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Antitumor Effect of in Situ Cryoablation with Systemic
Immunotherapy on Murine Renal Cell Tumor

Dong Sik Shin, Young Hwii Ko, Hoon Choi, Seok Ho Kang,
Jae Hyun Bae, Hong Seok Park, Du Geun Moon, Jun Cheon,
Duck Ki Yoon

From the Department of Urology, College of Medicine, Korea University, Seoul,
Korea

Purpose: To investigate synergistic effect of local cryoablation with sys-
temic immunotherapy, the tumor control ability and immunologic respon-
ses of combining these two modalities was compared with that of cryo-
ablation, surgical excision, and immunotherapy only group in a tumor
re-challenge model.

Materials and Methods: Preliminary experiments were performed in two
stages. The first stage consisted of 36 Balb/c mice with Renca bearing
tumors imbedded in the right thigh, and was treated with interleukin-2
(IL-2) and interferon-alpha (IFN-«) to evaluate the efficacy of immuno-
therapy and to determine the adequate dosage. The second stage was
performed on 10 mice, to evaluate histological changes and efficacy after
cryoablation. The main experiment was performed on 48 mice, divided
into 6 groups of control with tumor implantation, excision of tumor, exci-
sion combined with immunotherapy, cryoablation of tumor, cryoablation
with immunotherapy and control without tumor. After treatment, tumor
re-challenge was performed with Renca cell, then the growth pattern was
evaluated with physical measurements, and immune response was in-
vestigated with fluorescent activated cell sorter and cytotoxicity assay.
Results: Preliminary studies on immunologic efficacy revealed that IL-2
and IFN- @ have a dose dependent inhibition of tumor growth. The main
experiment evaluating the efficacy of combination treatment revealed that
cryoablation with immunotherapy proved to be most effective in terms
of tumor recurrence and tumor growth inhibition, yet the difference was
not statistically significant from monotherapy with cryoablation. However,
cytotoxicity was significantly increased cryoablation with immunotherapy
compared with other groups.

Conclusions: Cryoablation on tumor re-challenge mice model showed
advantages with immunotherapy most prominently in cytotoxicity. (Korean
J Urol 2008;49:965-973)

Key Words: Cryoablation, Immunotherapy, Renal cell carcinoma
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AR A a4 Fdo] opd Al f v 9ol
s, ole Ag Ak dA] A4 ekA] X3tk Tk
Ay (de novo
occurrence)ﬂl o5k Zlolel Azbetet? g, TXA KA A
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2. Renca M| EF

Renca A|ZE A F 9l Balb/cZolA AdH oz Futs
3} A|ZEFo]t}. Renca A|EE gH Al
A& A7bA 10% DMSO+90%

FCS9| W3kl A slof] H3pA 4L HellA W Eiﬂr*}"ﬂ
th AlZ9 wokell= EZ 57 92 6-well plate B 10% $-

elo} & (fetal bovine serum, Gibco BRL, Grand Island,
USA)e& 3338 RPMI-1640 (Sigma Chemical Co., St Louis,
USA) wokel g A3, AZ= 37°C, 5% CO, 3+ 9]
F71o A weFgict. vekEl AlEE typan blue *‘V‘HHXﬂ‘“O
B RAEA T AEES SH8l] 95% o] 4] sHAlx

7 90% ool AEES &AL, o] 5 10% FHlo} °é
3} E3heto] TAE RN 0.1mlF 1x10°9) A EFE
sEsho] ARELO) vER sJsjol Felo] S
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5% halothane S o] &3 AFH L T3 7)E o] L3lo] uf
F stell FkR9loll 1-22mme] ANAE "FEATE Foke
a7lel| % otz 5 Y3 W57 (Cryo-Surg Frigitro-
nics, USA) S o]-&3lo] —196°CE 1027 FHZAI7 % o}
A M= wlof| 4] 6027F XA NEAAL, olH T W

