
A significant problem regarding the use of iodine
labeled Mabs for diagnosis and therapy has been low
tumor uptake and poor retention of radioiodine in
tumors (i.e., <0.001 % of injected dose/gram in many
patient studies). This is believed to be due, in part, to
dehalogenation of the antibody in vivo (9). To circum
vent the in vivo deiodination, new methods of radio
iodinating antibodies have been developed which em
ploy radioiodinated small molecule conjugates (10â€”13)
that do not have the ortho-iodophenol moiety (e.g.,
tyrosine) thought to be susceptible to enzymatic dehal
ogenation. Thus, rather than using the standard radio
iodination method where direct coupling of radioiodine
to the Mab's endogenous tyrosine residues occurs (14,
15), in this investigation radioiodination was carried
out through the conjugation of N-succinimidyl para
iodobenzoate (PIB), a reagent that has been shown to
be resistant to in vivo deiodination (1 1).

The PIB radioiodination procedure was used to com
pare the biodistribution of five anti-melanoma mono
clonal antibodies, each recognizing a distinct antigen
on melanoma cells. Xenografts derived from three in
dividual melanoma cell lines were used for targets.
Variables including tumor antigenicity, Mab immuno
reactivity, time course of biodistribution, Mab dose,
and tumor site (i.e., subcutaneous versus visceral me
tastases) were compared. We also examined whether in
vitro binding of individual Mabs to the three different
melanoma cell lines predicted in vivo localization in
mice bearing subcutaneous tumors derived from these
lines.

MATERIALS AND METhODS

Cell Lines
Characteristics of melanoma cell lines DX3, A3755M, and

HS294t have been described previously (16â€”18).A37SSM is
a subclone ofthe parent line A375M (17). Cells were cultured
in Eagles MEM (Cellgro Products, Houston, TX), supple

Tumor uptake was examined with respect to antigen
expression, time-dependent biodistribution, dose of Mab
injected,tumor size, and tumor site (i.e., subcutaneous
versuslungor livermetastases).NR-ML-05,96.5,andP94
showedsignificantlygreateruptakein subcutaneoustu
mors than CL207and 5.1 (p < 0.05). NR-ML-05had a
significantlyhighertumor uptakeat 24 hr (11.9 Â±0.51)
than at 72 hr (4.0 Â±0.37) or 144 hr (2.7 Â±0.84) after
injection(p < 0.001).The other four Mabs had similar
tumor distribution at all three time points. The tumor
uptake of four Mabs (96.5, P94, CL207. 5.1) differed with
respect to in vitro versus in vivo binding to tumor, tumor
type, dose of Mab, and tumor site (subcutaneous versus
metastases). In contrast, NR-ML-05 demonstrated con
sistent uptake in tumors independent of the above param
eters. These data suggest that certain host parameters
can influence in vivo tumor targeting depending on char
acteristics of each Mab studied.
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he concept of delivering effective diagnostic and
therapeutic doses of radionuclides coupled to mono

clonal antibodies (Mabs) has been explored for more
than 10 yr. Despite promising preclinical models and
studies in man, these agents have had little impact in
the clinical management of cancer patients. There are
numerous possible reasons for this including variations
in radiolabeling procedures(1), problems with antibody
specificity and affinity (2), as well as other physical
parameters which influence Mab uptake in tumors
including tumor size (3â€”5),antigen content (5), blood
flow (6), and Mab metabolism (7â€”8).
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Melanoma
MabSubclassAntigenImmunoreactivity (i.e.,afterlabeling)AffinityconstantNR-ML-05lgG2b240Kd

Proteoglycan70%6.6
x i0M-196.5lgG2a97Kd

Glycoprotein50%3.3
x iO@M-1P94lgG2a94Kd

Glycoprotein70%8
x 1010M-1CL207IgGi96Kd

Glycoprotein55%3.14
x 10@M-15.1lgGl2lOKd

ProteinN.T.N.T..

NT. = not tested.

mented with 10% fetal calf serum (Hyclone Products, Hous
ton, TX) nonessential amino acids, 100 mMsodium pyruvate,
200 mMglutamine(CellgroProducts)and 0.05%gentamicin.
They were routinely passaged once weekly and maintained at
37Â°Cin a humidified incubator. All lines were free of myco
plasma contamination prior to use as determined using the
Genprobe kit (Genprobe, Inc., San Diego, CA) for myco
plasma.

