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Summary: Renal cell carcinoma (RCC) is relatively resistant to chemotherapy
and radiotherapy, whereas treatment with biologics has achieved limited suc-
cess. Although monoclonal antibodies able to recognize human RCC have been
identified, most induce little complement-dependent cytotoxicity or antibody-
dependent cellular cytotoxicity (ADCC), and thus are of limited potential as
therapeutic modalities in their natural conformation. We evaluated a human/
mouse chimeric derivative of the previously described G250 murine monoclo-
nal antibody (mAb), reactive with RCC, to 1dentify a reagent for potential
immunotherapy. This chimeric antibody (ch-G250) is composed of the murine
variable region from the (G250 mAb, which recognizes a tumor-associated an-
tigen expressed on 95% of primary and 86% of metastatic renal cell carcino-
mas. The constant region of the ch-G250 is comprised of the human IgG,
isotype domains. This chimeric antibody does not bind to normal renal tissue
or other normal human tissues, with the exception of gastric mucosal cells and
large bile-duct epithelium. Clinical radiolocalization studies have demonstrated
the relative tumor-targeting potential of this radiolabeled antibody. This ch-
(G250 antibody facilitated potent ADCC against several RCC lines when using
in vitro and in vivo interleukin-2 (IL-2)-activated peripheral blood mononu-
clear cells obtained from healthy control donors and patients with cancer,
respectively. This lymphocyte-mediated ADCC was specific for RCC cells
recognized by the ch-G250 antibody. Using flow cytometry, we found that the
level of ADCC was directly related to the degree of binding of ch-G250 to the
renal cell target. These 1n vitro data suggest that this antibody may improve
efficacy of IL.-2 therapy by targeting cytokine-activated effector cells directly
to the tumor and facilitating in vivo ADCC. Clinical studies combining this
chimeric antibody with IL-2 treatment will be needed to test the antitumor
effects of this ADCC effect in vivo. Key Words: Immunotherapy—Renal can-
cer—Monoclonal antibody.

Murine monoclonal antibody m(G250 recognizes a
determinant expressed preferentially on renal cell
carcinoma (RCC). It does not bind to normal kidney
tissue (1). An initial clinical study using '*'I-labeled
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mG250 demonstrated that this antibody localized
preterentially to RCC, expressing the G250 antigen
(2) and that the antibody was useful as an imaging
agent. The specific localization and accumulation
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rates suggested that the antibody may have thera-
peutic potential (2). Murine studies demonstrated
that mG250 given to nude mice with established
RCC xenografts resulted in inhibition of tumor
arowth (3). In addition, treatment with combined
interferon-a and tumor necrosis factor-a (TNF-a)
together with mG250 significantly enhanced the an-
titumor response over that seen with the combined
cytokines or antibody alone (3). A phase I/II trial
with *'I-tagged murine G250 antibody in patients
with RCC demonstrated that a single dose of anti-
body was well tolerated and minor antitumor activ-
ity was noted in 3 of 15 patients (4). These results
suggested that repeated infusions of the radiola-
beled antibody may be able to obtain better antitu-
mor activity.

Interleukin-2 (IL-2), as a single agent, has had
limited success as a treatment for RCC (5). The
therapeutic action of this cytokine is not fully un-
derstood. Although virtually all patients demon-
strate expansion and activation of their natural
killer cell population (6,7), only a minority of
patients have antitumor responses. A significant
proportion of these activated natural killer cells
express Fc receptors (8), and combining a RCC-
specific antibody able to mediate antibody-depen-
dent cellular cytotoxicity (ADCC) with the cytokine
therapy might specifically target the eftector cells to
the tumor and enhance tumor destruction,

In an effort to expand the utility of mG250 anti-
body as a therapeutic agent, a human/mouse chi-
meric antibody was constructed (9). This antibody
maintained the murine variable region conferring
the specificity of the murine G250 antibody -and
used the human IgG, constant domains. Because
some human IgG, antibodies can mediate ADCC,
we investigated the specificity of ADCC activity by
the ch-G250 chimeric antibody.

