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ABSTRACT leukemias, a myeloma, and two fibrosarcomas—that grew progres-
] ) ) _sively in syngeneic mice. We found that a single injection of less than

Immune regulatlor‘! has been showr_1 to be involved in the progressive 0.125 mg of anti-CD25 mAb (PC61) caused regression in six of the
growth of some murine tumors. In this study, we demonstrated that a eight tumors, including RLJ 1. After antibody treatment, a reduction

singlein vivo administration of an amount less than 0.125 mg of anti-CD25 .
interleukin 2 receptor @ monoclonal antibody (mAb; PC61) caused the in the number of CD4CD25" cells was observed by flow cytometry,

regression of tumors that grew progressively in syngeneic mice. The which suggested that effective tumor rejection responses resulted
tumors used were five leukemias, a myeloma, and two sarcomas derived from & depletion of CD4CD25" immunoregulatory cells.

from four different inbred mouse strains. Anti-CD25 mAb (PC61) showed

an effect in six of the eight tumors. Administration of anti-CD25 mAb

(PC61) caused a reduction in the number of CD4ZCD25" cells in the MATERIALS AND METHODS

peripheral lymphoid tissues. The findings suggested that CD4CD25*
immunoregulatory cells were involved in the growth of those tumors.
Kinetic analysis showed that the administration of anti-CD25 mAb (PC61)
later than day 2 after tumor inoculation caused no tumor regression,
irrespective of depletion of CD4"CD25* immunoregulatory cells. Two
leukemias, on which the PC61-treatment had no effect, seemed to be
incapable of eliciting effective rejection responses in the recipient mice
because of low or no antigenicity.

Mice. A/St strain of mice was derived from a colony at the Texas Univer-
sity College of Medicine (Houston, TX). BALB/c and B6 mice were purchased
from Japan SLC (Shizuoka, Japan). Breeding pairs of AKR/J mice were
provided by Dr. T. Shiroishi (National Institute of Genetics, Mishima, Japan).
Breeding pairs of CB-17 SCID mice were provided by Dr. K. Kuribayashi
(Mie University School of Medicine, Mie, Japan). BALB/c athymic (nu/nu)
mice were produced by breeding male athymic (nu/nu) mice with femate nu/
mice at our animal center.

Tumors. The tumor cell lines used and their derivation are listed in
INTRODUCTION Table 1.

Antibodies. Anti-L3T4 (CD4) mAb GK1.5 (15) was provided by Dr. F.

Immune regulation has been shown to be involved in the progréstch (University of Chicago, Chicago, IL). Anti-Lyt-2.2 (CD8) mAb 19/178
sive growth of some murine tumors. North and Bursuker (1) demofi6) was provided by Dr. U. Hdmmerling (Memorial Sloan-Kettering Cancer
strated that CD4 T cells from BALB/c mice carrying syngeneic Center, New York, NY). Anti-CD25 IL-2R mAb produced by hybridoma
methylcholanthrene-induced Meth A sarcoma down-regulated the 561 (17) was a rat IgG1 antibody. Another anti-CD25 mAb produced by

s - . L N ybridoma, 7D4 (18), was a rat IgM antibody. For vivo administration,
tivation of immune effector cells against the tumor. Similar flndlnga§1n'[i-CD25 mAb (PC61) was used after purification. The hybridoma ascites

were obtained W_'th other_murlne tgmors (2-4). We previously _dezfoduced in CB-17 SCID mice was purified to homogeneity by ammonium
onstrated a dominant antigen peptide, pRL1a, that was recognize ate precipitation, followed by chromatography on a DEAE Toyopearl 650S
cytotoxic T lymphocytes on BALB/c radiation-induced leukemigojumn (Tosoh, Tokyo, Japan). The concentration of IgG was determined from
RL31 (5). The pRL1a peptide was derived from theuBitranslated its absorbance at 280 nm as an absorption coefficient value of 1.5.

