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Studies on Therapeutic Effect of the Monoclonal Antibody
and the Immunoconjugate on Tumor Growth in Nude Mice

Mariko TANDA and Kohzoh IMAI
Department of Internal Medicine (Section 1), Sapporo Medical College
(Chief : Prof. _A. Yachi)

The recent development of hybridoma technology, providing monoclonal antibodies (MoAb) of
predefined specificity, has opened a new field in tumor immunology. MoAbs are currently being
assessed for their usefulness as immunotherapeutic agents, either alone, or coupled with drugs, toxins,
or to radioactive compounds. In this study, monoclonal antibody MT008 (IgG3) that reacts with
human colonic cancer, was conjugated with purothionin (SP-H) having a molecular weight of 5500
daltons. The MoAb conjugated with SP-H suppressed colorectal carcinoma cells in vitro. In vivo,
this immunoconjugate suppressed the growth of colorectal carcinoma in nude mice as evidenced by a
greater number of survival days and smaller volume of tumors in the treated animals.

In another study, monoclonal antibody S1 (IgG2a) that reacted with human hepatocellular
carcinoma, mediated no tumor suppression iz vitro, when used alone, but mediated ADCC activity
against human cultured hepatocellular carcinoma cell in conjunction with murine splenocytes. In
vivo, MoAb S1 alone suppressed the growth of hepatocellular carcinoma cells in nude mice as
evidenced by a greater number of survival days and a smaller volume of tumors. '*I-labeled MoAb
S1 significantly accumulated to this tumor in nude mice and mononuclear cells were infiltrated into
the tumor masses. These results suggest that the inhibition of tumor growth might be mediated by
an antibody dependent cell-mediated cytotoxicity.
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Table 1 Reactivity of wmonoclonal antibody MTO08
with a panel of human cell lines in a rosette

Microassay.
Cell type Cell line M%%%%l"(rgcg)n“b‘)dy
Colon cancer BM314 ++*
Colo205 +
HCC-Y1 -
Gastric cancer KATO III —
AZ521 -
Hepatoma Hc-4 —
Hc-20 —
Melanoma Colo38 —
Myeloid cells K562 —
Lymphoid cells Raji —
* ++, resette forming cells(x)=90% ; +, 50% < x<

90%; —, x<50%

Table 2 Reactivity battern of the monoclonal antibody
MTO008 with freshly obtained haematopoietic
cells in the vosette microassay.

Monoclonal antibody*

Cells

MTO008 345. 134S
IgG3) (1gG2b)
Granulocytes — +
Erythrocytes — -
(AB and 0)
Monocytes — +
T & B lymphocytes — -+
CLL (B) cells — +
AML cells — +

Ten ug of the purified monoclonal antibodies per
assay was used.
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Table 3 Tissue distribution of the antigenic determi-
nant detected by monoclonal antibody MTOO8
with indirect immunoperoxidase technique.

Monoclonal antibody MT008

Tissue positive/tested staining
(%) intensity*
Colon cancer 14/20 (70)
Adenocarcinoma 14/20 (70) o+
Stomach cancer 6/10 (60)
Adenocarcinoma 4/7 (57) ++
Signet ring 2/3 (67) +
cell carcinoma
Fetus (16W)
stomach 1/1 g
colon 2/2 #
Non-cancerous tissue
colon 0/5**(0)
stomach 2/4***(50) Frife—
liver 0/2
pancreas 0/2
spleen 0/2
kidney 2/2%*** +/—
* Staining intensity : ++, strongly positive ; +,

positive; +/—, weakly positive.
** Surface epithelial cells were very faintly positive.
*** Intestinal metaplasia lesion showed positive
staining.
**** Kidney tubules were weakly stained.

Fig. 1

Immunoperoxidase staining of a colonic carcinoma section.
positively with monoclonal antibody MT008. Original magnification: X 90.

Colonic carcinoma cells were stained



56 (2) 1987

3-1-4 HME—EMESEDIn vitro Il 1 5HR

ERL X 7= MoAb MT008-SP-H &4 AD in vitro
CRITAHRYEST 515, MoAb MT008 n#E4
T5e b kBEAla BM314 3 0N #s& Ly B AR
KATO % AT, ToflaEErd &L, o
R, Fig. 3A/R7 X 51 MoAb MTO008 &3,
" MoAb MT008 « SP-H &z 31 3 Bl
KATO Iz L THABERDIE T 2RI -1, Zh
wxt L Fig. 3B ioRm3 X 91, KiGEAKE BM314 1z>
Tt MoAb B 5 D3 AT 3R IIE T Ly
7y, MoAb MTO008-SP-H #s & (h# 5 THE LI HE
ICITERICAEFROE T 2RD .