MATERIALS AND METHODS

Monoclonal Antibodies

The ch-G250 antibody 1s a human/mouse chi-
meric antibody (human IgG,) derived from the par-
ent murine monoclonal G250, which recognizes a
tumor-associated antigen homogeneously expressed
on RCC (9). The chimerization process was the same
as previously described for the 323/A3 chimeriza-
tion (10). Binding studies and affinity constants
show that the ch-G250 antibody has identical bind-
ing to the parent murine G250 antibody from which

it was derived (E. Oosterwijk, unpublished data).
UMVA-RCC-A6H (A6H) i1s a mouse monoclonal
antibody of the IgG, subclass, which reacts with
human RCCs. This antibody was provided by Dr.
Timothy Moon, Umversity of Wisconsin, Madison,
WI (11). ING-1 is a human/mouse chimeric anti-
body ot the human IgG, subclass provided by Dr.
R. Robinson (Xoma, Santa Monica, CA, U.S.A.)
that binds a 40 kDa tumor-associated membrane
glycoprotein. This tumor antigen 1s expressed on
colon, lung, and breast carcinomas (12).

Cell Lines and Culture Conditions

SK-RC-13, SK-RC-30, and SK-RC-52 RCC lines
were obtained from the tumor cell bank of the Lud-
wig Institute for Cancer Research, New York
Branch at Memorial Sloan-Kettering Cancer Cen-
ter. BT-20 is a human breast carcinoma cell line
obtained from the American Type Culture Collec-
tion (Rockvilie, MD, U.S.A.). All cell lines were
grown as monolayers in RPMI-1640 supplemented
with penicillin and streptomycin, 25 mM HEPES
buffer, L-glutamine, and 10% fetal bovine serum
(FBS) (Hyclone). A solution of 0.05% trypsin—0.33
mM EDTA was used to harvest cells from the flasks
before use.

Effector Populations

Normal peripheral blood mononuclear cells
(PBMC) from healthy volunteers were isolated from
heparinized blood by centrifugation over a Ficoll-
Hypaque density gradient. Activated natural killer
(NK) cells were obtained by incubating PBMC in
RPMI containing 10% heat-inactivated human se-
rum (RPMI-HS) supplemented with 100 U/ml IL-2
(Hoffmann-L.a Roche, Nutley, NJ, U.S.A.), for 24
h. The cells were washed twice just before use in
the ADCC assay. PBMC were also obtained from
cancer patients undergoing IL-2 therapy at the Uni-
versity of Wisconsin (UW) Comprehensive Cancer
Center at either 1.5 or 3 X 10° U/m?%/day. The sam-
ples used for the ADCC assays were obtained from
patients 24 h after a 4-day continuous infusion of
IL-2 (Hoffmann-ILa Roche) (13). The PBMC were
tested immediately after isolation over a Ficoll den-
sity gradient or were cryopreserved and then
thawed immediately before the assay. All donors
signed informed consent forms approved by the
UW Human Subjects Review Board.

F Inumunather, Vol, 19, No. 3, 1996
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ADCC Assay

PBMC were resuspended in RPMI-1640 supple-
mented with 10% human serum, penicillin/
streptomycin, L-glutamine, 25 mM HEPES (RPMI-
HS), and plated in a 96-well microtiter plate in a
50-ul volume at three effector-to-target-cell (E:T)
ratios. Fifty microliters of RPMI-HS or RPMI-HS
supplemented with IL-2 at a concentration of 400
U/ml was added to the wells, and plates were incu-
bated at 37°C in 5% CO, for 30-45 min. Monoclonal
antibody was added in 50 pl, resulting in a final
concentration of 0.5 wg/ml for ch-G250 and 1 pg/ml
for ING-1. The target cells were labeled with 250
wCi of °!Cr for 2 h at 37°C in 5% CO,, washed and
resuspended to 1 x 10° cells/ml in RPMI-HS. Tar-
gets were added to quadruplicate wells in a 50-pl
volume. The E:T ratios were 100:1, 33:1, and 11:1.
After a 4-h incubation, the supernatant was har-
vested using the Skatron harvesting system (Ska-
tron, McLean, VA, U.S.A.) and percent cytotoxic-
ity was calculated for each E:T ratio using the fol-
lowing equation:

experimental — spontaneous

% cytotoxicity = :
maximum ~ spontaneous

Spontaneous 1s the amount of radioactivity released
when targets are incubated in RPMI-HS only; the
maximum 1S the amount of radioactivity released
when targets are incubated in cetrimide detergent

(Sigma Chemical Co., St. Louis, MO, U.S.A.).