MonoclonalAntibodies
Murine anti-melanoma Mabs NR-ML-05, 96.5, P94,

CL207, and 5. 1have been described previously(19â€”23)(Table
1). Mabs 96.5, P94, and 5. 1 were supplied by Hybritech, Inc.
(San Diego, CA) as ascites. These Mabs were purified using
Protein A (Pharmacia, Uppsala, Sweden) or MAPS (Bio-Rad,
Richmond, CA) affinity columns and then concentrated, using
Amicon (Danvers, MA) filters, to a final concentration of 5
mg/mI in phosphate-buffered saline (PBS). Affinity purified
Mab CL207 (IgG 1) was a gift of Dr. Soldano Ferrone, Val
halla, NY. Purified NR-ML-05 was supplied by NeoRx Cor
poration in addition to two subclass-matched, irrelevant
Mabs, NR-LU-l0 (IgG2b) and NR2AD (IgG2a). NR-LU-lO
binds to adenocarcinomas whereas NR2AD reacts with the
idiotype of a B-cell lymphoma cell line. Mab l5A8, an IgGl
murine Mab reactive with breast carcinoma, was supplied by
Dr. Renato Dulbecco, Laiolla, CA. This Mab served as the
subclass-matched control Mab for both CL207 and 5.1.
Screeningof Mab bindingprior to labelingwasperformed
using ELISA technique (24). The binding ofall the antibodies
to each ofthe three cell lines was found to be two- to five-fold
greater than the control Mabs.

Antibody Labeling Using PIB
The standard para-iodobenzoyl (PIB) labeling procedure

for low levels of iodine-l25 (1251)or â€˜@â€˜ihas been described
previously (I 1). This method conjugates N-succinimidyl-para
iodobenzoate to the Mab. Briefly, 37.5 @lof a mixture of 1%
HOAc/MeOH, 10 @zlof a 1 mg/mI MCOH solution of N-
chlorosuccinimide (NCS) and 10 @LPBS were sequentially
added to a reaction vial (fitted with a septum) containing N-
succinimidyl 4-tri-@-butylstannylbenzoate (12.5 @zg,2.5 X lO_2
@imole)in 12.5 @il1% HOAc/MeOH. One millicurie of either
1251 (melanoma-specific Mabs) or â€˜@â€˜I(control Mabs) was

added to the reaction solution and after 5 mm the reaction

wasquenched by the addition of NaHSO3(10 @t1,7.5 X l02
@zmole.The MeOH solvent was evaporated under N2 gas for
10 minutes. 500 @gofMab in 100 @tlPBS was mixed with 100
@L1borate buffer (pH 9.3) and then added to the reaction vial.
Conjugation was allowed to proceed for 5 mm at room
temperature. Radiolabeled Mab was separated from unreacted
radioiodine by chromatography on sephadex 0-25 (PD-l0)
(Pharmacia) columns. Radiochemical yield ranged from 40%
to 60%; incorporation of radiolabelinto Mabs measuredby
TCA precipitationwas greaterthan 90%. The specific activity
ofradiolabeled Mabs ranged between 0.2 and 0.3 @Ci/@g.The
immunoreactivity and affinity of each Mab was evaluated
using the Lindmo method (25) (Table 1).

Live Cell Radioimmunoassay
Binding of radiolabeled murine Mab to melanoma cells

was examined using a previously published RIA technique
(26). Cells were harvested from subconfluent cultures using
trypsin-EDTA (0.01% trypsin in 0.02% EDTA), washed twice
in complete medium, and seeded in flat-bottomed microtiter
plates at a concentration ofO.5 to 1x l0@cells/well. Following
a 24-hr incubation at 37Â°C,5% CO2. growth medium was
aspirated and 100 @lof 10% bovine serum albumin (BSA)
(wt/vol) in MEM (Cellgro Products) medium containing 0.8%
sodium azide was added to each well. After a 1-hr incubation
at 37Â°C,the medium was gently aspirated and cells were
washed once with BSA-containing medium. One hundred
microliters ofradiolabeled Mabs (concentration: 1.5 to 10 @@g/
ml in MEM containing 1% BSA) was added to each well for
60 mm. Following an additional 60-mm incubation at 37Â°C,
cells were washed four times with MEM containing 1% BSA
and 100 @lof 1% Nonidet NP-40 (Sigma Chemical Corp., St.
Louis,MO)wasadded to lysecells.The fluidin eachwellwas
absorbed onto a cotton swab and radioactivity was measured
in a gamma counter (Packard Instruments, Des Plaines, IL).
Background counts per minute (wellscontaining media alone)
were subtracted from experimental wells. All binding experi
ments were done in triplicate. The amount ofantibody bound
was expressed as the mean counts per minute per l0@cells.

