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Establishment of a Model of Port Site Metastasis in Rabbit: Histological Examination of the Growth
Hirofumi Yamada(Saitama Medical Center, Saitama Medical School, Kawagoe, Saitama 350-8550, Japan)

The port site metastasis (PSM) is a peculiar phenomenon following laparoscopic tumor surgery.
Although the pathomechanisms involved in PSM should be resolved promptly in order to safely expand
the indication of laparoscopic tumor surgery, there have been no useful animal models mimicking the
PSM that is observed in the clinical setting. Conventionally, small animals such as mice and rats were
used as animal experiment model for PSM. This is too far different to represent a model for PSM after
laparoscopic surgery in man. The purpose of this study was to establish a model of PSM in rabbits and
examine the growth characteristics of this model. In experiment-1, the relationship between the number
of tumor cells intraperitoneally inoculated and the frequency of the PSM was examined. Male Japanese
rabbits (n=>5, per group) received intraperitoneal inoculation of one of the three different counts of VX,
cancer cells (Group A; 5x 10° cells, Group B; 5x 10 cells, or Group C; 5x 10° cells). Three days after the
tumor inoculation, rabbits underwent carbon dioxide pneumoperitoneum at 8 mmHg for 30 minutes with
9 ports inserted into the abdomen. The frequency of port site metastasis detected on day 17 was greater
as the number of inoculated VX, cells suspension increased. The frequency of port site metastasis in
group C was 35.6% . Therefore, this model was used in the next experiment. In experiment-2, the same
conditions as in the group C rabbits were used to generate port site metastases in 21 rabbits. The rabbits
were sacrificed to examine the growth characteristics of PSM on days 3, 5, 7, 9, 13, 17, or 23. The first
histological evidence of PSM formation was found on day 13. On day 17, 76 percent of the port sites
developed tumors, and 59% of them invaded into the muscle layer from subperitoneal layer. On day 23,
100% of the port sites developed tumors, and 96% of them were found to invade the muscle layer. These
results suggest that the initial site of growth of the PSM is subperitoneal tissue and the metastasis grows
and invades the muscle layer. Our model is useful because (1) the rabbits, the largest animals with
transplantable tumor cell line, are the closest animal model for PSM in man, (2) it is a relatively stable
source of PSM that is similar to the form seen in clinical setting, and (3) the developing process of PSM
which begins from embedment in the subperitoneal tissue, leading to invasion of muscular layer. In the
future, wide range of applications can be expected from this experimental model.
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REDEZ L O TbNE XS IE->TER. Ly
LN 5, BN 2 RIER TR T, Fil
MEZEENICHEUANT 27DICERECHE AT N
T3 port DR EEBICHE D FFREM L E T < % port site
recurrence (LI PSR), % port site metastasis (LA%
PSM) 7%, REEMAEERERE LTIEHEN TV,
FHiFHEOM EICE > TZOHERETRTLTE TN
EEZOENTVEEDOD?, RELTZDAHZX
LIZRHTH 5.

—77, PSM®D A /1 = X L7z @i, & %W IEPSM
IS BIHIC, MAOERBRETIVNERINT
W5, LTAN, ZDOKESIEmouse” ™, rat™ ),
hamster’ ® 7% & O/N#W# N2 D TH Y, JEEE
DEZRMHT 2R — bDOMIROENZENS, K
TIN5 FFERioETILE LTEHEE SV
Wiz, Sal, bhvbinid, nBAEMESGHKEZ AT %
RRKDOEYITH B5KAZHNTPSMET IV ZIEKT
%E LI, FOROLEREE RN RRE LTz
LT A, kD HHAZET-OTHET 5.
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1. BERERTSHEMREE & PSMEESEE IC DL T DIRET
1-1 VX, fZHRa

VX MR ™ &, HAE f5 1 O %I Tk HE
HrEnizt oz Uk, VX, 2R %Iy z
70, AN (phosphate-buffered saline : PBS) T
3O DIR LTz, Z D%, RPMI-1640 : dimethyl
sulfoxide (DMSO) =10 : 1D Hll i 1% 3% 5 1< F & L
7et%, MRIRZEZRT-70°COBEERE LTz, HFRCE
FE SR 7 R U 7212, 0.25% B U ISy T )b—iR TR
L, “EHIFE7% count U 7z (viability; $710%) . “EflA
& LT5%x10°~5%10°/0.5 ml PBSICA# U714, LItk
DEERICH N .