Immunofluorescence

Indirect immunofluorescent staining was used to
analyze the expression of the renal carcinoma cell
associated antigen detected by the ch-G250 anti-
body. Tumor cell lines were harvested, washed,
and resuspended in Hanks’ balanced salt solution
with 1% FBS. Fifty microliters containing 2.5 X 10°
cells were added to 50 pl of the appropriate mono-
clonal antibody (mAb), which was at 20 wg/ml. The
cells were incubated at 4°C for 30 min and were
washed once with phosphate-buffered saline (PBS).
The secondary antibody, either goat anti-mouse
IgG fluorescein isothiocyanate (FITC) conjugated
(Becton Dickinson, San Jose, CA, U.S.A.) or goat
anti-human IgG FITC conjugated (Caltag, San
Francisco, CA, U.S.A.) at a 1:100 dilution, was
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added to the appropriate samples. The cells were
incubated at 4°C for 30 min 1n the dark. The cells
were washed in PBS, and 40 pl of a 4-pug/ml stock of
propidium iodide were added just before analysis on
the FACScan (Becton Dickinson) to exclude dead
cells.

Statistical Analyses

Data from multiple experiments were used to de-
termine least-squares means. The means were ad-
justed for individuals where all possible combina-
tions of antibodies, cytokines, and targets were not
included 1n each assay. Paired ¢ tests were used to
determine significance.

RESULTS

Expression of G250 Surface Antigen Detected
by ch-G2350

To determine the density of the G250 cell surface
antigen expressed on several RCC lines, we ana-
lyzed them by indirect immunofluorescence. Figure
1 shows that ch-G250 detected the antigen on all
three RCC lines tested. The expression was greatest
on SK-RC-13 cells, intermediate on SK-RC-30
cells, and SK-RC-52 cells had the lowest expres-
sion. All three of these lines stained positively with
the murine anti-RCC antibody, A6H. The BT-20
breast carcinoma line did not bind either A6H or
ch-G250, but was positive for ING-1, which recog-
nizes a tumor-associated 40-kDa glycoprotein. SK-

RC-30 cells also expressed the antigen recognized
by ING-1.

Antibody-Dependent Cellular Cytotoxicity Is
Associated with the Expression of G250 Antigen on
the Target Cell

The ability of activated NK cells to lyse the tu-
mor cell targets was related to the degree of binding
of the monoclonal antibody shown in Fig. 1. Figure
2 summarizes the results from six separate experi-
ments performed with PBMC obtained from 10 nor-
mal donors. The mean percent cytotoxicity values
are presented. G250 expression was greatest on the
SK-RC-13 line, and this target demonstrates the
specificity of ADCC mediated by ch-G250 (p =
0.0002) comparing cytotoxicity in media versus cy-
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52) and a breast carcinoma line (BT-20) were tested in indirect immunofluorescence by flow cytometry. Fluorescence intensity on a log;,
scale is plotted on each x axis. Primary antibodies included ch-G250, A6H, which is a murine monoclonal antibody reactive with RCC,
and ING-1, a human/murine chimeric antibody that recognizes a 40-kDa membrane glycoprotein expressed on the majority of breast,
colon, and lung carcinomas.

totoxicity with the addition of ch-G250. The SK-
RC-30 RCC cells-demonstrated a low yet reproduc-
ible level of ADCC with ch-G250 (p = 0.067) for the
comparison of cytotoxicity in media versus ch-
(250. The BT-20 targets did not bind the ¢ch~G250
antibody, and no significant ADCC was seen with

the ch-G250 antibody, whereas the ING-1 antibody
did bind specifically to this target and facilitated
significant ADCC (p = 0.020) for cytotoxicity in
media versus ING-1. Neither the ch-G250 nor
ING-1 antibodies facilitated lysis of the SK-RC-52
(data not shown).