Fig. 2 Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (7.5% gel) and western blot
analysis of the corresponding antigen recogniz-
ed by the monoclonal antibody MT008. Lanes
A and C, cultured supernatant (concentrated
50X) from human colonic carcinoma BM314
cells; lane B, carcinoembryonic antigen
(CEA) obtained from Morinaga Biomedical
Institute, Japan. The monoclonal antibody
MTO008 was used for lanes A and B. No
monoclonal antibody was used for lane C.
Peroxidase-conjugated rabbit anti-mouse IgG
(Dako, Denmark) was used as a second
antibody for lanes A-C.

/7 m =7 AHUKIC X DR R L O BRI BT IE 251

3:1:5 HFE—FYRESED in vivo IZH5THHR

R HE—EYEE D in vivo TORRE BT
Hl:bEEZ — N = v AR AW ERBR YT - 7-(Table
4). Fig. 412773 X 5i1ce + KiEE BM314 oE = —
F=v 2 6 PEizk L MoAb MTO008 &4, SP-H B,
MoAb MTO008 +* SP-H o & & % & " MoAb
MTO008-SP-H #&f4%% 1 HH, 853 HH, #508
Bl EEREHT 7. FD#%, MoAb ¥, SP-
H B3h MoAb MTO008 & SP-H niR-&%# 58 T,
540~60 HTIMMIIFETEL, TOHEETHBEE TIC
SRR L. UL MoAb MT008-SP-H #& &
BEREE LIRS\ 67 B TEP4TE, o
B FEC LI, BRI2HBBI CAEFT A~
AL @b, BOLCEFAROERE /R LI(p<
0.0D).

o, MEmEERCHT AR L s L. Table
40k 5ice b KBEEME BM314, 5x10%ells/= =
PETBELIEER - N~y 281 H, #38, &
5 H B i MoAb MT008 & ¥, SP-H # ¥, MoAb
MTO008 & SP-H niE &%, KO MoAb MT008-SP-
H#EE®R Y TN T hBERARS Lo (KB 6 LE). ©
DFER, Fig.5imt o8, 46 HETav i r—
AEE(HUAIER S, MoAb Bish, SP-H ¥jh, MoAb
& SP-H iR 44 5- B OB 4812 2095+ 305 mm?®
12 L Toh MoAb MT008.-SP-H # & (6# 5Bz o\
T3 13401190 mm® o &, HELIHDR (p<
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Table 4 Protocol of in vivo experiment to assess
antitumor effects of conjugate on BM314
bearing nude mice.

Sample (nll)go/sl?g) Administration
I 1. Control 0 -
2. MT008 1.5 Day-1, 3, 5
3. SP-H 0.015 Day-1, 3,5
4. MT008+SP-H 1.515 Day-1, 3, 5
5. Conjugate 0.15 Day-1, 3,5
II 1. Control 0 —
2. MTO008 1.5 Day-1, 3, 5
3. SP-H 0.015 Day-1, 3,5
4. MT008+SP-H 1.515 Day-1, 3,5
5. Conjugate 0.15 Day-1, 3,5

Mouse : BALB/cAJcl-nu (female, 6 weeks),
6 mice each,

Tumor : Human colon carcinoma BM314,
5% 10%cells/mouse,

1. Ascitic type (ip-ip) ;

II. Solid type (sc-ip)
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Fig. 3 Antitumor effect of the conjugate upon gastric cancer KATO I cells(A) and colon cancer BM314

cells(B).
e , immunoconjugate (MT008 - SP-H); ©, MT008; A, SP-H.
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i
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w

b g I
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0 10 20 30 40 50
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Fig. 4 Antitumor effect of the conjugate on BM314 bearing nude mice (ip-ip).
® , control (without treatment) ; (], MT008; A, SP-H; =, MT008+4+Sp-H;
@ , immunoconjugate (MT008 - SP-H).
Each group contained six mice.
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Fig. 5 Antitumor effect of the conjugate on BM314 bearing nude mice (sc-ip).
® , control (without treatment); o, MT008; A, SP-H; = MT008+SP-H;
@® , immunoconjugate (MT008 « SP-H).
Each group contained six mice.
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Table 5 Growth inhibitory activity of the monoclonal antibody SI on the growth of human
cultured hepatoma cells He-4 in vitro.

Monoclonal : . % dead cells after incubation of
Antibody Experiment Hc-4 cells with monoclonal antibodies*
(1mg/25x10° cells) ~ No. 12 hrs 24 hrs 48 hrs 72hrs
S1 No. 1 4 6 4 10
(IgG2a) No. 2 2 2 5 8
225. 28S No. 1 6 6 8 13
(IgG2a) No. 2 5 4 4 7
None No. 1 7 10 4 5

No. 2 3 7 8 12

* Percent dead cells were determined by Trypan Blue dye exclusion test.
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Table 6 Specificity of the monoclonal antibodies SI and 225. 28S in an ADCC assay.

