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Human Lung Cancer Cell Xenografts Implanted under
the Capsule of Kidney, Spleen and Liver

Soo Hyun Kim, M.D.*, Jong In Kim, M.D.*, Hae Young Lee, M.D.*
Bhong Gyun Jo, M.D.*, Sung Dal Park, M.D.*, Song Myung Kim, M.D.*

Background: Complete resection by the surgery has been selected as the treatment of choice in lung cancer
patients, but in cases of recurrence after excision or inoperable cases, the importance of anticancer chemotherapy
has been emphasized. If one can select a set of the sensitive chemotherapeutic agents before anticancer
chemotherapy, it will give more favourable results. Subrenal capsular assay has been recognized as a useful
in-vivo chemosensitivity test of thoracic and abdominal tumors and it can be done in a short time for a rapid
interpretation of tumor responsiveness to anticancer chemotherapeutic drugs. It has been reported that various kinds
of cancer cells can be implantable to the kidney, but so far there is no comparative study of xenogeneic cell
implantation on liver, spleen and kidney. The author implanted the human lung cancer cells under the capsule of
S.D rat's fiver, spleen and kidney respectively and compared the pattern of growth and histology. Material and
Method: After incubation of human lung cancer cell line (SW-900 G IV) in RPMI 1640 (Leibovitz L-15 medium)
culture media, 3x3x3 mm size fibrin clots which contain 10° cancer cells were made. Thereafter the fibrin clots
were implanted at subcapsule area of liver, spleen and kidney of S.D. female rat. For immune suppression,
cyclosporin-A (80 mg/Kg) was injected subcutaneously daily from post-implantation first day to sixth day. The body
weight was measured at pre and post implantation periods. The growth pattern and the size of tumor mass were
observed and the pathologic examination and serum tumor marker tests were performed. Result: Body weight
increased in both of control and experimental groups. Serum Cyfra 21-1 was not detected. Serum levels of CEA
and NSE revealed no significant change. The SCC-Ag increased significantly in implanted group. The growth rate
of human lung cancer cells which was implanted on spleen was higher than on liver or kidney. The surface area,
thickness, and volume of tumor mass were predominant at spleen. The success rates of implantation were 80%
on kidney, 76.7% on spleen and 43.3% on liver. Pathologic examination of implanted tumors showed characteristic
findings according to different organs. Tumors that were implanted on kidney grew in a round shape, small and
regular pattern. In the spleen, tumors grew well and microscopic neovascularization and tumor thrombi were also
found, but the growth pattern was irregular representing frequent daughter mass. Human lung cancer cells that
were implanted in the liver, invaded to the liver parenchyme, and had low success rate of implantation.
Microscopically, coagulation necrosis and myxoid fibrous lesion were observed. Conclusion: The success rate of
implantation was highest in the kidney. And the mass revealed regular growth that could be measured easily. The
SCC-Ag was presented earlier than CEA or Cyfra21-1. The Cyfra21-1 was not detected at early time after
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implantation. The best model for tumor implantation experiment for chemosensitivity test was subrenal capsular
analysis than liver and spleen and the useful serum tumor marker in early period of implantation was the SCC-Ag.

(Korean J Thorac Cardiovasc Surg 2003;36:711-720)
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Al 7z AR g E A% ou] Ao
Al s Woll A Alfete 274 AASE A H(in
ViV0)°ﬂ‘1 AlAss Aol Qldk. A | AY F <l
A| o]%-o| 4] (human xenograft) A& el F 44 (orthotopic)
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W} oi&] kA ZEF7] TAVE BAste] g ¥ X B} ol
S o]H YA =2 FHE}E heterotopictt H-Hu} vz
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o g Ba} Aol oFHE Bl ER Aholch
Alg]ubsl E Al (subrenal capsular assay, SRCA)[1-8]<
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Aol AL3F E5-2 Spague Dawely A9 A 2F
(I3} S.D. &) 35ute] & AESA R 2T Svfel, AT
30uke] At AF 250~320 gme] Mol Slsict.
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() NEF I MEHHE: 2 gl AL =AIgAE
(SW-900 G V)&= =% %“01]‘1 QA =T} Wl =2 Jﬂ"“
AFELEF o g7 A EF-L8Y(Korean cell line bank, KCLB)
ol 4= ‘&EIH AE GF3t wiFdell A AAAIT Al
FR oM 2E2E olglo] ARt EA AEFE 1
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EZ7r Mo g =9k ojo] AH&9l clean bench ol A]
70% AF-ZH Goll Yol APA HAE 7MIELeA &5
Rk =l FAEF(SW-900 G 1V)9] ok AlEH-f-oY
QA 28] 7] (Hitachi 05PR-22 Japan) 1000 RPMoj| 3E-7}