J Immunother, Vol, 19, No., 3, 1996
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FIG. 2. Specificity of chimeric antibody G250 in antibody-dependent cellular cytotoxicity. Renal carcinoma lines SK-RC-13 and
SK-RC-30, and breast carcinoma line BT-20 were targets in a 4-h °'Cr release assay. Effectors were peripheral blood mononuclear cells
(PBMC) obtained from healthy control donors cultured in interleukin-2 (I11.-2) for 24 h before the assay. Assay conditions included
standard tissue culture media, media supplemented with IL-2 at 100 U/ml, ch-G250 at 0.5 pg/ml, ING-1 at 1 pg/ml, and these antibody
concentrations plus [L-2 at 100 U/ml. Results shown are the means of percent cytotoxicity values for effector-to-target ratios of 100:1
obtained in six separate assays, involving PBMC from 10 healthy donors.

Effect of In Vivo IL-2 on ADCC with ch-G250
Chimeric Antibody

To determine whether ch-G250 would facilitate
the augmented ADCC mediated by freshly obtained
PBMC activated in vivo by IL-2 (14), patient PBMC
were obtained 24 h after completion of a 96-h con-
tinuous infusion of IL-2 (Fig. 3). These effectors
mediated lymphokine activated killer (LAK) activ-
ity against SK-RC-13, which was best detected in
the presence of IL-2 during the 4-h assay. ADCC
activity was also noted with the ch-G250 antibody.
The combination of IL-2 and antibody induced al-
most complete lysis of this target. The ING-1 chi-
meric antibody, which did not bind to this target,
had no effect on cytotoxicity. In two subsequent
experiments, cryopreserved PBMC, which were
obtained from three separate patients after a 96-h
continuous infusion of Il.-2, were thawed and as-
sayed. These in vivo activated effectors demon-
strated a pattern of ADCC on SK-RC-13 target cells
similar to that shown by the fresh patient PBMC

J Immunother, Vol. 19, No. 3, 1996

(Fig. 3); however, the degree of cytotoxicity was
less with the freshly thawed PBMC (data not
shown). Freshly obtained eftectors from the normal
control donor also mediated ADCC against the SK-
RC-13 target; however, this cytotoxicity was not
augmented by the addition of 1L-2 during the 4-h
assay.

Figure 4 presents data obtained using freshly
thawed PBMC from a second patient, obtained and
cryopreserved before and 24 h after a 96-h infusion
of IL-2, to demonstrate the effect of in vivo IL-2
treatment on ch-G250-mediated ADCC. Minimal
LAK activity and ADCC on the SK-RC-13 target
were seen with PBMC from the patient obtained
before IL-2 treatment. A slight increase was seen in
the ADCC activity when the ch-G250 antibody and
IL-2 were combined in the assay. PBMC obtained
24 h after IL-2 therapy mediated low-level LAK
activity in media alone. This lytic activity was aug-
mented when IL-2 was included in the assay, as
noted previously (7). When the ch-G250 was added
to the in vivo primed PBMC, cytotoxicity was dou-
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FIG. 3. Antibody-dependent cellular
cytotoxicity mediated by freshly ob-
tained peripheral blood mononuclear
cells from a healthy control donor and a
cancer patient after interleukin-2 (IL-2)
therapy. The SK-RC-13 renal carcinoma
line was used in a 4-h °!Cr release assay.
Assay conditions included standard tis-
sue culture media, media supplemented
with IL-2 at 100 U/ml, ¢h-G250 at 0.5
ng/ml, ING-1 at 1 wg/ml, and these anti-
body concentrations plus IL-2 at 100
U/ml. Results shown are the 100:1 effec-
tor:target ratio. Error bars indicate 1 SD.

NORMAL

bled over that obtained in medium. This lytic activ-
ity was increased further when IL-2 was added in
combination with the ch-G250 antibody. Thus, as
seen previously (14), PBMC obtained from a patient
after 1L-2 treatment show a striking increase over
pretreatment PBMC in their ability to mediate LAK
and ADCC against a tumor target. The fresh normal
control PBMC tested 1n Fig. 4 showed LAK and
ADCC activity against the SK-RC-13 target, as
noted in Figs. 2 and 3.

DISCUSSION

Although IL-2 therapy can provide clinically sig-
nificant antitumor responses for some patients with
RCC, these are seen in only 10-20% of treated pa-
tients, whereas virtually all patients show the dose-
dependent toxicities arising from the systemic acti-
vation of IL.-2-responsive cells (5). Increasing the
IL.-2 dose or combining IL-2 with 1n vitro activated
LAK cells appears to increase the toxicity with lit-
tle added antitumor benefit (15,16). Enhanced anti-
tumor effects might be possible if the IL-2-activated
effector cells were more selective in their recogni-
tion and destruction of RCC.