AthymicMouseStudies
Six-week-old athymic (nude) mice were obtained from

Simonsen Laboratories (Gilroy, CA). Mice were maintained
in specific pathogen-free conditions and were used at 8â€”10wk

TABLE 1
AntibodyCharacteristics
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ofage. Subcutaneous and visceral xenografts were established
as follows:

Subcutaneous Model: DX3, A375SM and H5294t mela
noma cells were harvested while in log phase from plastic
Tl50 tissue culture flasks using 0.01% Trypsin, 0.02% EDTA
solution. Cells were counted, washed and suspended in Hanks
balanced salt solution (HBSS) (Gibco, Grand Island, NY).
Viability was greater than 90%. The cell suspension was
adjusted to a concentration of 1 x l0@cells/ml and 0. 1 ml of
suspension was injected into the subcutaneous tissue overlay
ing the right chest wall near the anterior axillary line of each
mouse. At 4â€”5wk when tumors had reached 0.5â€”2cm in size,
5 @Lgofeach â€˜251-labeledmelanoma-specific Mab was injected
i.v. simultaneously with 5 @gof the respective â€˜3I-labeled
control Mab. Mice were killed at various times (24, 72, and
144 hr) following injection. Tumor and normal heart, lung,
spleen, liver, kidney, stomach and intestine, and muscle were
removed, weighed, rinsed in normal saline to remove blood
contamination, and assayed for radioactivity on a gamma
counter with windows set for dual-channel counting of 125!
and â€˜@â€˜I.The percentage ofinjected Mab/g (%ID/g) in tumor
and normal organswascalculatedas:

1251/1311 cpm/g tissue@ 100

1251/1311 injected (corrected for decay)

Tumor-to-blood (T:B) or tumor-to-organ ratios were calcu
lated by dividing the %ID/g Mab in tumor by the %ID/g Mab
in the respective organ. The specificity of localization (local
ization index = LI) for each melanoma Mab relative to its
subclass-matched control Mab was calculated as:

%ID specificMab in tumor
+ %ID specific Mab in blood

%ID control Mab in tumor
+ %ID control Mab in blood

Localization indices greater than one denote specific localiza
tion.

Metastatic Models: Methods for establishing liver metas
tases as well as lung metastases from intrasplenic or i.v.
injections of melanoma cells have been described previously
(27). Liver metastaseswere generated by injection of 0.5 x
106 DX3 melanoma cells into the splenic capsule using a 30-
gauge needle. At 6â€”8wk, animals demonstrated abdominal
distension and at autopsy had macroscopic tumor nodules in
the liver. Similarly,lung metastaseswere generated by i.v.
injection of 1 x l0@A375SM melanoma cells. Gross met
astatic nodules appeared in the lungs of mice at eight weeks
following injection. Following injection of 5 @gof each of the
respective Mabs, tumors were dissected free from surrounding
normal tissue. T:B ratios, %ID/g Mab in tumor in tissues, and
LIs were calculated as above. In all cases, there was no
microscopic tumor present in normal liver, however it was
difficult to separate gross tumors in lung from surrounding
normal lung. From 5â€”10mice/group were used per experi
ment. In some cases, additional mice were used (up to 20 per
group) to confirm previous observations.

Statistical Analysis
One-way analysis of variance (ANOVA) and Students' t

test for independent means was used to determine significance

between groups. Results were expressed as mean Â±standard
error ofthe mean (s.c.m.).

RESULTS

Mab Specificityand Kineticsof LocalizationIn Vivo
Each ofthe five Mabs were radiolabeled with 125!and

injected simultaneously along with the subclass
matched 1311-labeled control Mab into groups of mice
bearing A375SM subcutaneous xenografts. At either
24, 72, or 144 hr after injection, mice were killed and

the %ID/g in tumor, blood, and visceral organs was
determined. T:B ratios were determined for each Mab
and the LIs were calculated as described. The mean Â±
s.e.m. %ID/g uptake for each Mab in tumor at the
respective time points along with LIs at each time point
are shown in Table 2. Of the five Mabs, NR-ML-05,
96.5, and P94 demonstrated greater localization in
terms of %ID/g compared to either CL207 or 5. 1 at 24
or 72 hr postinjection (p < 0.05). With the exception
ofMab NR-ML-05, there was no statistically significant
difference in tumor localization at 24, 72, or 144 hr for
Mabs 96.5, P94, CL207, and 5. 1. NR-ML-05 demon
strated three-fold greater uptake in tumor at 24 hr
compared to 72 hr and 144 hr (p < 0.001). Significantly
higher localization indices were observed at 144 hr for
NR-ML-05 and at 72 hr for 96.5 and P94 compared to
other time points (p < 0.05). These data reflect a higher
T:B ratio for specific versus nonspecific Mab at these
times. In view of the lack of significant differences in
%ID/g between time points in four ofthe five antibod
ies tested, as well as the higher LIs at 72 hr for two of
the Mabs, subsequent experiments were performed 72
hr after Mab injection.