Adelste] wiokg §7]ol Yol 37°C 5% COv} 37+
uek7](CO, Incubator, Jauan, France)ol|A] wlj<ks]9ir}).

o] AFg3k wfokelS RPMI 1,640 wiokoH(Leibovits L-15
medium)o] ¢ TH10].

(2) Fibrin clot ®|X: Fibrin clot2- Fingert{11,12]¢} o=l
o E13je] 24 Byoz Azasic vk ehad
£7] Exlol el BEoz ZAFY HGAEF
(SW-900 G 1IV)E phosphate 2+3 A32]4]9d<4=(phosphate
buffer saline, PBS) & A% &+ % trypsin-EDTA (Gibco, USA)
FHRog Helsto] X Atleo g BE & PEEA
(fetal bovine serum)o] Y+ A4 wjkH O 2 trypsinEDTA
9} AERAHIE AAZ] 3 1,000 pme 2 5571 33)
A& 3 & hemocytometerZ o] &30} AITFE 243}
o] AES5 10015 2s}o] microcentrifuge tubeol] 9= Al
£ pelleto] 15 £12] human fibrinogen (F-4129, 20 mg/ml,
Sigma USA)E 713t ¥ Al27} 3§ B4ARAE 714
Al 3t T v} 8419 human thrombin (T-6884 20
units/ml, Sigma USA)yS Z+& wbHo g Zslo] X713 %=
37°Coll A 10~ 1587+ WX sfo] A EZE fibrin clot &
"2 Azsget o] ul] fibrin clot> AEI}L 90%,
fibrinogen¥} thrombin 4] F-o] 10% o|W7} HEE i}
fibrin clot2 petri dishol] $AH A 3X3X3 mm =7]2] AH
o2 ol o4& AEsisich
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olu] RkFo]Al fibrin clotE& AHE HAAZ FAHE
Asdsle] o] A3t # 9 EHE No3 HAAR df %
et F q2 FEAsddA A FE F 7YA
742y # 9 FAIE oA F83 F vhA] ether whH I A
goto] shg Aol A oF 4 cco] NG AF3 ¥ AT
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4) HAAHF|: o]Fo]4](xenogeneic cell implantation)ol]
e AR w2 A7) el cyclosporin A (Cypol®
Sandoz, FotAIHE € F 1~6971A 80 mg/kgs 3}

Z A5k

() WElaHS ZANSY: T2ael §o o gAR A
% A5 A \@lpen2 A7 75 Ed 27
A%, 2% U FAE Az %S F @ud A4

=
5
£ $J%}o] H-E (Hematoxylin -Eosin) %d4-& AA]s}3it}.
6) Ol MH: of4] Ao vug fsto] A, A
5 AA vl g4, oY F AR Hbs glo] Aol
o] Folzle7}, AAl, A o4 AR T 27E A
gt wiAlTte 2 el 23 AAE FF A fF
o} M FE A AHApoptosis) 7 B BF AEE ML HE
stelet
(7 5 EX| X} ZAHTumor markers): S.D. 2] A
FgollA A AXFE AL v 9 el o] F o] 43 7
d F ether W} & JHEste] Ak, wlA AA} 7hei 4
YREE AAT F 3 AHA N He 4R