region of caktthat became translated by insertion of the long terminal Anti-L3T4 (CD4) mAb and anti-Lyt-2.2 (CD8) mAb were used in the form
repeat (6). Overexpression of the altered Akt molecules seemedot@scites from hybridoma-bearing mice as described previously (19). Deple-
induce CD4 immunoregu|at0ry cells, which resulted in progressivéon of CD4 and/or CD8 T cells bin vivo administration of its respective mAb
RL31 growth in BALB/c mice.In vivo depletion of CD4 T cells Was confirmed as described previously (19). Normal rat IgG was obtained from

from BALB/c mice caused RB1 regression (7). Call__tlag (gu;lingatme,é:?). 1% 10° hed and incubated with mAb
Recently, CD4CD25" cells have been shown to represent a ow Cytometry. Cells ( ) were washed and incubated with m

. . . r 30 min at 4°C in 2% FCS-containing PBS. The following mAbs were used:
unique population of immunoregulatory cells (8-13). Transfer (e ) PE-conjugated anti-L3T4 (CD4) mAb (GK1.5; Becton Dickinson Co.,

BALB/c spleen cells depleted of CD_25ceIIs into BALB/C nu/nu viountain View, CA); (b) PE-conjugated anti-Lyt-2.2 (CD8) mAb (KT15;
mice induced various autoimmune diseases (11). In additiovivo  serotec Ltd., Kidlington, Oxford, England))(PE-conjugated anti-CR23nAb
administration of anti-CD25 mAbinduced autoimmune diseases in145-2C11); and d) FITC-conjugated anti-CD25 (IL-28 mAb (7D4;
(B6 X A/J)F, mice (14). PharMingen Co., San Diego, CA). After treatment, the cells were washed,
In this study, we investigated the effectinfvivo administration of suspended in PBS, and analyzed on a FACScan (Becton Dickinson).
anti-CD25 mAb on the growth of eight tumors—RI1 and four other Tumor Assay. Tumor cells (in 0.2 ml) were injected intradermally into the
backs of mice with a 27-gauge needle. Before inoculation of tumor cells, the
. hair was cut with clippers. The diameter of the tumors was measured with
Received 1/19/99; accepted 4/27/99. . i . iah | leul h di
The costs of publication of this article were defrayed in part by the payment of paé{@m'e'r calipers t'W.Ice a't right ang gs to calculate the 'mean . lameter.
charges. This article must therefore be hereby maecadrtisemenin accordance with  Antibody Administration. The mice were anesthetized with ether, and a

18 U.S.C. Section 1734 solely to indicate this fact. volume of 0.2 ml of mAb diluted in PBS was injected through the retrobulbar
1 This work was supported in part by a Grant-in-Aid for Scientific Research on Priori\){]enous plexus
Areas from the Ministry of Education, Science, Sports and Culture, Japan and by the '
Research Grant for Longevity Sciences (10C-01) from the Ministry of Health and Welfare
of Japan.
2To whom requests for reprints should be addressed, at Department of ParasitolRlgSULTS
and Immunology, Okayama University Medical School, 2-5-1 Shikata-cho, Okayama
7003—$ﬁ58,beapa_n.t_ g b onal antibodv: B6. C57BL/6: SCID Effect on Tumor Growth of in Vivo Administration of Anti-
e abbreviations used are: mAb, monoclonal antibody; B6, ; , Sevi ) . .
combined immunodeficient; IL, interleukin; IL-2R IL-2 receptora; FACS, fluores- e(["eDZS (.”"ZR‘I). mAb .(PC61). We first mveStlgated the effect of
cence-activated cell sorting; PE, phycoerythrin. the in vivo administration of anti-CD25 mAb (PC61) on a CD25
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Table 1 Tumors used in this study

Expression of

Tumor Strain Description CD25 Reference
ASL1 A Spontaneous leukemia + (25)
AKSL2 AKR Spontaneous leukemia - (26)
RL31 BALB/c Radiation-induced leukemia + (27)
RL?8 BALB/c Radiation-induced leukemia - (27)
EL4 B6 Dimethylbenzanthracene-induced leukemia - (28)
MOPC-70A BALB/c Mineral oil-induced myeloma - (29)
Meth A BALB/c Methylcholanthrene-induced fibrosarcoma - (30)
CMS17 BALB/c Methylcholanthrene-induced fibrosarcoma - (31)