In murine tumor models, the in vivo combination
of IL-2 and tumor-reactive mAb (which mediate
ADCC in vitro) provide better antitumor effects
than treatment with IL-2 or the mAb alone (17-19).

The Fc component of the mAb is essential in this
antitumor effect, because the Fab’2 component of
the mAb does not provide tumor protection (19).
These data suggest that the in vivo combination of
tumor-reactive mAb capable of facilitating ADCC,
plus IL-2 allows 1n vivo ADCC, mediating an anti-
tumor effect in appropriate mouse models.

This concept has now been extrapolated to clin-
ical trials in human cancer patients. After in vivo
IL-2 treatment, the circulating PBMC are able to
show much greater in vitro ADCC capability than
are PBMC obtained before IL-2 treatment (14,20).
Chlinical protocols are testing the combination of
IL.-2 with murine and chimeric mAb able to mediate
ADCC in vitro (21-23). We have recently shown
that patients receiving combined treatment with
IL-2 and the GD2 reactive 14.G2a mAb have serum
levels of mAb that can facilitate in vitro ADCC with
autologous freshly obtained PBMC. This result in-
dicates that conditions compatible with antibody-
specific ADCC have been achieved by this combi-
nation in vivo (21).

To test this concept in patients with RCC, it was
necessary to identify a mAb able to mediate ADCC
of human RCC with human effectors. The murine
G250 mADb (IgG,) has been used clinically in a Phase
I antibody localization study and demonstrated
highly specific in vivo tumor targeting (2). How-
ever, this antibody i1s not capable of facilitating

J Immunother, Vol. 19, No. 3, 1996
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FIG. 4. Comparison of antibody-dependent cellular cytotoxicity seen with fresh peripheral blood mononuclear cells (PBMC) from a
normal control donor and with freshly thawed PBMC samples obtained from a patient just before (Pt.7 pre) and 24 h after (Pt.7 post) a
06-h interleukin-2 (IL-2) infusion. SK-RC-13 was used as the target in a 4-h chromium release assay. Assay conditions included media
alone, IL.-2 at 100 U/ml, ch-G250 at 0.5 pg/ml, or ch-G250 plus IL-2. The effector:target ratio was 100:1. Error bars indicate 1 SD.

ADCC with human effector cells. An IgG2a 1sotype
switch variant of the murine G250 antibody was
used in an RCC xenografted nude mouse model in
which antitumor activity was detected, and this ac-
tivity was enhanced by concomitant treatment with
interferon and TNF-a (3). Interferon 1s known to
enhance the ADCC activity of both macrophages
and NK cells, whereas TNF enhances macrophage
ADCC. Histopathology of regressing lesions
showed an infiltration of mononuclear cells with a
significant macrophage component, suggesting that
the tumor inhibition may have included a compo-
nent of in vivo ADCC. In this report, we used a
human/murine chimeric variant of the G250 anti-
body to assess the ADCC functions of the human
i1sotype with human effector cells.

The data presented here document that ADCC
was mediated by the ch-G250 mAb on human RCC
iines with human effector cells. The level of ADCC
was dramatically enhanced when effector cells were
obtained after in vivo IL-2 treatment, as shown pre-
viously for other mAb capable of facilitating ADCC
(14,21). In these current in vitro studies, the level of

ADCC corresponded to the level of expression of
the G250 molecule on the different RCC lines.

J Immunother, Vol. 19, No. 3, 1996

The majority of human RCC tumors show homo-
geneous expression of the G250 antigen in vivo,
with little expression on normal tissues (1). Further-
more, the murine mG250 and the chimeric ch-G250
antibodies have shown little toxicity in their initial
clinical testing as single-agent treatment 1n radiolo-
calization or Phase I testing (2). Therefore, these
data suggest that the ch-G250 mAb should be tested
in a Phase I clinical trial in combination with IL-2 to
determine their combined toxicity and to attempt to

induce effective 1n vivo ADCC to RCC.
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