N o

F o

cyfra 21190 ABAAE A% shoich delobd
(CEA)Z} 21739 Eof enolase (NSE)& B BAMAE 4
W (enzyme immunoassay)-& ©]-&3%F CEA EIAII®} NSE
EIAIl Kits (Roche diagnostic GmbH, D-68298 Mannheim,
Germany) 2 A #7AE #F3ith Cyfra 21-12 HAZ
A ®(immunoradiometric assay)g ©]-&% Cyfra IRMA Kit
(Fujirebio diagnostics Inc, USA)E A=A AE s1qic). =
A|EZorE Tl 3491 (Squamous cell carcinoma associated
antigen: SCC Ag)-< Mx® scc assay Kit (Abbott laborato-
ries, USA)S A-83}0] microparticle ¥ 4mod B AH-E o]
230l AFAAE sheleh

@) SAAMZ: FX+ FF+EFHARE FABAL 5
AHE 242 9)slo] SPSS EAI(SPSS inc. USA, Version
10.0) Z2ae#g o] 83} o Student T test, ANOVA
testE dF1.2m pghe] 005 vkl A5 FelAe] sl
Ao g 7hsigict.
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Table 1. The changes of weight in experimental animals

Number Body weight (gm)
Groups of
rats Implant Autopsy
Control group 5 281.0t1524 291.4+1842

Experimental group 30 271.3+£3491* 2859427.1*%

*Interval change of body weight between implant and autopsy
(p<0.007).

Table 2. The serum tumor markers of experimental animals
after xenograft of human lung cancer cell line

Values (ng/ml)

Tumor markers

Control rats Xenograft rats
CEA 43+40 44+52
NSE 03+0.1 0302
SCC-Ag 0.1+0.1% 0.410.4*%
Cyfra 21-1 Not detected Not detected

CEA-=carcinoembryonic antigen; NSE=neuron specific enolase;
SCC-Ag=squamous cell carcinoma antigen; *p<0.004.

= o}

D &E SD. 7o NSzt

zge oA A A|Fo] 28111524 gmollA o]4] &
B Ao 291441842 gmO & 104 gm Z7}E gz A
ol e o4 A 271.3+3491 gmollA] 7 Aol
2859+ 27.1 gmO 2 14.6 gme §23 AHEZ71E KB
E}(p<0 007). tizFolut AT BFollA 158 Zhol] A
27171 dgen olzdl widte A AFZv)e]
Hde}a}l A7E Ed AdFoAe BARYU 94
< AR H(p<0.007) ARl o3k Frle] ouj& opd
o2 ek rh(Table 1).

2) 23 HEXIXS HE AL 4H
BA A AP FYollA] CEA, NSE, SCC Agd Cyfra
21-18 27 AgAAsglch 94 CEAE tizTollA 43
+4.0 ng/mio] 3 AHTANAE 44452 ngml2 {3
zpol7} ¢lglm VA NSEE: thzFo] 03+0.1 ng/mlo]g]
T AFFAAE 03102 ngmlE 218k ol7} giglet.

Table 3. The parameters of growing tumor after xenograft of
human lung cancer cell line

Subcapsular assay site

Parameters
Kidney Spleen Liver

Number of

-um er o . 30 130 30
implanted site
Tumor surace 334 yge  grasyner  3gra3e
area (mm°)
Tumor thickness 2441165 364 1.64% %% 194146
(mm)
Tumo; volume 82+ 50% 3284231% F* 1194248+
(mm’)
Rate of

ae o 80 76.7 433

growth (%)

*Tumor mass differences between kidney and spleen (p<
0.001); **Tumor mass differences between spleen and live r(p
<0.009).

A SCC-AgE thzo| 0.1+01 ngmio]y AHTF &
04+04 ngmlZ §-23 F7Hp<0.004)7} Aem cyfra
211 dzF, AT 4% o A& F9kk(Table 2).

