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Portal Vein Clamp and Subsequent Blood Reflow Enhance Liver Metastasis
of Colon ACL-15 Cells Administered Intrasplenically in F344/DU Rats

Makoto YAMAMOTO and Kazuhiko ASANUMA
Department of Histology and Embryology, Shinshu University School of Medicine

We explored the relationship between transient portal vein clamping (TPVC)-induced adhesion molecule
expression in the liver and liver metastasis. TPVC was achieved by clamping the portal vein of male F344/
DU rats for 15 min. For the investigation of liver metastasis, the portal vein was clamped in experimental rats
and simple laparotomy was performed in control rats at the first operation. All rats were injected 6 and 18 h
post-first surgery with 4.0x10® ACL-15 colon carcinoma cells intrasplenically. The number of tumor nodules
on the liver surface was determined 14 days later. For the investigation of gene and protein expression in the
liver, E-selectin, vascular cell adhesion molecule-1 (VCAM-1), and intercellular adhesion molecule-1 ICAM-
1) were determined 6 or 18 h after the first operation by quantitative RT-PCR for m~-RNAs and immunohisto-
chemical staining for proteins. Portal vein-clamped rats had significantly more liver metastatic foci than did
unclamped controls. TPVC enhanced mRNA and protein expression of E-selectin, VCAM-1, and ICAM-1 on
the liver in experimental rats, except for m-RNA ICAM-1 expression at 18h post surgery. It is supposed that
factors produced by TPVC can upregulate the mRNA and protein expression of E-selectin, VCAM-1, and
ICAM-1 on the liver, which may facilitate liver metastasis. Shinshu Med ] 59 : 249—257, 2011
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BAL, W80 CTHRE Lz, HEROHICIZE

FEFFFE 28 1em B THID H L 7z,

3 RNA o & E-selectin, VCAM-1, ICAM-1
DN = reverse transcription (RT) -PCR
Total RNA D% Rneasy Mini Kit (QIAGEN,

Inc., Chatsworth, CA, USA) ZHWTIT>72, 5 ugd

total RNA @ RT-PCR & SuperScript II (Invitro-

gen, CA, USA) ZHw<7a b a—)Vil@hicfT> 7,

RTTHE & 17z first-Strand cDNA KIS (2850 xl)

2 ul %= w1, E-selectin, VCAM-1, ICAM -1,
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77 b —RESDY A 7NV ERETE, TTo7 (F1),
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O — X7 VICEEIE, TFY VAT uxA FTREL,

NIH Image % H\>T (NIH, Bethesda, MD, USA),

#£1 PCRO7Z7A4~—8BXUPCR M

Annealing

Gene Primer Sequence L. Cycles
conditions
Eclecry | Forward  5-TGC GAT GCT GCC TAC TTG TG-¥ 6 G Lmin ”
Reverse  5-AGA GAG TGC CAC TAC CAA GGG A-3 ’
Forward  5-GGCTCG TAC ACC ATC CGC-3 . .
VEAMIL ¢ verse 5-CGG TTT TCG ATT CAC ACT CGT-3' 65°C, 1min 2
Forward  5-AAA CGG GAG ATG AA T GGT ACC TAC-3 | .
ICAM-1 Reverse  5-TGC ACG TCC CTG GTG ATA CTC-3’ 64°C, 1 min 2
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2 REREICE T 2EREE, FEES X PRI R & Wi, FE
EOHEMIX mean = SEM
C6 C18 P6 P18
MRS 0/10 (0%) 0/10 (0%) 8/15 (53%) 9/15 (60%)
FFEZ (2) 7.7£0.11 7.6£0.11 8.940.58 7.840.09
T2 I
0 10 10 7 6
1-5 0 0 0 9
6-10 0 0 0 0
1120 F 0 0 8 0
ZFNZENDY > 7V D beta-actin & @ intensity D E L7z,
R (relative intensity) EtE 21757,
- V)RR m o 8

4 SEERHRR RO

I U 728855210 %) v EEREE R v~ ) >~ (pH
7.4) &M TRIABIFHEER ST 7 4 YICUHE L7z,
ZONRNT 7 4 AT ay 7 XD 4 pm OEYIVIA %
ER LA T4 7 Z B LTz, F v i Ty
774, =8/ —=NVRIITEAKLL I8, FERT
0.3% H,OIRIMA Y 7 — VER L300 RIS+ A
A~V F v 7 —CIEEEANEL L 72, i,
Vitko 7 vy ¥ > 7 %2175 72, goat polyclonal
anti-E-selectin (diluted at 1 :100), goat poly-
clonal anti-VCAM-1 (diluted at 1 :200), mouse
anti-ICAM-1 (diluted at 1 :100)
(Santa Cruz Biotechnology, Inc. Santa Cruz, CA,
USA) Z—Xk¥ifk e LT, Z2iRT 1 RIS S ¢ 724,
ELITE ABC kit (Vector, Burlingame, CA, USA) %
vy, Avidin-Biotin Peroxidase Complex % (ABC
) 12 T{T - 7z, E-selectin 8 & ¢ VCAM-112 % L
T & biotinylated rabbit anti-goat 1gG, ICAM-1iZ
%t L T i biotinylated rabbit antimouse IgG & =&
T30 KIG S ¥, & 512 ABCYEW £ 604> [ MG &
7%, DABWR L RKIGS®A[H L7z, ~= M F
) I TR 21TV, E-selecting, VCAM-1,
ICAM-10B B & U OERAE DR S % ik
T 1HfEDH20 56 2 H\IERAICHE L THEL, B
HEEEZRH L 7,
C fRET=AIRET