A% 712 23] Wyt

% F9E
4 ZaRlelA] A7) JRM oll J.uu*}o:] A 04
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2 A%
18} (monoclonal antlbody)i Foll g CD3, CD4,
CD8, CD19, NK1.15 A-&-3}3icth. vl Al Eofl A Feldt &
ZFe < FAE 47 42 ¥ CD3, CD4, CD8 30+
7¥, CD199F NK1.12 1417 &<F fHAellA] vk A7 oh,
lysing solusion (Optilyse C, Beckman Coulter, USA)< 500ul®]
Z+ tubeol] 42 THA] 1087+ QFHA17] 3 phosphate buffered
saline (PBS) 3ml% 4gitl. 5E7F YA R & A=dg t)
Wi, kA PBS 500ul¥ 412 ¥ FF-EA AT L7
(Cytomics FC 500, Beckman Coulter, USA) +41-5 A]3§3}9ict.
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= BH3L7] 918l Renca AIEE F4] AE (target cel)Z A+ Ue Al wHHE WX Fofl Fgke % T ormg AYE
Sck. FulEl As Alxek £F AlZ9 vlES 100:1, ol i3t Werss 3445 sy 93 Ads
33:1, 11:1, 3.7:1, 1.2:1, 0.4:1, 0.13:10] =|A] s} ujokglic}. w2 AgPstdct. 10mpe] 2] Al F oA Renca A|EFE o]
5-24A17F = A|Z9] Fall Alell DNAE Vacusafe TH-280 &3te] 3x3mm 2719 F4e #F35 ol APAZ o
harvesters ©]-§3to] frelAFEEE o|A A7, WA =, WeTeEs Adsa 4 suleld e 247 & 3 29Aet
FA o] AAEE Wallac MicroBeta Liquid Scintillation 7AYol B WAA 27 AAE APstct.
Counter (1450 MicroBeta; Wallac Oy, Finland)& ©]-&3%}o] & 3) LT DA WsSean ik 2o HE
At o] F ofefo] FA ol whEl AlE5455 Aldskaich 2o Futof Chs CHE AY Y EXMESH BN F
4gute] o] Ay EEs 67O E el 7 79 gulEl &
% cytotoxicity=[CPM (counts per minute) spontaneous — st 172 ok 4 & X gHkA] ok iz 27
CPM experiment/CPM spontaneous]x100 ZoF gt T e AAL, 3T 4 8 T FeF
7. AB A AAL} WX 5o W eI, 47 T U 3 W5
- BT, 5T T4 A F WA s X s W e
1) Balbjc AEF 0|A Renca MEFZ FE S20f CH T, 602 T4 ek b T o g FEEI 6
st HAX|29| &2t S0t U XY g ol "X 59 T AlLgt BE TollA 25 thE| Foll FH]% Renca Al
Wersd Wewe ais gelslr] 943 £ o T I3t FYsta Fk Aol 3x3mm A7 A
A, A AR X 549 & S 2As] ¢ Ags v, 4 THE XN EE AP e 3
gt AgE AABSI T Balbje A F oA kel AAESE T3} 57l A] WX 8 A9 ofu] AddedlA] AE &
Q] Renca A|ZFoll th3t WX 52 QUAS] A1A|ZSto ] IL-29} IFN- ¢ & BEF FY3och X &57F Svhal 14
3k X 52 7H Fa el Adshe IN-e & IL25 o] o] BT}t Fofl 65 A3t BE TollA] 5 tE]Foll
S30ct. 719 £33 E ol 4] Balb/e A F ol izt W9 Renca A|ZF5 U3 S50 I3 FY3I L o] % 7+
22 AL IFN-¢ & IL29] $3& Fzele] P & 360t TollA] 3] Foke] A7|E vemier calipersE A8}
2]9] Balbjc AFE 67 & T3l TEHE 3430 g ZAsldch T4 27 = A xFAx0.52362]
0.1ml8 &FOo & W F b33} o] Foflgich A o] &3l AEYleh T AFY F 15U 0] BH
= ul 25 APEsES 3, nlAs A Eske] 33
17 - IL-2 1x10*units/day 5o A AEE7F7] 7448} thymidine incorporation assay5 ©]
27 - IL-2 5x10units/day o] L3 AZZNAAE Al
s
37 - IL-2 1x10 u121ts/.day 5ol 5. = Hal
47 - IFN-a 1x10"units/day o7
57 - IFN-@ 5x10*units/day 5o HAAAL] X5 EFet §3F AAE A% AYeAE
67 - IFN-@ 1x10’units/day o7 IL29} IEN-a FolollA] Z+72+e] G-akol] up2 Fok AAle)