3) O Higt MEFo| ML MIE

olA] & 79zke] A F Foko] A2 n|Aell o]4
g Zoko] AZx Z7|7} 87+53 mm’E, 7HAo] 38+43
mm’ 18|31 Al#o] 33+16 mm’EA] u]A ol u]a /}lzkﬂ}
ZHo]l FoslAl AL HeolE HAd(m|AT AA p<
0.001, u]&3} 7h3F p<0.009). AAsl Fokol Trzﬂ% n|#
o] 3.6+1.64 mmZ AU FAHoH c}&o g AlAo] 2
+1.16 mmZ 5 #sgd o 7HAlo] 1.9+1.46 mmE 7}A}
& FAE Edvh B A A Fokd v)Ato] 328+
231 mm’Z 714 2 2598 Byl3 7hgo] 1194248 mm’
2 g B BT AL 82452 mm'E AY A
< B9 E Bt vje] AAwt e ulsl] AR S
2 % Hol7t e A& vebtmATH A4 p<
0.001, w43} 7Hd p<0.009). FTHA-E u|go] 779+
52.92 mm’o]w] Al#bo] 23.9+16.34 mm’o]x 7+Ake] 289
+43.14 mm’ 24 B]AHol] Hlske] A3 zhatol &
A WA S EAvke)gat A p<0.001, v 3 p
&
Al
=3

Of

[o

Zp.

<0.009). 8]AFo|} FhAl A Al Fokl F
Holz] Faki @7]9 Aol7t gt Al
o2 AR e ula 277} 798 574
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Table 4. The characteristics of gross and microscopic findings of implanted tumor mass
Implanted site . .
Gross features Kidney Spleen Liver
Gross finding
Shape of margin Round Irregular Smooth
Size Small Large Medium
Growth direction Flat Spherical Inner
Daughter tumor + ++ —
Associated microscopic features Lymphocyte Lymphocyte Lymphocyte
Fibroblast Angiogenesis Intraparenchymal growing

Tumor emboli

Coagulation necrosis myxoid fibrosis

At Aol A o]Ajgt Foko] AAst AL 30vie] F
24u}e| 3 oulelol A &t o Z Fofo] HolA] oo}
A o] A AFEo] 80%UL HAL 30u}al Z 23u}]of] 4]
Zoko] AAslo] 76.7%9] o4 AFES Hlom THA
3oute] F 13ufollA] Foko] A }04 43.3%9] o4 A
TES HdogH o)A AFEL AR ve] vl
i 7Hge] oA AFEe] AlY Ygtrk(Table 3).

1 olMBYel Koty 4

Al akslol] o] Ag A EF] AT 2gE H]
2F FE3 AHHs Hele A2 HA Hiled

daughter Eo¥o] 7}E WAH ulAT el o] A%

HGAEFE AT ko] Ads] EitHete] F4 0

[}
B B 44 5AE Bon FAZ FEHA <
A HelE HolwA daughter FoFo] &3] WA=l
k. Zhuutetol o] Alet wIFA|EFE FHo] wlaH
3] FEES 2718 AW F2 A e ke
EAe] Qlom daughter F4E A o] A gkt
(Table 4, Fig. 1).

5 0IAZY BOIZE A

Asiehslel A% FEe YATY AE 274%
she) 4Ql AREAEY FHo] JglehFig. 2). 1))
stolol o] A8t Foke UshTe AR WAl AHF
Hol3 ok Wlo] B ol WA ATHFig 3). 7]
shefol ol A8t FhE AT NFRY AAE F2elo] o
A TS A3t Wie) 3 A4 BAsgen 4
Aok 462 Wbt £z BAHUTHTabe 4, Fig. 4. 3
% olAoll AskelAe o, Asise] A5, 94 9

Fig. 1. The gross findings of growing tumor mass at kidney,
spleen and liver after xenograft of human lung cancer cell line.

= (Fig. 6), 291%319) 73—?—, S0 94 9

AAE S o JSUeHFig. .
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PR 2okl Aol 9lo] 3714 83 848 XA, Al
EIrq Ex), "3A M(angiogenesis), AlA|, X <(invasi-
veness)o] e}l BurbH otAF g Fioll wet 374 24
Eol Axo wtehd AR G F eH14] AgolA F
gzt QA HAJAEFE AL mRE FAES] T4
7 AFEL §YF A=Az & 4 Ik asv ¥

AL AR, v ZHA7ke) Xpolrt Qlvkar AlzbEw
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Fig. 2. The microscopic findings of tumor mass at kidney. (A) The tumor cells are seen in the peripheral fat tissue with background
of inflammation (H&E stain, x40). (B) A tumor mass is seen in the peripheral fat tissue, accompanied with fibroblast proliferation
and an aggregation of lymphocytes (arrow) (H&E stain, < 200).