1-2 Eh

{REE3.0-3.5 kg DEEME HA I s g (3 KRB
Wz, T2 E L TERIFEEEFEO =
(X(iR22-26°C, 1@EE50-60%) OHICHIE L, FEHER
HZ Tz, REEBROTXTORBRYOH D 1,
B EERRAE YRR EHCE DV T Tb N .

1-3 VX, iR DRSRE % 4E

% 1 % sodium pentobarbital (VV I / X > F LY ;
VTR B 25 mg/kg HEMIRIBREE NI, 1 cmd
REERIE R YIB 2 B e, B S 2 ARG U TR
WL ROIFHC /T T2, ARE:5X 10 (n=5), BHE:
5X 10" (n=5), CHf : 5x10°{# (n=5) % PBS 20 ml
WCHAEE LTz, RIRDREREZ % [ LTRSS R DIRED
MR 722, AR i 7R &K 512 23-GrESHEF 7=
FWTHERENICEA LTz, 4-0W%l4% (4-0 Opeporyx IT ;
HARGS (BF), KB I TR & gz /ga L, 3-048
R TR E B g2t L, 2J8ICPAR L 7z,

[

1-4 KEETFICHF B portDER & 1%EE

VX, A DA 3 H #1 [FlAE D sodium pentobarbital
JBR B R IC9AR DX HEM 5 mm port (ENDOCATH ;
Ethicon Endo-Surgery, 50 ZfiA L7z, £9, IS
X OBEE TR Oport 2 A L, —E(LREZH
WT8mmHgOREETAKME Lz, 2D, K1
&K LIEE B e gEs, MR EEAL, Ak
IEER S, 45 PR & port Z IEKk 4 A L 7z
(1) . 3075 ZAfER: Utk MRIENER AT A
WBO portikERIER K O T8k U7zt%, AR & [A]
UNEZ CAR— b 24k L U7z, SRR ML &[4 1S port
site ZFE A EHSA LU 7z, VX, AR 17 H BICESE =
@ sodium pentobarbital Z §#1:d % T & TTNTDXK
WARIEY L&, port siteZ HERMNCEIZ L, Z D%,
[FAE 72 1.5X 1.5 em A TEREL L 72 RV~ VIEER
rhge—HENCTY o H LU, Hematoxilin-Eosin 411 C
FREE L7z,
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1. Portffi AFRA.

2. SRR BRI E PSM D IETERFHA S KE X -
HETEER I DIRET
2-1 g & VX, Hifa

FER1 & AR 75 3.0—-3.8kg D SR (n=21) DEENIC
5X 10°HD VX, M ZFos L 7z.
2-2 iERfHia & PSMERZR

3H 1 (Day3) IC 35#1 & [F AL DA TportDffi A
ATV, REE A A 7% VT8 mmHg D& HE T T305
M5HE Uz, AN D port &k A U=, 4-00%
IR & 3-0f3R1C T2/ TRAMR L 7z, VX, S o
B HDSEA T, 3HH (portifi AE1%Z), 5, 7, 9,
13, 17, 23HHICEAZEMNIC3 D DHEE B e,
port site & LT JEEE R BIZX U 7214, port site % (- fiff
IZ1 em X1 emMICEREL L 72, Z N7z 38 (1§ 3 mm)
TYIO7ZL, KL<V VEE LTz Hematoxilin- Eosin
L THEEL, VXM OB 15 e, HHEIE =,
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O K E IOV TREI LTz,

%7z, port site DYIBRICHENT > T, REHEN O HEEE
fa 7z R0 % 7z ic, RIEANICPBS 20 mlZ2{EA L,
% M5 ml 7% heparinized tubelZ [2]Y L, 700 rpm, 5%3
MITEE Lz, RBHZET, AL TV ARIMERZ
FRZET % 72 DIOKEERE0.05 mlZE Nz 7= DB, FHER
%2 T HE R Nl VX A 2 BE L7z (1X43) .

