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Antitumor and Antimetastatic Effects of Toxoplasma Gondii
in Mice with Lewis Lung Carcinoma

Ju-Ock Kim, M.D., Sung-Soo Jung, M.D., Hee-Sun Park, M.D.,
Myoung-Hoon Kim, M.D., Young-Ha Lee*, M.D., Sun-Young Kim, M.D.

Department of Internal Medicine and Department of Parasitology™,
College of Medicine, Chungnam National University, Taejon, Korea

Background : [mmunotherapy is another treatment modality for various cancers. There is little information on
the antitumor effects of immunotherapy on implanted lung cancer mouse models. Toxoplasma gondii is able
to potently induce a nonspecific stimulation of the host immune system. Therefore, this study evaluated the an-
titumor and antimetastatic effect of nonspecific immune stimulation by 7" gondit in a Lewis lung cancer
mouse model.

Methods : Female C57BL/6 mice were injected with either Lewis lung cancer cells (1x10° per mouse) or 5
cysts from the 7. gondii Me49 strain with various schedules. The number of survival days, the tumor size of
the implanted muscle and the histopathological findings of each group were noted. In addition to these mice, the
Toxoplasma antigen(50 1g per mouse) or a lymphokine (0.5 ml per mouse) was added to boost the
immunotherapy.

Results : No mouse in the Toxoplasma-infected group had died, whereas the mice receiving only the cancer

B ATE 20009% Ftistuy Y ERaA) d7hs ATEHAS.

Address for correspondence :

Ju Ock Kim, M.D.

Department of Internal Medicine, College of Medicine, Chungnam National University,
Daesadong, Jungku, Taejon, Korea, 301-721

Phone : 042-220-7158 Fax : 042-257-5753 E-mail : jokim @cnuac.kr

- 317 -



—J.0.Kim, etal —

~ells {cancer control) survived for 29.1 +4.4 days. Cancer cells were revealed from 1 week after cancer cell in-

~ulation in the muscle and from 3 weeks in the lung of the cancer control, whereas cancer cells were found in

' sth the preinfection control and coinfection control groups from 2 weeks and 4 weeks in the lung, respectively.

he in the number of survival days were 394433 in the mice receiving 7. gondii 2 weeks prior to the cancer

cells inoculation (preinfection control), 30.9+5.1 in mice received both simultaneously {coinfection control),

and 34.9+2.9 in mice received 7. gondii 2 weeks after cancer cells implantation (postinfection control}. These

3 infection groups had significantly longer survival days and suppressed turaor growth than those of the cancer

control. In addition to these mice, an injection with the Toxoplasma antigen alone or in combination with

lymphokine resulted in a significant increase in the nurmber of survival days.

Conclusion : These findings suggest that an injection with 7" gondii can induce the antitumor and

antimetastatic effects in Lewis lung cancer mouse models. Moreover, these effects were increased with an in-

jection of the Toxoplasma antigen alone or in combination with lymphokine. However, this therapy can not

prevent the development of cancer. {Tuberculosis and Respiratory Diseases 2002, 52 : 317-329)

Key words : Lewis lung cancer, Toxoplasma gondii, Mouse, Immunotherapy.
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Lewis H¢+ AlEF= ATCC (Rockeville, MD, USA)
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otics-antimycotics 3 DMEM (Gibco BRL Co.)o] X
e wiAjell A 37°C, 5% CO, Ao 2 ujsiart.

3) BaEXl &3
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5) Lymphokine2| ZH|

B4 vhg-2e) WBe FFH o2 AEs)e petridish
ol &71 3 RPMI 1640 (GibcoBRL, USA )& ¥o]
60-mesh stainless sieve £ n}fdt thg, RBC lysis
buffer (Sigma, USA )2 HETE AN} 2a
T HIAHEE vF8A7] 10% fetal bovine serum
{(Hyclone Laboratories, USA), 1mM sodium
pyruvate (Sigma, USA), 5nM 2-mercaptoe-
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100 g/m! (Sigma, USA )& #7138t RPMI 16409
HAE $7F 1x10%/mlo] HEE 2A"sle cul-
ture disholl BF3 £, 7)) 50 m/ml H%o
concanavalin A (Con A ; Sigma, USA )& H7}3t
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Table 1. List of groups and injection schedule of each group