population in lymphoid tissues. PC61 antibody blocks IL-2 binding tumors with either CD25 or CD25 phenotype in BALB/c nu/nu
the receptor (17), and anti-CD25 mAb 7D4 does not block IL-Bice.
binding (18). For detection of CD25cells in lymph node cells from  Next, the timing of the administration of anti-CD25 mAb (PC61) on
PC61-treated mice, we used 7D4 with flow cytometry. As shown tumor growth was examined. As shown in Fig. 5, administration on
Fig. 1 and Fig. 2, CD25 cells consisted of~10% CD4" cells and days—4, —2, 0, and 1, but not later than day 2, even with reduction
less than 1% CD8 cells among the lymph node cells from untreatedf CD4"CD25" T cells after MOPC-70A inoculation, caused regres-
mice, which was consistent with previous results (11-133ion.
CD4"CD25" cells reduced maximally on days 3—4 and fully recov- The dose effect of anti-CD25 mAb (PC61) on tumor growth was
ered by day 9 after a singlen vivo administration of 0.25 mg then examined. As shown in Table 2, a single administration of 0.125,
anti-CD25 mAb (PC61). The reduction was observed in the range @25, 0.5, or 0.75 mg on day4 caused MOPC-70A regression. At
70-80% at doses between 0.125 and 0.75 mg. For subsequent afades of 0.03 and 0.06 mg, regression was observed in 0 of 3 and 2
yses, we used a single injection of 0.25 mg PC61 on-ddyunless of 3 mice inoculated with the tumor, respectively.
otherwise stated. Effect of CD4 and/or CD8 Depletion on Tumor Regression by
The tumors used were listed in Table 1. We used two spontaneouklyti-CD25 (IL-2R «) mAb (PC61). To investigate the involvement
occurring leukemias, two radiation-induced leukemias, a dimethydf CD4 and CD8 T cells in tumor regression caused by the
benzanthracene-induced leukemia, a mineral oil-induced myeloa@ministration of anti-CD25 mAb (PC61), the effect of the coad-
and two methylcholanthrene-induced sarcomas. As shown in FignBnistration of anti-CD25 mAb (PC61) and anti-CD4 mAb and/or
and 4, all of the tumors grew progressively in syngeneic mice amati-CD8 mAb was investigated. We showed previously (20, 21)
eventually killed them. A single administration of 0.25 mg anti-CD28hat in high responder (BALB/x B6)F, mice, CD8 T cells were
mAb (PC61) on day-4 caused regression in six of the eight tumorgequired for rejection in all of the seven tumors from the BALB/c,
Administration of normal (control) rat IgG had no effect. No recurB6, and (BALB/cX B6)F, mice investigated, but the requirement
rence of tumors was observed thereafter. Among the tumors useti,CD4 T cells differed depending on the tumor. Meth A and
only ASL1 and RL3 1 expressed CD25 on the cell surface. AdminMOPC-70A were representative tumors that did and did not require
istration of anti-CD25 mAb (PC61) had no effect on the growth oED4 T cells, respectively. As shown in Fig. 6, in the case of
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Fig. 1. Flow cytometry analysis. Lymph node cells
from BALB/c mice that were untreated or treated with
0.25 mg PC61 on day-4 were analyzed by FACScan.
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Taguchi and Takahashi (14) demonstrated the depletion of CD25

R 14 cells and the occurrence of autoimmune diseases in XBA&/J)F,

e 12 mice byin vivo administration of anti-CD25 mAb (PC61) 11 consec-
:8 12 utive times every other day at a dose of 2 mg. In our study, a single
§ 6 injection at a dose of 0.125 mg was sufficient to cause regression of
o 4 the tumors, and no histological indication of autoimmune disease and
é 3 no autoantibody formation were observed in the mice 3 months after

01356 7 9 0 0.03 0.06 0.125 0.25 0.5 0.75 the antibody treatment (data not shown). These flr_ldlngs suggested
Days PC61 (mg) that the effect of the PC61-treatment seemed to differ between the

Fig. 2. CD4"'CD25" cells (%) 1, 3, 5, 7, and 9 days after the administration of O.Zénumtargeted autoimmune responses and the responses against the

mg PC61 4) and those on day 3 after the administration of various doses of F&)6a ( tUMOr.
lymph node cells from BALB/c mice. Assays were done by FACScan as shown in Fig. 1. Although the exact mechanisms of suppression by o325t