Except for NR-ML-05 where the T:B ratio at 144 hr
(2.7 Â±0.43) was significantly higher than at 24 hr (0.70
Â±0. 11, p < 0.001), there were no significant differences
in T:B ratios at 24, 72, or 144 hr for the remaining
Mabs (Table 2). A comparison ofT:B and tumor:organ
ratios for NR-ML-05 localization versus NR-LU-10
(control) localization in mice with A375SM tumors is
shown in Figure 1. Significantly higher ratios were
observed for specific compared to nonspecific Mabs.
For NR-ML-05, the highest ratios observed were tumor
to-liver (10.2 Â±1.2) and tumor-to-stomach and intes
tine (23.5 Â±3.6).

In VitroVersus In Vivo Mab Immunoreactivity
Table 3 compares the in vitro binding of each of the

melanoma-specific Mabs to each of the three cell lines
with in vivo uptake at 72 hr in the respective subcuta
neous xenografts. In vitro binding of each Mab to each
cell line varied significantly. Similar differences were
noted in vivo; moreover, there was not a positive cor
relation between in vitro binding and targeting of Mabs
to the respective tumor grown in vivo. For example, for
cell line DX3, the degree of immunoreactivity between
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%lD/g(Ll)

T:B T:BT:BMab
24 hr ratio 72 hr ratio 144hrratioNRML

11.9 Â±0.51 (2.5) 0.70 Â±0.1 1 4.0 Â±0.37 (5.3) 1.9 Â±0.28 2.7 Â±0.84 (8.2)* 2.7' Â±0.4396.5
5.1 Â±0.97(1.7) 0.60Â±0.09 4.8 Â±0.78(3.1)@ 1.7Â±0.55 2.6 Â±0.18(1.9) 0.60Â±0.11P94
3.6 Â±0.99(2.3) 0.87Â±0.37 3.3Â±0.39(6.8)@ 1.4 Â±0.27 2.3 Â±0.47(N.T.)t 1.2Â±0.24CL207

NT. â€” 2.3Â±0.33(2.2) 0.92Â±0.08 1.6Â±0.24(1.6) 0.86Â±0.125.1
2.2 Â±0.30 (1.3) 0.54 Â±0.09 2.2 Â±0.44 (1.1) 0.52 Â±0.04 1.9 Â±0.25 (N.T.) 0.45 Â±0.06.

LI. = localized index (see Materials and Methods). Values represent mean of 10 mice pergroupt

NT. = nottested.t

LI significantly increased versus 24 and 72 hr (NRML-05; p < 0.05), OR vs. 24 and 144 hr (96.5 and P94; p <0.05).li
Significantly greater (p < 0.001) compared to 72 and 144hr.I
Significantly greater (p < 0.001) compared to 24 hr.

TABLE2
Kinetics of Mab Localization in A375SM Tumors

each of the five Mabs (expressed as cpm/l05 cells) was
as follows: NR-ML-05 >96.5 >P94 >CL207 >5. 1, re
spectively (p < 0.001). In contrast, the %ID/g in DX3
tumors was significantly greater for CL207 (6.5 Â±0.85)
compared to each of the other Mabs (p < 0.001).
Antibody 96.5 had very poor localization in DX3 tu
mors (0.94 Â±0.20) despite excellent in vitro binding.
In spite of its low in vivo uptake, it was still specific for
the tumor compared to its control Mab (LI = 1.5 Â±
0. 11). For cell line A375SM, the degree of Mab reactiv
ity in descending order was: NR-ML-05 >P94 >96.5
>CL207 >5. 1 (p < 0.001), whereas in vivo targeting of
Mabs was equivalent for NR-ML-05, P94, and 96.5
(4.0 Â±0.37, 4.8 Â±0.78, and 3.3 Â±0.39, respectively;
p > 0.05). For HS294t, binding of NR-ML-05 and P94
was significantly greater (p < 0.001) than binding of
each of the other three Mabs, a pattern which was also
observed in vivo. Ofthe three most reactive Mabs, NR

ML-05, P94, and 96.5, only NR-ML-05 had identical
localization to all three subcutaneous xenografts.

Since tumor size has been shown to influence Mab
targeting in previous studies (3â€”5),with smaller tumors
having a greater percentage ofMab uptake/g than larger
tumors, we compared uptake of individual Mabs in
tumors with respect to mean tumor size (Table 3).
Although there was a significant variation in mean Â±
s.e.m. size of tumors among the three different cell
lines, there was not a statistically significant inverse
correlation between mean %ID/g Mab in tumor and
this parameter (p > 0.05, ANOVA). This finding was
also observed in mice bearing both large (1.34 Â±0.24)
and small (0. 11 Â±0.03) subcutaneous A37SSM tumors
who received 1251-labeledNR-ML-05 (large = 3. 1 Â±
0.58%ID/g;small= 3.4Â±0.32%ID/g,p> 0.05).