Group? No. of Injection schedule (Week of injection)
mice Toxoplasma cyst ~ Cancer cell  Toxoplasma antigen”  Lymphokine?
InC 10 0 - - -
CnC 10 - 0 - -
Cn+A 10 - 0 1,2 4 -
Cn+L 10 - 0 - 1,2, 4
Cn+A+L 10 - 0 1,2 4 1,2 4
PrC 10 0 2 - -
Pr+A 10 0 2 1,2 4 -
Pr+L 10 0 2 - 1,2 4
Pr+A+L 10 0 2 1,2 4 1,2 4
CoC 10 0 0 - -
Co+A 10 0 0 1,2 4 -
Co+L 10 0 0 - 1,2, 4
Co+A+L 10 0 0 1,2 4 1,24
PoC 10 2 0 - -
Po+A 10 2 0 1,24 -
Po+L 10 2 0 - 1,2 4
Po+A +L 10 2 0 1,2 4 1,2 4

a) Mice were divided into & groups according to the injection period of either T. gondii cysts or Lewis
lung cancer cells, and each group was redivided into 3 subgroups according to the combination of el-

ther T. gondii antigen

(A) or lymphokine (L). InC (infection control), mice were received 5 brain

cysts of Me49 strains of 7. gondii intraperitoneally; CnC (cancer control), mice were received
intramuscularly with 1x 10° Lewis lung cancer cells ; PrC (preinfection control), mice were received
T. gondii cysts 2 weeks before cancer cells inoculation ; CoC (coinfection control), mice were re-
ceived both T. gondii cysts and cancer cells at the same time | PoC (postinfection control), mice
were received T. gondii cysts 2 weeks after cancer cells inoculation.

b) Mice were received intraperitoneally Toxoplasma antigen (50 #g per mouse) in combination with in-
complete Freund'’s adjuvant.

¢) Mice were received subcutaneously 0.5 ml of lymphokine per mouse.
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Fig. 1. Survival rates of C57BL /6 mice received
either 7" gondii cysts or Lewis lung can-
cer cells. The mice were observed for
mortality every day for 8 weeks after
cancer cells injection. The data are repre-
sented one of two separate experiments.
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Table 2. Survival days of C57BL/6 mice received either T. gondii cysts, Lewis lung cancer
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cells, Toxoplasma antigen or lymphokine.

Group No. of mice Survival days (range)?® p-value
InC 10 56.0+£0.0 (56~56)
CnC 10 29.1+44 (23~34)
Cn+A 10 33.2+3.0 (29~38) b
Cn+L 10 312+1.9 (28~33) b
Cn+A+L 10 314+3.8 (26~36) b
PrC 10 32.4+3.3 (28~39) b
Pr+A 10 39.9+4.8 (35~49) b, ¢
Pr+L 10 34.8£3.7 (30~41) b,
Pr+A+L 10 444+6.3 (33~53) , C
CoC 10 30.9+5.1 (25~40) b
Co+A 10 335+3.2 (28~40) b, d
Co+L 10 355+5.1 (25~43) b, d
Co+A+L 10 33.9+4.7 (26~39) b, d
PoC 10 349429 (32~39) b
Po+A 10 38.214.6 (34~46) b, e
Po+L 10 340+2.9 (31~40) b
Po+A+L 10 39.2+4.1 (33~48) b, e

a) The mice were observed for mortality every day for 8 weeks after cancer cell injection. The

data are represented as mean tstandard deviation of one of two separate experiments.

b) Significant compared with cancer control (CnC ).

¢) Significant compared with preinfection control (PrC).
b) Significant compared with coinfection control (CoC).
¢) Significant compared with postinfection control (PoC).