3. MEtFHEET

5 HED PSM F AR E O EL#R I Fisher D 18 #2414

Tiro Tz,
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1. BERERTSHEMAREL & PSMEESEE I DL T OMEST

PSM O ¥4 RIZAREN4.4% (2/45), BREEN13.3%
(6/45), CHEM35.6% (16/45) ThH b, BEENICHE
Fi9 % VX, MR OB kA2 L T PSM OB L,
CEEDOPSMIZ, AR (P<0.01), BEE(P=0.01) I Lh#g
LCHEICHEMU (X2). A, BEECIZIEEAIC AR
NS S M HRBEHERS 2 HERR T E R o 7hy, CHET
13 5 TS N O RIS 288 0D 2— 3 mm oK D i IR
fizidiz. L LAEDS, CEHIBWVTEPSM LAY
VLB QIR S I R RS 72 IR P IS IS R RE C & 7%
oz,
2. REREP Bt RO & PSM DIEFERSHR S AE X - 18
FEERIDI%ES
2-1 PSM ODEFERHA

PSMiZ, SHEHMMB10HH XTIk, RWIEMN D %
WIiE, FHERAICERS S i o 2. 13 H HIC 1T
@ port site DIFIE I VX MlAAEE L Tns 2 &
MR EICHERR S Nz (K4 . 17H HICPSM i,
FHFR AT 175 O port site (63%) ICFRH B NIz, 23
HHEICX, 26f&FT (96%) D port site THRARM E 721,
FHER A PSM DM ERE S iz (X15) .
2-2 PSMOKAET

FELZPSMOAE X, 1ISHHEICHEELTZ1DH,
1 mmAlwDEDTH-7%. 17THHDOPSMIZ, 17fE T
@ port site H14 & it O port site (24 %) H1 mm Ak il T
»H 0, 12f& O port site (70 %) A1 mmLL |5 mm Ak

P<0.01

AZ¥

b P=0.01
BE¥

n=5
Bt 35.6%

n=5 1 1 1 ]
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THot. 5mmll EOPSMA6FRHICHA « #kZE
SN 1EFTDport site lICFRH BNz, 23HHEHDPSM
F1 mmARHO/NENEDIFE L, 5 mmll FORIE
NS HEERENS % & DM 21T port site (81%)
IR BNz (X6) .
2-3 PSM D E5ESR L

PSM O H4 5l U 7= & 0vi 7 port site 8 7 51l 1< ¥ 7+
I 5L, WA portZz kL UL R RIIC 2 WV T
37, Frmumic bR vportd /L, IZIFHHFIC
BBl LTz (R RICEENENI RN G % &,
BHHEHDIEFTOPSMIEIER FEICHE > TV,
JEEEANDR M E R DT>z, 1ITHHDPSM I, 7
f& P D port site (41%) THHEMNIEIR FEICE EX > T
B0 (X7, 10T Dport site (59 %) HIEME K & /n
5IEEEEICIE L Tz (1X8) . EREETh DR T
5 L TV B PSMIRTEE Liar o 72 (X9) .
2-4 FEREREBEERE & PSM

SR 531 D i e PN sl fE VX, Ml D PR B, 5 H
HICIX 1048 &b LTz, 7HHICIZ10°8 &
o Tz, Z ORIEFENERE VX MBI MiE L, 23H
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n=1
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HI 10 B8 U 7z (K110) . fHER #9163 % 1
PSMAERD 5 NT17THHOKE T, WIRAYIC FEIERE
FEIZED TV o T2, 96% IS HRAYIC PSM AN Ei%E
TNBESICE-T23HETIE, 1THHTHEIERI N
TholZl ~ 2 mml FOEFREFHIEERDEND &
DD, HSMTPSMDIF S BRKEDS Tz,

z £

PSM OFAITIE, fal 5 DT Tl BEfE S O 171
MRETH 5. MOMEESDOHEEFTIX, K— hOfF
)\Eﬁﬁ 11, 13, 14, 16, 20, 21), 36 % b‘Ci[Eﬁ% 17, 18, 24, 25) L:H@%%ﬁ]ﬁ@
#10* ~ 10°M /0.2 ~ 2.0 mI'™ ™ & tumor cell suspension
FREMENICIEAT B &Ik, T3 % ER
T THET 52 EICKDPSMOET IV ZIER LT
WA (£2) . KR I E N IS tumor cell suspension
ZHEANT B & FICE, Mix D 2O IEEAN
ICAFE L, MY O BSHAE A port i {5459 % AT REME
N5, FEEBICANTRHEE RS> TWA00E, FEMEEE
RMELT > T B K 9 s ORI H 5 1K
RETI7% L, D & R U THEYIRRT

=

N o =
7. HERE R8I R28% 51 % port site metastasis.

