adaptive and exponential process of tumor progression,
bioluminescent imaging (BLI) and fluorescent imaging (FMI) were used to calculate the bioluminescent
intensity and fluorescent intensity. The results showed that in the first four days, tumor cells became fewer
because of the phagocytosis and decomposition of the macrophage and the trypsins. At about the seventh
day, the tumor cells were equal with the number of the cells on the first day. This adaptive process cost
about one week. In the following days, the tumor began to mount up exponentially. A good linear correlation
was found between the tumor sizes measured by caliper and the BLI signals (FMI signals) determined by
the optical imaging (R? (tumor sizes and BLI signals)=0.9263; R? (tumor sizes and FMI signals)=0.9068; R?
(BLI signals and FMI signals)=0.9961). In addition, to study the tumor angiogenesis, Micro-CT was used to
visualize the tumor blood vessels. The figures clearly displayed the connection between the tumor blood
vessel and heart, liver or lung blood vessels.

Key Words: Bioluminescent imaging; Fluorescent imaging; Micro-computed tomography; Liver tumor
proliferation; Tumor angiogenesis
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