o] & Kruskal-Wallis test2 7143} thA] Mann-Whitney
U test2 ZF 55 vlaslodrh FobaFe mulo)4] 7z 2|
Holl wh& ANHE2] X}o]& chi-square testZ, FUXAAAE
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b et Huk ] 9o g 7 WXy 24 FY% Whitney U test® ¢t 73} g5 oW 79 A3E v
¥, 21907 Eope] A AE) W U ARES Bolh  sholiul, A2 ATEF A4S ALEA AN
Sct. Fokel 4ol b Hen AL A Wap 4 £ FRAAEI BAD BAS Asdeisdeh $A B
S WESFEHS Y3 QS NG AEA ST Y TGO SPSS for Windows (Ver. 1% A3}
423t 93, 25 2404 pate] 005 VRl A% EAA 02
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1. Balbj/c &S F|0IM Renca Al
hst MYz =0l &t &t

2197 Zoldt &2 HAXEE A o, IL2 F
o] 73} IFN-¢ Foli B &2 oEH o7 o3t £
A7e] 2ol & K9} (p<0.05, by Kruskal-Wallis test). 53]
L2 T 288 A8 109A15E 1x10°unitsS A28+ 37
< 1x10%umitsE A-Ee 1530l vl IFN-o FoiFollA =
A 199710l 1x10°unitsE A& 67 1x10"units T A8
3 4ol vlsl foR FPRR Aol F Uehiet o<
0.05, Mann-Whitney U test) (Fig. 1). Xl JJoJA = IL2&
AHE3E T3 IAN-a & AHE3E o B Al &% Aoldl 9
3k o] = HolA] 9k} (p>0.05, Kruskal-Wallis test). 214
7re] Ad 7|7k Eob 378 A|9)dF RE Fol|A] 7+ 3 u}a]
A9 A9 Egol Adelslin, 2 Foll wh Aol 9
oA 23k 2lol= 9T} (p>0.05, chi-square test). o] 42
7&31].% %3}] /gcﬂi‘f’oﬂk] ol:o 7L nqoﬂ;q EZ‘HZ‘HA X—]Z—l 3}
A7 £ [L20AE 1x10umitsE, IFN-¢ 9 AS$E
1x10°units 2 A = A}

2. 43729 3L HA 519 #ol

WESE F 2%l B T ol A 9ol
Wl 2AAAE AWk FARNA S A4

(coagulative necrosis) =712 H 3L (Fig. 2A), T4 54 2

A
1,400 4 — G1:IL-2 Low dose (1x10* Ulday) ,
---- G2: IL-2 Intermediate dose (5x10 U/day)
12004 " G3: IL-2 High dose (1x10 U/day)
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1ol A= AIEILA} (apoptosis)7} FHEE] ) 2 (Fig. 2B), <
= Zf_a o 1= A4 Renca A|Z7} #H2=] 9o} (Fig.