Aol feld Aol f 21k (p=0071), 2 9
o 2T A3 HTAE K23 Holg uith

AGAT FARY 28] FF §2E IF 54
3 43 Fig. 29} 2o} AYHEPE AWAE F
9% 179 30~60%2) whe2dM R2AE B
g % ggon 27 o FHH 2 Zo AR 3

Zd)= 6740 +£1290mm’, 45l 8760 £927mm*

gtk ARINZTE QAE FY F 25FE &
278 22T % AN, 2~3F Al 3} F
A 329 3855 +742mm’, 45 5740 £720mm
solgon], 1 olFolE ASHoR FAhHA. B

D% 3F o|Fo| FA FUIS }04 4n~°ﬂ‘* 4482 +
1116mm® ot FAENETE AN E FUAF
133 Fgo] FAHY AIZ}s}cﬂ 47(4210+
918mm®) 744 A M8 ARsitizt 1 o)F & Fo=
Z7}3le) bZol:= 8544 +1274mm’eIt}h. HAE
Az Ao} A EE HAT 37 T BHLS
gz HEld oA AU (0.001<p
<0.05), o5 3T¢ A% v F Aol §l
2tH(0.111 <p<0.085).
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Fig. 2. Cancer mass of C57BL/6 mice received
either 7. gondii cysts or Lewis lung
cancer cells. The data are represented as
mean * standard deviation of two sepa-
rate experiments.
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PR (H9/8h3) e IS 3324309,
lymphokine®t& F7F F13 v}~ (F$}/lympho-
kinew') o] BE7]17H 31.2+1.9Y, Ba¥aE
937} lymphokine& ¥-& Folsld 37} WS nfs-
2 (H %/ 39 /lymphokines) o] WE/7He 314
138dU=2 HYEFe AE717H29.1+£4.49 )9
Blale] fo3A Frlsiint. ARA R EAy
2% FYoly lymphokine & TE 3o 1§ L3le] =
7b A o] BEZIZNE 77t 39.9+4.8YU (A7)
F9T), 34.8+3.7U (W7 /lymphokine®) =
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e 33513294 (FAIRE/IYF), 355+529

(&A% /lymphokine), 33.9+4.7U (5 72+4/
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R FAZ Y 2T HE717H30.9+5.19) 9] ¥
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Az S4¥E Pd O9E 2 P9
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479 3 39244198 FRFHzT) M2
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20 YEZIZH34.0+2.9Y) 37} iz Y=
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E2¥A2 Y £ lymphokine g ©E £ 4
B3l F7PEAAT & HUE FARRY 28 oz
2 &AW 13 4% A9, JU/397 2 o
%/%4 /lymphokine o] =4 =7): #Houzz
o Hald FofsA AUk (p<0.01), #HL/
lymphokine 7+ #9273} £-2]8 2jo)7} giglct
(p=0.15)(Fig. 3A). ARFNZzTe] Izze ot
ME F9 F 2~3F9 F43] Fotsldod, Eax
A g 95 38 54323 9959 lymphokine
& W8 Tt 7} AdF npgae Adzze A
Az sk folsAl HA Erksidont(p
<0.0001), ¥ /lymphokine7e] ¢z= =7)=
AN E=TT Fo3 2ol Rolx] YIr}(Fig.
3B). TAIE/4YF, A2 /lymphokine® 2
X249/ 34 /lymphokine 9] 924 =7)= #Hot
HE 79 F 353714 BRGNS fAlsIH 0.
t, 12 olF FAZYE/lymphokine® 2 FAIZE/
FATe hxFe FARANR T vzl A3
3731 h(p>0.05) (Fig. 3C). $79/397 &
¥4 /%4 /lymphokine 9] 923 =17)= 94
X FY ¥ 45770 AYNZET F98 xjol2 B
oA ¥gtont, 1 o] F o= gz e] o] Egio]
A4t 319 /lymphokine e Egdgizz
I} frelgh Ajol& Holx] gkt (Fig. 3D).
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Fig. 3. Tumor size of C57BL /6 mice received either T. gondii cysts, Lewis lung cancer cells, Tox-
oplasma antigen or lymphokine. The data are represented as mean tstandard deviation
of two separate experiments. A, group of cancer control ; B, group of preinfection con-
trol ; C, group of coinfection ;, D, group of postinfction.
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Fig. 4. Histopathologic findings of muscle and lung from C57BL/6 mice received either 7.
gondii cysts or Lewis lung cancer cells. A, cancerous change and necrosis of the mus-
cle ; B, cancerous change of the lung. Magnification is X400.
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