Fig. 3. The microscopic findings of perisplenic tumor mass and tumor thrombosis. (A) Perisplenic tumor mass associated with
inflammatory change (H&E stain, x40). (B) Tumor thrombosis {arrow) in the perisplenic fat tissue (H&E stain, x100).

Fig. 4. The microscopic findings of tumor mass at liver. (A} Intraparenchymal tumor mass of the liver with coagulation necrosis
(arrow) (H&E stain, x<40). (B) Pericapsular tumor mass (arrow) with abundant myxoid stroma (H&E stain, x 200).
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Fig. 5. The microscopic findings of autopsied kidney disclose
hemorrhage only without distinct tumor mass (H&E stain, x40).

Fig. 6. The microscopic findings of autopsied spleen disclose
inflammatory change in the pericapsular fat tissue without
distinct tumor mass (H&E stain, x 100).

AAL F 7)5o| ofFglog o)y FAHMHNA A4
2ofo] 4upHoz For HAe S4doz Fum
(hypervascular) 7]3o|r] whaiAl A A E Al(mononuclear pha-
gocytic system)9] 7} & wh97| B o2 v A9 FQ 7|
Bezd Wie H4TEE 99 el YxTe
A% B JZ2A e T B ATTE 242 A

e
A
uicy

"

A o A4 weduk-Sofl Bojdivhs 2 A YA
Ack. A FEAT A GFe Hagl “JLOﬂ Eay
o] loug QrA|E o] Ao ojuigt aFE A= H
8] walA QIR gt WlHoll Edelstein 3[4 4 %
< slell o]4)ete] A7 vl glonF HelzAS FH
v B8 wsle] wll-g- A o]AE F Qe Aol

Fig. 7. The microscopic findings of autopsied liver disclose
hemorrhage and coagulation necrosis (arrow) without distinct
tumor mass (H&E stain, x40).

W o4 ¥ 47l £ 4
AsE3E ot ses 2 A7) vl W
UFES AdFegE R
Aol v] A{Y Aoz 4=t
#He] gttt gole A8 FFY FAEol Sl
Avt dubd o2 A wo] ALEE ZALE NIC (Navel-
bine, Ifosfamide, Cis-platinum) regimeno] Jo.w[15] &
gemcitabine[16]9]] ©]o] A] Iressa[17]7} 7|et=lo] AkA] =]
o X2 £ FoE gt U B} Aol
MY wjulgt Aol A EE A4S BetaAl B4
4ol e A% A2 ol ¢ 5 sleh Aol B

£ 89 + 9e Aol

E o] ol A& Bogden E[2,3]0] AH-£-3F nude mouseH.t}
Aol $73 SD. FAHAE A&7 HYJAA
@l cyclosporin AE FA}3}¢ T} Cyclosporin Ax & <A
A2 THZFo| Aefxoz 2-8slo] lymphokinedtAl
g & AAANTI2Z[18,19] £ AgollAE cyclosporin
AE oA F 19 RE] 697 Tl FYslod o]F o4
ol 2 F4 AREE JAste xS AR
JEF B3ich

Neuron specific enolase (2-phospho-D-glycerate-hydrolase)
€ A Bkolw FEANAE o, B, 4 3%+ subunit
2 3 200AR aa, BB, 77, aB, arS S7HA THEL
7P Ut of F ysubunitE > FE AHAEL FAE7]o