Each experimental group consisted of three micalies, means: SD. cellsin vivo are presently unknown, tha vitro studies by Thornton
and Shevach (12) and Takahashi al. (13) demonstrated that

MOPC-70A, coadministration with anti-Lyt-2.2 (CD8) mAb, butCD4*CD25" cells suppressed the proliferation of CD@D25~ cells

not anti-L3T4 (CD4) mAb, inhibited the regression by anti-CD2%y specifically inhibiting the production of IL-2. Moreover, the inhi-

mAb (PC61). On the other hand, in the case of Meth A, coadmiition required the activation of CD4CD25" suppressor cellgia

istration with either anti-Lyt-2.2 (CD8) mAb or anti-L3T4 (CD4) T-cell receptor for antigen, and mediation by cell contact but not by

mADb inhibited the regression. cytokines.

Secondary Response in Mice That Rejected Tumors by Anti-  Coadministration with anti-CD8 mAb inhibited tumor regression
CD25 (IL-2Ra) mAb (PC61). As shown in Fig. 7, no MOPC-70A or py anti-CD25 mAb (PC61) alone, which suggests that CD8 T cells
RLJ1 growth was observed even at higher doses in BALB/C miGgere responsible for those tumor regressions. Coadministration
that rejected MOPC-70A or RE1, respectively, by anti-CD25 mAb yith anti-CD4 mAb had no effect on the regression of MOPC-70A

(PC61). but inhibited the regression of Meth A by PC61 alone. This
suggested that the relative involvement of CDH cells depended
DISCUSSION on the tumor, probably as helper T cells for the generation of CD8

In this study, we demonstrated that vivo administration of
anti-CD25 mAb (PC61) caused regression of tumors that grew
progressively in syngeneic mice and killed them eventually. The 30 RLJ1 307
tumors used were five leukemias, a myeloma, and two sarcomas
derived from four different inbred mouse strains. The effect of
anti-CD25 mAb (PC61) was observed on six of the eight tumors.
Administration of anti-CD25 mAb (PC61) resulted in a reduction
in CD4"CD25" cells in the peripheral lymphoid tissues. These
findings suggested that CD£D25" immunoregulatory cells were
involved in the growth of those tumors. Tumor regression wa
observed even 2-3 months after PC61-treatment. Kinetic analy%
showed that the administration of anti-CD25 mAb (PC61) Iate1: "
than day 2 after tumor inoculation caused no tumor regressior® 30 7 MOPC-70A 307
This could be due to an insufficient activation of effector cells for@® BALB/c x
proliferating tumor cells by late depletion of CDED25" T cells. g 201 20
Alternatively, it could be due to a failure in the activation of g
effector cells by depletion of CD4CD25" immunoregulatory o 10 - 10-
cells after tumor antigen stimulation. E

We previously identified a dominant rejection antigen peptides
recognized by CTL on RE1 leukemia cells (5). Irrespective of the € 0 10 20 30
presence of the rejection antigen, &L continued to grow in synge- @
neic BALB/c mice and killed them eventually. Depletion of CDF = 30- Meth A 30- x
cells from the mice resulted in tumor regression (7), consistent with
the present findings.

Thymectomy at day 3 after birth caused various autoimmune
diseases (9, 22-24). CDE€D25 T cells were shown to be
responsible for causing the diseases (8, 9). Transfer of 10+ 10
CD4"CD25" cells to those mice inhibited the occurrence of the
autoimmune diseases (9). The CD@D25" cells that appeared to 4 —— T J
represent a distinct lineage (11-13) down-regulated the induction 0 10 20 30 0 10 20 30
and/or activation of those autoreactive CDA cells from the
CD4"CD25 cell pool. Thymectomy at day 3 resulted in the Days
disappearance of CD4D25" cells, which constituted-10% of Fig. 3. Effect ofin vivo administration of anti-CD25 mAb (PC61) on tumor growth.
the CD4" T cells in the periphera| |ymph0|d tissues, which SugRLc?l (2 X 10°), MOPC-70A (5% 10P) or_MethA 2 ><105) cells were inoculated into