Effect of Mab Dose on Tumor Uptake
While the binding of 96.5 to DX3 cells in vitro was

among the highest tested, the uptake of 96.5 by DX3
xenografts in vivo was among the lowest of the group
tested. To determine whether this finding was related
to dose of the Mab administered, 1 @gof each 125!..
labeled Mab was admixed with increasing concentra
tions of unlabeled Mab and injected into mice bearing
DX3 tumors. As shown in Table 4, increasing concen
trations of unlabeled Mabs had no effect on any of the
five radiolabeled Mabs' localization in tumors, except
for P94 where the %ID/g tumor for 5 @igMab (i.e., 1
@Lglabeled plus four unlabeled) or 10 1 @igMab (1 @g
labeled plus 100 @igunlabeled) was significantly greater
than that found for 1 @iglabeled Mab (p < 0.001).

Additional studies in mice bearing DX3 xenografts
demonstrated that NR-ML-05 had a slightly greater
localization in DX3 tumors at 24 hr (5.7 Â±l.9%ID/g)
compared to 72 hr (2.5 Â±0.26%ID/g; p < 0.01), similar
to what was observed for A37SSM xenografts. To study
whether the interval between injections of unlabeled
versus labeled antibody, as well as time of localization

T:B T:H T:L T:S T:Lv T:K T:l T:M

FIGURE1
Tumor-to-blood(T:B)and tumor:organ(T:O)ratiosof NR-ML
05 versus its subclass-matched control Mab NR-LU-10. Key:
T:H = tumor:heart; T:L = tumor:Iung;T:S = tumor:spleen;
T:LV = tumor:liver;T:K = tumor:kidney;T:l = tumor:stomach
and intestines;and T:M = tumor:muscle.Significantlyhigher
ratios (Â°p< 0.025; **p < 0.001) were noted for NR-ML-05
comparedto control. n = 10 mice/group.
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InVitroMab

A375SM Tumor size DX3Tumor sizeHS294TTumorsizeNR-ML-05

3682 Â±41T â€” 4287 Â±139â€”1879 Â±262â€”96.5
929Â±47 â€” 2914Â±204â€”1 005 Â±60â€”P94

2464Â±247 â€”2195Â±239â€”2413Â±199â€”CL207
505Â±59 â€” 335 Â±165â€”526 Â±217â€”5.1

22t â€” 412â€”1025â€”In

Vivo4.0

Â±0.37* 0.97Â±0.09k 2.5 Â±0.262.1 Â±0.213.4 Â±0.640.20 Â±0.064.8
Â±0.78 0.59Â±0.16 0.94Â±0.201.01 Â±0.251.7 Â±0.320.27 Â±0.063.3
Â±0.39 1.42 Â±0.25 2.0 Â±0.271 .5 Â±0.204.6 Â±0.590.37 Â±0.062.3
Â±0.33 0.65Â±0.11 6.5 Â±0.851 .2Â±0.212.2 Â±0.370.39 Â±0.052.2
Â±0.12 1.19 Â±0.09 2.6 Â±0.321.3 Â±0.282.8 Â±0.540.21 Â±0.05.

Data expressed as mean Â± s.e.m. cpm/1 0@ cells for threeexperiments.t

Mean of duplicateexperiments.S
Data expressed as mean Â±s.e.m. %lD/g (5â€”10mice/group).Â§

Mean Â±s.e.m. tumor size in grams for eachgroup.There
wassignificantvariationin sizebetweenthedifferenttumors(A375SMvs. DX3 vs. HS294t = p < 0.001 , ANOVA).

Mab Dose

Mab @Lgâ€¢ 5@g 100@tg

. In each case 1 @g of 125ll@@j Mab was administered alone

or admixedwith4 or 99 @zgof unlabeledMab.
t Values reflect mean Â± s.e.m. %lD/g. n = 5 mice/group.

* %lD/g significantly greater for 5 @gand 100 ,@gMab.

TABLE3
Comparison of InVitroBindingto InVivoLocalizationof Mabs at 72 Hours

(24 versus 72 hr) could influence tumor uptake, 4, 100,
250, or 500 @gof unlabeledNR-ML-05 wasinjected
into mice-bearing DX3 tumors 1 hr prior to injection
of 1 @gâ€˜251-labeledNR-ML-05. As shown in Figure 2,
targeting of â€˜251-labeledwas not affected following prein
jection of up to 250 @igunlabeled Mab. At 500 @zg,
however, there was a 50% decrease in %ID/g (1.4 Â±
0.09) compared to the other dose levels (p < 0.001;
ANOVA), indicating specific blocking of radiolabeled
Mab uptake by unlabeled Mab.