FER 1L ICBI 2EREZHDIT7 v s OBOEERT
D Lt 1d Fisher’s exact test T, EE 1 TOEEM D
FFEROILE, B XL U5 2 TO relative intensity
B X OB E B R o i i Mann-Whitney U-
test TITV, fBERES BT 2L THEZDHD L

polyclonal
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WHEAT 251 (Mg T#5) BFEIfTbh Ty
3, BEBICBHET A2FERFICX— Ry XA2HNT
T Twa 9, EHEOMERC L X% T, i
LR A U NIRRT I B U 2 i EME R O
E, 35N 7 74 AMERIC X SHARKIGFERES
2 HERBRE O T T T X 2 TENRLTwS, Ll
TS DERDI- O, EREENE L2 OIERET
DOFFFCIIEHET E 2 LI REDSD Y, I, M, &
75 ¥ D% I EniERe ORI 3 IR~ O SR AL
L 2ERETVBHVENS 2 ERE W, MR
fazEAT 2 FRICB W THFHEBEICIZIE S D E K
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FRILT % EFZ 5T 510710,
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ZOPIENHERT 217, E-kv o7 FviE, ¥ 7 Vv
Le*Hilfa > 7 Vv LeHui & F6 B U 72 Fefi el 3 14
Nz MR ~BEE T % I W] DB T DB B A & = SR
LTw3®, E-¥xv27F>m-RNA X, IL-1, IL-6,
TNF-a 2 EDH A + 7 A > ORI TIE N KRR
FHLL, BLZ 205 4KHTRAICZ D 24K/ T
WR%Y, E-kVv 7 F ik sl EHc LY
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late antigen-4 (VLA-4), lymphocyte function-as
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1R ICAM-1IZ 2 I CE — 27 2B D D2 & & 721
e & < 3, ICAM-10 phorbol ester Iz & D 5] &
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WEERIZHER, L OffiER L, E-vV 27 F v BLU
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ICAM-10 m-RNA 2B U CTIZFIAREWT 6 R 1
FERRIEA 21T o 7o FEIC BBLOBER LA sz,
nooZ Ly, MIREMICEIVE-vv 75,
VCAM-1, X W ICAM-10OFEHH 2 W\ i3858 A
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FIEREICTH, HEENKICBT2E-vv 7 T
>, VCAM-1, X 08 ICAM-1% 1 D PR HEWTEE 1
BUsarybu—VEHIOHT 2EBRFEEPIRD o
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DFFIL, ERBORETEIHRL TR WE-¥ L7
FUEEIE 2 BRI S FEBLL 4 55 5 BgIc v —
77, VCAM-1EH b AREFKHE NNy - % L
D 4 BFEINI S FER UK SEFEIE — 7 L7k 5, RN
RETHLRVZRELFEHEZ L T3 ICAM-1EH
X2 REREIAL A & FEBIIEER L, Z WS REFEFRGE 3
2WEWEIN TS, $E-kv v 7 F I3
EEICEA LSS, 1RM%ZIC m-RNA 3 —
7LD, 6% S 48K ICE E DOFENEED
55, ICAM-1E A OFILIL IR T 2 K
BB X UG THEESED 5N EY, oDl
e, E-xv 275>, VCAM-1, X U ICAM-1
EHOFBIE m-RNA OFBI» & 4 R AN 133
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SERRL 2 PR A T 5 & 2 B PAN T E-selectin
DFI RS EES NS & OWERDH 208, 1
¥ O —VEETRIFEELTRD & 1L h > 1R RFZED
FERELD, 6B X 18K O MINRGERT I & 2 FINRRNE
ORI, BB L CEERORREEZT Twin
FFEERN Iz IC, E-2v 25>, VCAM-1, 8LV
ICAM-1EHOHRBE O b1 6 T EFERNTH 5
EDHS M E ST,

FFEEIMPFREVRRE S & 1%, IMIRASEAE U RE I AS B AE
% LM R ORI X B MUIMEBRR DOEE
PE| & 2 I N, MBI T O R EE
ERTIEEE D, MEEGIEEIIHFLLT, A—
NR—FFHA4F, N FaFy LI vhnn okt
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ThoH, BEBIIC L 28 2HERRT 2 7201k
M3 % PR DR RE MR E 7 VB Hw e 5 Z &
BEV, LB ZNSDRFHICEWT, FEHY
R 1M SEBRFE D FERE MATHEI I &, FFREIMZ21Th 2w a
> b a— VERICH U R OSEE 2 E W & L0003
BT RERMER E RS> T 5,

8 O M O MATREE T IRABIIROHEWT L 0 Fik
DIEWIC & BHBEED HNEETH Y, FEREIRD
HEWTFAHRROMIMEER R DEE 2 KT Z A5 T
W3, /NEOEIMIZEE T 285 T, Xanthine-Ox-
dase RE N U TEMRE R IC & 2 BE I IGEHEIE 2
Z L7230 oMk v, 100MOBMo 5555 < 580
5N 5%, %7, REHOBERBIMCEIARMEL > F
FEY X VDR EZ I ICEER—~ 0T =,
IME NI, fFhEka emoELEINE YA Mo A
v, A aY 4N, WMiEECETF (PAF), &
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fafgEEE5| ST 2 o N TW S, BEIEMIK
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PRI BT & RS O FFISER N OREE I L -
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<

AWFE L v, HEEZHEES ¥ 2EEAOERND—
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ICAM-10 m-RNA & X O H O MIRE W E B D
FI T3 ICAM-10 m-RNA O A ICEEZENED &
NIZRFTHBIEnD, ZheDEENTORED
HEOD S TYHHAB O, T & T b kX
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