EAs7] wj el A7 5ol enolaseet i HHE e}

I % ARWENAL, Yo, YT 2 ALTIE 9
2ol g AFNE 243} 4% LA =g
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Sold = vk AEgel FeA 471 Fde EAAEA
AgH T QeH0L B AToH NSES F4% ol fmi
YR HAAE HFe] FPlAE FALEHE it 9
7 Wgel} B AFAE F7hHA dhsieh CEAE ¥
Ak 20%, AAAS 1859 4 g4 grmoz P
& A5 WHA A shork HAEA BHEAE 33
Yot Pulg CEAE ¥F02 o 43l YF CEAL:
o <3 tHAEITH2IL B BFelE vF EAsa
Aol CEA $57 2714 ol ol ¥ 5 9lck @
CEAS] Z7+% Hol: o4 A%L ek g 1
FHEE ettt uE AR FYE Holt o
7 QA% ¢ screeningsl ©] 7 SJel} ot =
NGl FHES AT Y3 Aol FHE
o ¥tk 2 BE 8 AFoIA % screeningell = ¥AH
ohn 473 Qe B ATOIAE % AN EFE

3 okzre] Z40] Y9lon} W5l CEAS 37
2w Sl ol2A Fa Aoz A7 73 2
2ol AR WA ALEAR cyfra 201 AE
Ak Keratin199) S35 Helolo] gl F
2 e A, s N2 AP AT 9
[15,21).

19974 Zeied E2218] ATl el QA =gk 24
Woll4 cyfra 21-13} BGERE A% Aah AED 4%
2 cyfra 21-13F AEH 44 EGER 28] 4AAAE ¢l
govt WHAE 45 o 2% Weld %2 FE2 1}

Bt SHAE el AR 4Re] 17 A% Al
St

2 FASAG GAEY AR E GEE AW
B oo AdF S EHA cyfra 21-1.2 A &
o] A gkokel. B AFol|A] SCC-Agol UEAAL 4714
Z 713 A Z7igd s AAY WAL duiglE Aol
AR A Fx= A WY ik &F o] FRe
AF7F £1 Qlojof & Aoz AzhH.

B AgolA] o] Al o)A A AV E AAB o]
A AE 75 ZVHAALZH oA ER AH T E
Z/AA £ AAE QA =t Bogden 53], Edel-
stein S[417 o] 8 E(131& BF ol4] =75 | mm’e
3712 stgom Levi £[23]2 3375 mm’E o} B o
FollAE 27 mm’E sto] o)A AFTES FAAZ

Zoke| 27| 9ol Levi 5231 22|82 A+Z PAPAN
scoreZ Hr7le] AR 79 WS ALt FAE
o] of, 7hA =2 o MEEAY F, FAE HERL,
AE A HE AR 58 ALstAATE 2 adTellA

L oAAE 3§43 EHdos FaNdn 34 o
Agael Ao A 2444 ehtke] 23
3 g4 B4 Wule] F2 ekt 256 Bl &
2 A% F4 AF4 Hol Egol el FPE F A
o2 gk oY WYL W £ A o AYH
40 Y Aok o4 HTEL FML + A
Aoz Az

Ag F fibrin clotd}shE g2 Fingert S{6], |71 ¥
03 ARTE AEF Ao] FUT Her nlast
FFe sFGete Aol dolA 7E AAR 4F
RS A AehA ol sk Wt 22 Zlog23). 1
Pl fibrin clotdpsls AGPIHG L2 &5 FAZe iF
2R A4 A AdE Ego] & Aos A7H & o
TollA A, wlAkst Zbel] o] 4% AfEL FdzA A
Aoll A Agete T/ I Aoz HolH o]
Aol wehA] o)A FAaE vHro] ALY 4 9
2 A7 gy g R Ag2 #Hg el o] 4%
T BHE 2] A% 77t AlGEeiob @ Aot

E 2

Q1A QLA EZ(S-900 G V)E okA1Z] 3 fibrin clot
slsto] S.D. AL A&, vlRT el o] Fo|4sted
197 AAANTHA WAAAANE ST AT o4 T
o 3 Bzl AZus}, FEAR A, olAFge =2
7, oA AEEI W AR Foke] $A4H 2743 4

<

SEEES

UM EES AT ule] Fouk, Aol Uk
A% A AZHTIol Aelg AL Aolgich. 2L el

A4 FEo] Holxm 7
Zo] o] A} FIA A} & wAjste] o] F4E
o) 1
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