XI8. HEHR T~ & 0 i/EiciZi L C U % port site metastasis.
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b, B OTREED DI NFifiziTy, Z0M%
HRELTLBPSMTHB. £, [HEEMazEmrbL
TPSM ZAERRT % BT IV T, S Ni-fEEsA
EREMERICHEREL T X, HEIARFIRFRICK o Tl
CAHPSMEIFWVWATE, —RNICEEZSEEZILN
L5PSMOFERHEEZRTZ VWS BEAN5E, Rk
EFNVERRVVERN, Db NOEEBR T, FEEM
MPBHEINTHLIHEBICR— R ERALTED, HE
BCR— b2 AT BT, S S EN O
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WINHLDGTNICH S E DDORIRMICIZFRIET % T
EDHRTZV, WDIXBENMNERIREETH D, H
B NRIDOFAy LV IKREICH D EEZ BN 5. L
&, MEHENIC VX Mz R L CTh 5 3HRICIE, i
BEAID OIFAEERAL T IRIEN RIRICTIEN O, VX Az
FEHE U 72 5B & 7 A U 7z port OEBAL & DRERIZIE & A
Eixw., FC T, ECiCportZii AT BMNITDONTIE,
VX AR DIEIEAN T OIFAESALIE T H L 2 % &%
ZAbNhb.
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Animal Cells Pressure :Duration:No. inoculated : Volume : Fisrt author . Year
mouse MMC 6 30 1x10%r1x10° 0.1 Allendorf 1995
rat CC531 6 30 5x10° 1 Bouvy 1996
rat CC531 4 20 5x10° 1 Bouvy 1996
rat CC53 10 15 1x10* 1 Hubens 1996
rat DAMA 2 60 2x10° 0.2 Mathew 1996
mouse colon 26 510 10l 1x10° 0.1 Whelan 1996
rat CC531 6 45 5x10° 1 Bouvy 1997
rat DAMA 6 30 1x108 1 Mathew 1997
mouse MMC 6 30 1x10° 0.1 Allendorf 1998
mice colon 26 6 15 1x10° 0.1 Lee 1998
rat DHD-K12-TRb 15 10 2x10° 2 Paik 1998
rat CC531 S 6 20 5x10° 1 Tseng 1998
hamster GW-39 10 10 1.6-3.2x10° 0.5 Wu 1998
hamster GW-39 10 10 8x10° 05 Wu 1998
rat DHD-K12-TRb 5 15 1x10° 1 Eshraghi 1999
rat CC5h31 S 6 20 1x10° 1 Pauwels 1999
mouse RENCA 5 15 1x10° 0.5 Tsivian 2000
mouse MKN45 HGCCL 6 30 5x10* 1 Yamaguchi 2001
mouse colon 26 6 30 5x10° 1 Yamaguchi 2001
pig HelLa 12 69 1x10’ 1 Schneider 2001
hamster GW-39 05,10 10 2.5w/v 0.6 Moreira 2001
rabbit VX2 8 N/A 1.7-2.3x10° 1.5-2 : Wilkinson 2001
mouse MKN45 HGCCL 6 20 5x10° 0.4 Hirabayashi 2002
pressure; mmHg  Duration; min ~ Volume, ml  No. inoculated: Number of inoculated cells
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VX, a7z 7z PSM D328k, Db AT
13 Wilkinson 5 Ot % DFHTH 5. Wilkinson
5, VX, ilrasiin 7z B wiic a L, BEIESE ~o
PSM OFAEIC DV THGETZ LTz, h b OEERIZ FAli
H1 0 manipulation I X - THEBERE E NI AT U 72 VX,
MIRIC K> TPSMARETHETIVTH D, Db
no & EEEMRZRERENICEA L, BN
HRFSIRRBIC L7 SR L 1d 75 % . TSI HIDR 2 72 1 fill
NFICFM 217 5 B O K £ O bt
T BHERESE N iR OPSM & LT, BIEM RN
IEIRRET H 5 b b DT 7 )LD J5H Wilkinson 5
DZFNEOBWYITHSLEZAENS. bhbhDE
7V TIE PSM AR EED 5 N 2 RIS I3 AR
FETDRBETERVRETEITHD, PSMIZHED
FNEWSRICE AT H2HHBETIVEVAS.
727120, EROKRGOBIC VX, MilaZBR L T, Hisy
R1%DPSM % Wit T & 2 ETIVHHIENTSH % B,
DNONDT > T EFERIRRET TR ZE U T I EI IR R
BHEZERT AT ENTET (T —2RRER), 5%
DOWFEHE EEZ TV, &E, Shlbhbnh vy
7= VX, g o A MR, EER1OFRICHE D 14H
HICA0% FEEDOHRENRD 5N EHTH 55X 10°MH
& LTz, EBR17%17 5 Aid pilot study Tl&, 5X10*HD
BaAliia 23 A9 % & 14 H HIC 13 Z IR R IR R R IR e
IZ7&D, PSMA T BIEHIR G > Tz