Localization in Subcutaneous Versus Visceral
Metastases

Table 5 compares tumor uptake of four Mabs in
subcutaneous tumors of both DX3 and A375SM cell
lines with tumor uptake in lung (A37SSM) and liver
metastases (DX3). The most significant findings were
that the %ID/g uptake of 96.5 and 5. 1 in lung tumors
was significantly greater than their respective localiza
tion in subcutaneous tumors. In contrast, 96.5, P94,
and 5. 1 localized to a significantly lesser extent in liver
metastases compared to subcutaneous tumors. NR
ML-05 localized in subcutaneous and visceral tumors
to a similar degree. Although the increased %ID/g of
96.5 and 5. 1 in lung tumors versus subcutaneous tu
mors correlated inversely with tumor size (p < 0.01),
there was not a similar correlation between localization
of the other Mabs and tumor size. There was no signif
icant difference (p > 0.05) in the T:B ratios for each
anti-melanoma Mab between subcutaneous and vis
ceral metastases with the exception of Mab 5. 1 (Table
5). Moreover, there was no significant difference in
localization of subclass-matched control Mabs between
subcutaneous and visceral sites with the exception of

15A8 (A375SM subcutaneous = 1.9 Â±0.15; A375SM
lung = 2.8 Â±0.65; DX3 subcutaneous = 2.5 Â±0.60;
DX3 liver = 6.9 Â±0.07; p < 0.005). Localization indices
for each Mab were greater than one in all instances
(range 1. 1 for Mab 5. 1 to 4.4 for Mab NR-ML-05).
Except for Mab 5. 1 (subcutaneous = 1.2 Â±0.07; liver
= 1.7 Â± 0. 14; p < 0.05), LIs did not vary significantly

between subcutaneous and metastatic models.

DISCUSSION

This study is a systematic evaluation of several host
parameters influencing Mab uptake in tumors using a
series ofanti-melanoma Mabs labeled with 1-125 by the
para-iodobenzoyl conjugate technique (11). The most
significant findings from this study were:

1. Mab reactivity varied significantly with respect to
in vitro versus in vivo binding, tumor type, and

TABLE4
Effect of Mab Mass on Tumor Localization (DX3) at 72

Hours

96.50.48 Â±O.l9@0.52 Â±0.160.75 Â±0.04P940.44
Â±0.162.2 Â±0.59k2.1 Â±0.28*CL2074.2
Â±0.976.5 Â±0.865.9 Â±0.435.12.2
Â±0.742.5 Â±0.491 .6 Â±0.09
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A375SMTumor

size
Mab s.c. (9) LungTumor1

size
(g)NR-ML-05

3.3 Â±0.52(1.7) 0.97Â±0.09 4.6 Â±0.40(1.3)0.17 Â±0.0296.5
2.8 Â±0.22(1.8) 0.60Â±0.16 &4@Â±2.2 (1.3)0.17 Â±0.03P94
3.3 Â±0.39(1.4) 1.4Â±0.25 3.6 Â±1.3(1.7)0.36 Â±0.105.1
2.0 Â±0.28 (0.34) 1.2 Â±0.09 4.34@Â±0.49 (0.28)0.23 Â±0.04DX3S.C.

Tumor sizeLiverTumor'(g)size

(g)2.5

Â±0.28(1.6) 2.1 Â±0.21 3.2 Â±0.86(2.2)1 .5 Â±0.241
.2 Â±0.28 (0.47) 1.9 Â±0.25 0.53' Â±0.09 (0.51)1 .0 Â±0.272.0

Â±0.26(0.47) 1.5 Â±0.20 o@55liÂ±0.09(0.23)0.74 Â±0.272.5
Â±0.49 (0.58) 1.3 Â±0.28 0.49liÂ±0.06 (0.33)@0.61 Â±0.12.

Numbers in parentheses represent T:B ratios for each model. n = 1 0mice/group.t

Significantly greater than s.c. model (p <0.01).S

Significantly less than s.c. model (p <0.05).li

Significantly less than s.c. model (p <0.01).I
Lung tumors significantly smaller than S.C. tumors; p <0.005...

Liver tumors smaller than S.C. tumors; p = 0.05.