BE A FellA Aolel

TEALES
AAfol] APt ZH] HA A FAFoA G4
AL, FHFlA = S 74 FA T (polymorphic
neutrophils)ell &8+ o] &= 3L (Fig. 2D, E, F), & v}

2 & A2t e AAA] Aoldle T4 AEE JEY

T U

3. BYNFY DHNM WSS Hox|Zoto|
Heu FI0| E XS U EXMSEE 24

7t AgrellA] ekl AAbo] 3x3mmell o]28] A8 E
A E 4ol 2S ZQeh Yub Foko] AUIRL 4
=4 AATY 27X = 37.5% (3/8), TEH AAS} WA
ARE Wi SRS 255 O E B0 v, W5

SEX el 47T WESET WX B2 WEY 5T
A A 1255 (19, WS A FAAS) A
50| Uoro} BA1F oul= ¢t} (p=0.57, chi-square
test). A FoFo| APEslA] ¢k Aol dhafo] vbvhS of
B ol Fok AEE AFYshda, A Fdo] A2
T AE FY F 159742 =48 SH3 A8 S
AlegslA] b2 7t e eWs Al I, A AAE
A3t i, eI WAX 55 ol A3t ¥, WEs e

_{

of
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A F, PEes dAN RS o] A T o
o] AAe FEANFY 158A vlazslgle w ol 3 2
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---- G5: IFN-a Intermerdiate dose (5x10 U/day)
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Fig. 1. Changes of the tumor volume in the preliminary studies to evaluate an adequate dose of the immunologic agents. (A) Changes
of tumor volume in the IL-2 treated groups. (B) Changes of tumor volume in the IFN- ¢ treated groups. *: significant difference of the
tumor volume in the high dose administration group for each agent, as compared to the low dose administered group (p<0.05 by the

Mann-Whitney U test).

f significant difference of the tumor volume of the intermediate dose administered group for each agent, as

compared to the low dose administered group (p<0.05 by the Mann-Whitney U test). IL-2: interleukin-2, IFN- ¢ : interferon-alpha.
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Fig. 2. Results of the histologic examination, and the samples were taken at 2 days and 7 days after cryosurgery. Histologic change at
(A-C) 2 days after cryoablation and (D-F) 7 days after cryoablation. (A) Central coagulative necrosis caused by cryoablation (H&E, x100).
(B) At high magnification, shrunken and condensed cells with compact nuclei and pyknotic chromatin was found in the periphery of this
zone, which are typical features of apoptosis (H&E, x200). (C) The areas of necrosis and apoptosis were surrounded by intact tumor cells,
which were larger and they had slack chromatin (H&E, x200). (D) 7 days after the cryoablation was conducted, there was a wide area
of necrosis without viable tumor cells (H&E, x40). (E) At high magnification, the central necrotic area was characterized by ghost cells
and no apparent nuclei (H&E, x200). (F) This infiltration of neutrophils was a prominent finding at the peripheral muscular tissue, which

was located below the previous injection site (H&E, x200).

o] & EAo} (p<0.05, Kruskal-Wallis test) (Fig. 3). ¥H59H
= AeBsk FollAE WE e AR 4ol ] Al
5 ARl 27 Ho) Fokel Aol FkAFY 159l
o8} Al YL (p=0.02, Mann-Whitney U test), M2 H-S
Al - A E WEaHs Al W 372 TEF
AAE AleY vbe sl Sk Aol FFATFY 159
Aol AA] F-2skAl e} (p=0.04, Mann-Whitney U test)
(Fig. 3). 5oz Witew o uladlA, &3 A|A
HAX g5 A3 vh2 372 FEF AAT Al vk 27
Hep Zokol Aol Ao fo3k Aole UAx

=0.62, Mann-Whitney U test), 553 HAX] 585 A3

WE STS BE AT F FPARAALIL Y 35
shglou), WESETE A% We 47 U BE AT
FA%E §

Ao o8 Hololi o =4 Eaich
(p=0.22, Mann-Whitney U test).

ZFRNFY F 15DAAA AES 24 7 sukel F
1, 374 7 3uke] (37.5%), 272 5TlA 72 1nfe]
(12.5%), 4704 7 ulg] 25%)R o Ad-gEollA 2+ 7F
2] Folgk Zpol= It (p>0.05, chi-square test). E-EAT
A 15Ul AdEE2 AT vAellA] A WY

T2 APt {324 AZEF7] EAA, s 79
CD4-T A3, CDS-T A g CD19 AT & Fo38k Xfo] &
Hr} (p<0.05, Kruskal-Wallis test).