. . the backs of BALB/c or BALB/c nu/nu mice treated with PBS (control) or PC61 on day
gests that those cells m|grated from the thymus to those tlssues—qlr,]and the tumor growth was observed. Each experimental group consisted of five to six
about day 3 after birth (9). mice. *, the death of all of the mice in the experimental grovplues, meanst: SD.
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Fig. 4. Effect ofin vivo administration of anti-CD25 E N
mAb (PC61) on tumor growth. ASLL (IX 109, e 207 20+
AKSL2 (2 X 10°), RL?8 (2 X 10°), EL4 (1 X 10°), =
and CMS17 (2x 10°) cells were inoculated into the O
backs of the mice indicated, treated with PBS (control) &= 104 101
or PC61 on day—4. Meth A (2 X 10°) cells were o
inoculated into the backs of BALB/c mice treated with E
PC61 or normal rat IlgG. Each experimental group con- =3
sisted of five to six micex, the death of all of the mice ~ *= R T T 1 -
in the experimental group/alues, means: SD. 5 0 10 20 30 0 20 40
Q
= 30 Meth A
*
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Fig. 5.A, effect of timing ofin vivo administration with anti-CD25 mAb (PC61) on tumor growth. MOPC-70A(%CP) cells were inoculated into the backs of BALB/c mice treated
with the mAb on day—-4 to day 6 after tumor inoculation. Each experimental group consisted of three:mnihe.death of all of the mice in the experimental grovpluesrepresent
the meanB, reduction in CD4CD25" cells by PC61-treatment on days 0, 1, 2, and 4 after MOPC-70A inoculation. Assays were done on day 3 after the mAb treatment by FACScan.
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Table 2 Tumor regression by in vivo administration of anti-CD25 (ILedRnAb
(PC61)

Antibody dose

Mice with tumo
regression

0/3 2/3 3/3 3/3 3/3 3/3
Mice inoculated
with MOPC-70A
MOPC-70A
BALB/c

Mean tumor diameter (mm)

effector cells, and was consistent with our previous results (20,
21). The lack of regression of AKSL2, a spontaneous leukemia

0.03 mg 0.06 mg 0.125 mg 0.25 mg 0.5 mg 0.75 mgjerived from an AKR mouse and a RI8, a radiation-induced

leukemia derived from a BALB/c mouse by PC61-treatment, to-
gether with the normal expression of H-2 class | antigens on those
tumors (data not shown) suggested low or no antigenicity of those

Meth A
BALB/c

Treatment:

none
PC61 alone

A
(@]
)
]
L ]

PC61+anti-CD4 mAb
PC61+anti-CD8 mAb
PC61+anti-CD4 mAb+anti-CD8 mAb

Fig. 6. Effect of CD4 and/or CD8 depletion on tumor rejection by PC61. MOPC-70A {8°) and Meth A (2x 10°) cells were inoculated into the backs of BALB/c mice treated
with PC61 on day-4, and anti-L3T4 (CD4) mAb and/or anti-Lyt-2.2 (CD8) mAb on day and day—4. Each experimental group consisted of five to six miceahe death of all

of the mice in the experimental grougalues, meanst SD.

Inoculated with Secondary challenge
30} MOPC-70A 30}
. { X
201 O MOPC-70A
O8 RLJ'1
—
£ 10-
_ - E
Fig. 7. Secondary tumor rejection response in~=~*
PC61-treated mice. MOPC-70A (% 10°) and B
RL31 (2 X 10°) cells were inoculated into the -oq-; -
backs of BALB/c mice treated with PBS (control)
and PC61 on day-4. Mice treated with PC61 were E Y 10 20 30
challenged with MOPC-70A (1X 10°) (@) or 8
RLA31 (1x 10°) (M) cells 4—6 weeks after primary @
tumor rejection. O and [J, normal (control) % 307 RLA1 30 *
BALB/c mice. Each experimental group consisted o
of five to s:.ix mice.*, the death of all of the mice in g b d
the experimental group/alues, means: SD. - 201 204
G .
Q
= 101 10
0 10 20 30 0 10 20 30
Days
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tumors for eliciting effective rejection responses in syngeneic rally anergic and suppressive T cells: induction of autoimmune disease by breaking
mice their anergic/suppressive state. Int. Immund0; 1969-1980, 1998.
: 14. Taguchi, O., and Takahashi, T. Administration of anti-interleukin-2 recegptor
antibodyin vivo induces localized autoimmune disease. Eur. J. InmuR61.1608—
1612, 1996.
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