I Tumor uptake of four Mabs (96.5, P94, CL207, and
5. 1) did not seem to vary greatly with respect to time
studied after injection. NR-ML-05, on the other hand,
had a greater tumor uptake at 24 hr. This finding was
consistent for both A375SM and DX3 xenografts,
which argues against differences in antigen expression
between cell lines as being a significant factor. The T:B

ratios for all five Mabs were not significantly different
at each time point, except for NR-ML-05 which had a
T:B ratio of 0.70 Â±0. 11 at 24 hr compared to 2.7 Â±
0.43 at 144 hr (p < 0.001). Collectively, these data
suggest that Mab binding and clearance were occurring
in the tumor at similar rates. A drop in uptake of NR
ML-05 between 24 and 72 hr could be the result of a
faster metabolism and clearance of this Mab (7). Pre
vious studies using Mabs labeled with 125!by the iodo
gen or chloramine-T method have demonstrated con
siderable dehalogenation in the first 24 hr, resulting in
an increase in T:B ratios secondary to a rapid disap
pearance ofradionuclide from blood (28). The constant
blood levels of radioactivity as well as the high ratios of
Mab in tumor with respect to stomach and intestines
(Fig. 1) indicate that iodination of Mabs by the PIB
method results in a more stable conjugate (11). These
data differ significantly from studies using indium-i 11
(I I â€˜In) as the radionuclide in which uptake of conjugates

in liver has resulted in tumor-to-liver ratios of 1.0 or
less due to sequestration and metabolism of@@ â€˜In-con
jugate (29,30). Furthermore, our observed results for

intact antibodies labeled by the paraiodobenzoyl con

I

â€” 0+1 4+1 100+1 250+1 500+1

Mab Dose(j.tg)
(unlabelled + labelled pulse)

FIGURE2
Tumor uptake of NR-ML-05 in subcutaneousxenografts of
DX3at24hr.Miceweregivenescalatingdosesofunlabeled
NR-ML-05(from 0 to 500 @g)followed 1 hr later by 1 @g125l
labeledNR-ML-05.A significantdecrease(Â°p< 0.001)in
tumor uptake of labeledNR-ML-05occurred following injec
tion of 500 @gunlabeled Mab compared to the other four
groups. n = 5 mice/group.

tumor site (i.e., subcutaneous tumors versus me
tastases)

2. Except for Mab P94, injection of increasing doses
of unlabeled Mab did not significantly enhance
tumor uptake oflabeled Mab.

3. In contrast to the other Mabs, NR-ML-05 target
ing was unaffected by the above parameters (tu
mor type, tumor site, or in vitro versus in vivo
binding).

TABLE5
Variability in Tumor Uptake: Subcutaneous (s.c.) Versus Liver or Lung Metastases
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jugate method had considerably lower T:B ratios (range
0.54â€”2.7) from those previously reported when the
similar meta-iodobenzoyl conjugate method (31) was
used (T:B = 10:1) or â€˜â€˜â€˜In-Mabsconjugated using the
mixed anhydride technique were used (30,32). How
ever, caution must be used when comparing results
from separate studies in which antibodies against dif
ferent tumor types and having differing affinities and
immunoreactivities were used. Indeed, valid compari
sons are likely to only be obtained in dual isotope
administrations in animals (or patients) to eliminate
the host of variables presented in differing studies.

A previous study using â€˜â€˜â€˜In-labeledMabs 96.5 and
ZMEO18, a Mab recognizing a different epitope of the
HMW melanoma antigen, has shown that binding of
the above Mabs to each of the three cell lines was not
predictive of in vivo localization (32). This has been
confirmed in studies using other Mabs in which this
variability was due either to alternation of cell lines in
culture (33) or modulation ofin vivo antigenicity (32).
Hence, the data presented confirms the above results
and suggests that differential in vitro reactivity and in
vivo tumor uptake do not appear to be dependent on
the isotope used to label Mabs.

Preclinical (34) as well as clinical trials (35,36) using
I I â€˜In-labeled Mabs have demonstrated that the addition

of increasing amounts of unlabeled Mabs prior to or
concomitant with a small amount of radiolabeled Mab
caused an increase in Mab targeting to tumor. Other
human trials have not demonstrated this effect (37,38).
In this study, increasing the amount of unlabeled Mab
up to 100 @Lghad little effect on tumor uptake of the
respective radiolabeled Mabs, except for P94 which
demonstrated improved tumor localization following
injection of 5 @gMab and above. These data suggest
that saturable clearance mechanisms might be depend
ent on physical characteristics of each Mab used and!
or the antigen which it recognizes. Mab-recognizing
antigens that are shed into the circulation (such as CEA)
have been shown to demonstrate this effect due to
immune complex formation and targeting to liver (39).
Whether the method oflabeling, antigen expression, or
isotope used plays a significant role in this phenomenon
is unclear, although preliminary data examining â€œIn
labeled 96.5 targeting to HS294t subcutaneous tumors
has shown tumor uptake to be dependent on dose (40).
In this study, in vivo data derived from injecting in
creasing amounts of unlabeled NR-ML-05 followed by
labeled NR-ML-05 demonstrated that the total antigen
pool was quite high since saturation occurred at a Mab
dose between 250 and 500 @*g.