PSM DS TIEZ < OMED/NEIY), FFIC mouse,
rat, & 5 W idhamster Z N TW ez, bbb ISR
ZHWS T EICK > TED AMITEWIRREE TSR T
FiioET IV ENES C & H KTz, mousePrat®
hamster TIEIEEEN#E S, fnjE, MREENE, BEIRDIE
WISHEH W2, portZfi ALTZ0REAELTZD T 5
TEMABIOR—F DA - hE L3I TN TV 5.
F 7z, EEMIEOimplantation M T 572 LT h,
Z DO g U CTHERE DS @ <, i OF
TEGRNLDRFENHE LW BN, ZL T, AT 3
R— I EHOHESPMOD =2 —LZ2HNT
B LEBBED AR HNTWSR— k&, ME
REEDEANED > TL %, rat T AR DR—
WA S IR T B, EREDE XIS
LT haYy A—IERDICEREL, TORNEE
HHZETFIVEZESVEN. Zhic LT, bhbh
MELLTIZETIVTIE, (RED3.0~3.8Kg DEKEZ
WTHEDH, NHTOWARHETRIZEDKE T LIERED
JERNH D, PERDETIVOHRTIEES R IREE
WGEWETIVEFZ 5.

DNONDOWGEITIE, BB TR I NZPSM I
BAZIBHEICHID THERENID, ORI THE
JE T T S 5 oD B MR B Y/ N R 2 TR Rk L CAF
ELTWe, 2 UTC, R, B TEDSHE
WCHBIRICR D SR L TV T EAREEI Nz,

[

L A AR A S VX AR O HESE D RS & 15 LLRT O,
A O TDPSM OHIIAIGRIZHERE & R > Tohy,
ZOHEIEHEBENSHE XD &L U AMRE T EN
HHEDERML Td % & HEW S Nz, Z DR A5 7 fiftiH
T 5HHICE, ZEO VX EGMEZ M L TEistd
% ERRITTIN)V LU 72 B A L C port site &
YR L, RIEZHENR, MERENIE, < L CHilEZEhl
IcountZZf79 72 E LRANELEZ BN, SHOH
BEBZEZTVS. THBZEHS A XS & LIHEER
& L C Hirabayashi 5 A mouse Z VTG L T\ 5.
Hirabayasi 5 * 1%, PSM O ¥4 #] 1A% % nude mouse
b NEEMEZ AWV TRET U, 1S ke
BREZICSEZ TV, portZfi A L TUWA A, port
RZEE % K D port-site 1S (3507 Bt J {H T O 15 & D3 i 32
N, 3HEICIEIER T &g e o 5D iR
INzEME LTS, L L, Hirabayashi 5 DE€T
JVTIE, mouse DIFEENHE i IIBHEE N, BT
JERHRE D BEENICIZAH LT LESRETH -2 &
b0, FEOE - OREREETMIC L U CTHEREDHE
MREL, BEEOIREMN L b EIIMNTEINTLE ST
WA EWREENS.