CDI9E Al&3t BE AIZELY WaTaETddA F€34
AAT vlal] AEHog Frlxlo] Qi) WX 54}
WsreEs WS sTolAE T F CD4AT AlE,
CD8-T AlZ 9 NK AlZ7} 7k Z7hElo] dolovt Was
S-S A3 vk 477 vl ol A fod Uk sldlch
T AATANAE HELHE Al B2 A 5ol 54
A ARk AY3t Z--Eet CD4-T A £ CD8-T A|E7}
SsA Z7h=lo] 9gle} (p=0.021, p=0.047, Mann-Whitney U
test) (Fig. 4).

A ZEA A NAE 33:10014 1.2:170A] H oA 571
o AE=Ao] Fg AolE EArh (p<0.05, Kruskal-
Wallis test). W&TEq A3t 437 €4 257 A<
g 27 7+e] M) ol A= 33:100| A KE] 1.2:174A] F7bol| A
WeTrs B N E70] YAl AlEFA o] S7kEo gL
At} (Fig. 5A). TEX 58 HAX 55 W3 372 7
A 2 5Rbg A3 BEL- 2700l vl 33:10014 3.7:174A] €]
ZHll A fro3t AIEFA 9 S7h7F 9L (Fig. 5B), W5
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Fig. 3. The tumor growth pattern for each treatment after tumor
re-challenge. At day 15, the tumor volume was significantly lower
in the cryoablated group (G4, G5) than that in the surgical excised
group of G2 and G3, respectively. *: significant decrease of the
tumor volume in the cryoablation only group (G4), as compared
to the excision only group (G2) (p=0.02, by the Mann-Whitney U
test), ' significant decrease of tumor volume in the cryoablation
with immunotherapy group (G5), as compared to the excision
group plus immunotherapy group (G3) (p=0.04 by the Mann-
Whitney U test), *. the difference of tumor volume in the excision
with immunotherapy group (G3), as compared to the excision only
group (G2), did not reach statistic significance (p=0.62 by the
Mann-Whitney U test). % the difference of tumor volume in the
cryoablation with immunotherapy group (G5), as compared to the
cryoablation group (G4) did not reach statistic significance (p=0.9
by the Mann-Whitney U test).

S X g W ews Al B s A AlE
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Fig. 4. Fluorescent activated cell sorter (FACS) results after tumor
re-challenge. On comparison with the excision group, the per-
centages of gated CD4 and CDS8 T cells of group 3, which was
treated with surgical excision with immunotherapy, were signifi-
cantly increased (*: p=0.021 and 0.047 by the Mann-Whitney U
test for the CD4 and CDS8 cells, respectively). However, the
difference between the cryoablation group and the combination
group of cryoablation with immunotherapy did not reach a
significant value (T: p=0.19 for CD4, below 0.05 for the other
cytokines).
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Fig. 5. Result of the cytotoxicity assay, after tumor re-challenge.
(A) The cryoablation group showed increased cytotoxicity at
effector: the target cell ratios were 33:1, 11:1, 3.7:1 and 1.2:1,
respectively. *: significantly increased compared to the excision
group (p<0.05, by the Mann-Whitney U test). (B) The excision
with immunotherapy group showed increased cytotoxicity at
effector: the target cell ratios were 33:1, 11:1 and 3.7:1,
respectively *: significant increased compared to the excision only
group (p<0.05, by the Mann-Whitney U test). (C) The cryo-
ablation group with immunotherapy group showed increased
cytotoxicity at effector: the target cell ratios were 11:1, 3.7:1 and
1.2:1, respectively. *: significant increased compared with the
cryoablation only group (p<0.05, by the Mann-Whitney U test).
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