Target cells*

Monoclonal antibodies**
(Ig class)

Tumor tgrpe- Cell line S1 (IgG2a) 225.28S (1gG2a)
Hepatoma Hc-4 35.2+7.8*** 1.3+ 0.8
Colon carcinoma BM314 1.24+0.7 2.7+ 0.3
Gastric carcinoma AZ521 0.9+0.4 0.8+ 1.5
Lung carcinoma A549 2.0£2.5 1.9+ 0.9
Melanoma Colo38 1.6+2.4 30.8+12.4
Lymphoid cells Molt4 3.4+1.6 0.9+ 1.3

* Effector/target cell ratio, 400 : 1.

** Pyrified monoclonal antibodies (500 ng) were used per 4x10° target cells.
*** Percentage specific lysis (mean+SD) in conjunction with splenocytes from BALB/c mice. Spon-
taneous background leakage of 5Cr from target cells ranged from 8 to 15% of the total incorpo-

rated label.
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JafEe T o MAa He-4 1msf L 35.2£7.8% & 58\~
ADCC iEM AR L. Lasl, BErEEEHE Colo3s
B DB ERECN UG R S ek o T
sz AV 7-m L 1gG2a 7 3 2o MoAb 255. 285 (X
BrE R He-4 1wt L ADCC {E#E 2R & Fa s - o 3,
Ei B e Bl Colod8 i U TR bhaiEE RN L,
FRERCERMREES R R L T ADCC k2R
L7. %7: MoAb S1® ADCC iE#it = — Vv A
R A B AT S BIEAEOERER LIS, £ 2
= ADCC iz B3 A B BRI\ T h BB E (T - 1285,
Table 7 i=R¥+ X 51, BALB/cH BV iZ %~ V=7
ADOWF oV T b fHE MR O3 &M RE T
ADCC Mo BB ERIRDT, miifas s ADCC
EMESLTWb b0 EELLR.

Table 7 ADCC assay against human hepatoma Hc—4
cells in comjunction with splenocytes from
BALB/c or nude mice*.

40}
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[72]
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5 20
o
Q
7
10 F
X
|
100 200 400

Effector/target cell ratio

Fig. 6 ADCC assay with monoclonal antibodies S1 and
225. 28S.
Monoclonal antibody S1 (@——@®) showed
higher ADCC activity than the antibody 225.
288 (0——0) against human hepatoma Hc-4
cells. i
Effector cells were splenocytes from BALB/c
mice.
Vertical bars denote mean values+SD.

effector/ )
target cell ratio

50 100 200

Effector cells

BALB/c mice splenocytes

Adherent 5** 10 26

Non-adherent 7 33 40
Nude mice splenocytes

Adherent 5 20 35

Non-adherent 5 32 42

* Purified monoclonal antibody S1 (500 ng) was used
per 4x10° target cells.

** Percentage specific lysis. Target cells: Hc-4 cells.
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Fig. 7 The effect of the monoclonal antibody S1 and the monoclonal antibody 225. 28S on the survival days

of the tumor bearing nude mice.

A : Cultured human hepatoma line Hc-4 (1x107/mouse) had been inoculated intraperitoneally on day
0 before the monoclonal antibody S1 (——) or 225. 28S (---) (3mg each/mouse) was given
intraperitoneally on days 1, 3, and 5 (@) (Method I) or on days of 1, 3,5,30 and 40 (@) (Method 2).

B: Cultured human melanoma line Colo38 (1x107/mouse) had been inoculated intraperitoneally on day 0
before the antibody S1 (3 mg/mouse) was geven intraperitoneally on days 1, 3, 5, 30 and 40 (Method 2).
In the control groups (O——0) of both panels A and B, no monoclonal antibody was given.
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Fig. 8 Antitumor effect of the monoclonal antibody S1

on the tumor growth of the nude mice.
Cultured human hepatoma line Hc-4 had been
inoculated subcutaneously on day 0 before the
monoclonal antibody SI (c——0) (1.5mg
each/mouse) was given intraperitoneally on
days 1, 3 and 5. In the control group (e
——@®), no monoclonal antibody was given.

Table 8 Accumulation of '*I-labeled monoclonal antibody S1 in human hepatocellular carci-
noma cell line He—-4 and various tissues explanted from nude wmice.

'%]-labeled monoclonal antibody

Tissue S1 (1gG2a) 225. 28S (IgG2a)

12 hours 48 hours 12 hours 48 hours
Hc-4 tumor 20,609 cpm™ 8,284 cpm 18,763 cpm 1,940 cpm
Liver 14,849 1,450 15,103 1,628
Lung 16,031 920 12,446 624
Kidney 22,787 2,611 18,387 1,481
Spleen 14,768 1,906 12,482 979

*

mean cpm/10 mg (wet weight) tissue.
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Fig. 9 Microscopic examination of human hepato-
cellular carcinoma Hc-4 cells explanted from
nude mice.

A, control tumor cells (no treatment) (x40) ;
B, monoclonal antibody S1 had been given 10

days before the tumor mass was taken (x40) ;
C, higher magnification of picture B (x90).
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