Tseng 5" 1%, MR OEEEIE AN S 77 A i By
1 & 71 (aerosolization) , JEEED port & f & DRICTE
% & 1% pressure gradient | fi > TR AN ENT
% chimney effect " PSM OFAEICEETH S LB L
TW5. Champault 5%, FZELDFHiHE D porth 5
IR HT A% T 4 )V 2 —"ThIL L, REHEA R AR
SN WL, MREES PRI CESEBICKD
RAELUEN FOAMRZESC EZREH L. —7,
Whelan 50 X 5 1C, HiIC aerosolization 72 J T3,
NEEEIC AT S 2 Rl Ot &V R S BIRDJRIA &
a5V EVIEREHS. bNDONOERTYL,
RYNCHRA U Tz porth 5 IR IE A A DIEK 2T, ZD
R— M ZRAINCHRE LT, RIENDRKRIE T A% leak &
Bh, fhdportic ki L TPSMA R HKTL %
CLEEHHKETLBT L% <, chimney effect &
PSM DIE5ED B2 R I B85 RIE 1S D x> 7e.

PSMODJFEK & UTHMN A oy h—Iic X 5 Ji#
ERIAEDEEEANDE D I ZEHT 2 HMEE H 5.
s, PSMAHBICHFEL TR ENEho T
28, b I E U T AN g 1 B D A
N, BiEIMSHELTLSBDTHAS LWVIHFN
Ho1P. TO/AICE L TReymond 5 V1%, Wl
B OREEIENEEMRE D & EIEINE NIZIEKD h oy
A — 2R BT DWW TR 70 A 2 R G 72
79 C LT, REEH A K 2% NEDNES 2 IR f
FEERAIIC transfer 9™ % D Tl37x <, Fifigs H P portH
transfer 9 2 JRXNH 5 EWME L TN 5.

PSM 7z 719 % FERIRE DD BAT DN TV 5.
Eshraghi 5 1%, %/l T IC port site & 4= Bl & 15 7k 5
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AN Uk, 5-fluoruracil (5-Fu) 181k 7% & TikE7x
1TV, AR VT, PSMIZa Y b
O—)L EIicE=N > 7ehd, 5-Fuidiki DO HPSM % A
BICHDEREERELTWVWS. £72, Wub® 3,
AL TH - Izport D Z i %ICYIBRT % & PSM
MABICHDLEZERELTVS. ThE DRI
PSM OFAEBG IEIC 3 ENMCHE R RE#RE S Z TV
50, PSMOYIABICOWTIEFE A ERIEL TH
59, ZTORNLBEZEHIAL TWinw. SEl0IE
Tl&, PSM O L {1 C Z et T 0n, w1
GO HEHHEFE DB 51X, JEIE FHEERICEIRL T,
EANCEm L T T EARB I N, SEbNnb
NOEH 2 PSM T O EBRIMREHT I TE % &5
AbN5.

&

1. KRRV JEEZHWVTE D AMIEWIREETOD
PSM DFEERE T IV ERR LTz,

2. PSMO¥41E, BEREMNICHIldZBM L T1I3HH,
kv A—5 A L2110 H HIC )& THBR
IR EI Nz,

3. SEIOKEIN S T < IO PSM Bk A -
Fehy,  Z OHGEE R D IEIE RIS LTz
M SFRAEL, FHEICIRMLTYL T ENRE
Nz,

4. RETIVIIPSM Z P9 2 RRE LTHH TS
LLEZBENS.

E I

MziA5IcChlzb, HRE, HKREZEHD XL
el EERREZRGERE Y VX — N R 28 E AT
BAREBIRICHERM B LT, £, AR ZZTT
BICHIZ0, EREHEEZTHE X LN ST
BBRICHEH 2L ET. RigXoBEFIE, #1700
Biennial Congress of international society of University
Colon and Rectal Surgeons; 199846 H, Malmé & 28
53[0 HASTH L AR "2 At ey 3 199942 H, HHRICTHE
#£LT.
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