A unique finding ofthis study was that tumor uptake
in subcutaneous xenografts differed from that in lung

and liver metastases for four of the five Mabs studied.
Previous studies by Fidler (27) have shown that the
biologic behavior of human tumors in nude mice is

influenced by their site ofimplantation and growth and
our study corroborates this. Other variables affecting
Mab localization include growth rate (41), vascularity
(6), and physical parameters, including the rate of Mab
diffusion into tissues (42) and Mab metabolism (8).
Although the mechanism(s) underlying our findings are
unknown, it is unlikely that differences in Mab metab
olism, or vascular permeability, played a significant role
because the T:B ratios did not differ between the sub
cutaneous and visceral models. This is in contrast to
previous studies using â€˜â€˜â€˜In-labeledMab 96.5 in which
T:B ratios were significantly different between subcu
taneous xenografts and liver metastases (8). The rea
son(s) for these findings most likely is due to differences
in liver metabolism of â€˜251-PIBlabeled Mabs versus
I I â€˜In-labeled Mabs (43). Whether site-dependent anti

gen modulation can account for differences in uptake
between subcutaneous and metastatic tumors is an
important issue (32). Additional experiments are being
designed to measure antigen expression of tumors in
different tissues.

NR-ML-05 showed the least variability among the
five Mabs tested with respect to in vivo binding to the
three cell lines, Mab dose, tumor site, or tumor size.
Studies in man have demonstrated that the 240 KD
high MW antigen is more homogeneously distributed
than other anti-melanoma Mabs when measured in
separate biopsies between patients as well as multiple
biopsies in the same individual (44). This parameter
may account for the favorable biodistribution and su
perior tumor imaging using Fab fragments of this Mab
(45) or a similar Mab recognizing the identical antigen
in man (46). The effect on tumor size on Mab uptake
depends on antigen expression (5), degree of tumor
necrosis (4), or method of Mab labeling (5). Our data
are compatible with those of others using â€˜25I-PIB
labeled Mab NR-ML-05 (Wilbur DS, unpublished
data), but differ from those of Hagan et al. (4) using
I I â€˜In-labeled antimelanoma Mabs. Part of the discrep

ancy between our study and others may relate to the
method of data analyses. For example, if tumor size in
an individual animal was correlated with the %ID/g in
tumor, a significant (p < 0.05) inverse correlation was
observed between 5. 1 and CL207 with cell line
A375SM, NR-ML-05 and CL207 with DX3, and NR
ML-05, 96.5 and CL207 with HS294t (data not shown).
Hence, corresponding with another report (5), the in
fluence oftumor size varied depending on the Mab and
cell line used.

In conclusion, the biodistribution of labeled anti
melanoma Mabs in human tumors grown in athymic
mice varied depending on tumor type, Mab dose, and
tumor site. Similar findings have been noted in clinical
trials (46,47). Hence, these data may serve as an mdi
cation of the complex mechanisms of Mab-based im
aging and therapy.
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O ver the past decade, consid
erable progress has been
made in the use of anti

tumor monoclonal antibodies for
targeting human tumors in vivo,
both for the purpose ofdiagnosis (1)
and for therapy, particularly of ra
diosensitive tumors such as lym
phoma (2, 3). In a brief summary
of the clinical aspects of this work,
it can be stated that â€œproofof prim
cipleâ€•has been achieved: namely,
that otherwise clinically occult tu
mors are detectable by these meth
ods (4, 5) and that durable remis
sions in chemotherapy-resistant hu
man tumors (lymphomas) (6) and
neuroblastoma (7) have been pro
duced. The use of Technetium
99m-labeled antibodies promises to
make diagnostic applications more
and more practical in the future (8).
The increasing availability of stem
cell stimulating factors and autolo
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alter uptake. The principal finding
of the paper is that tumor site can
influence in vivo tumor uptake, in
a manner that is dependent on the
antibody used. Four out of the five
antibodies used, showed altered up
take when melanoma tumors were
in the lung or liver site, in compar
ison to subcutaneous sites.

It is clear that certain biologic
features of tumors and characteris
tics of currently available anti-tu
mor antibodies may limit the
amount of uptake of the radiola
beled momoclonal antibodies (11-
31). Table i summarizes factors
that are known to influence the up
take of radiolabeled antibodies into
human tumor xenografts in animal
models. Some of these have been
confirmed in human tumors.

A review of Table 1 should con
vince even the most casual reader
that the localization of radiolabeled
monoclonal antibodies to human
cancers is a complicated process that
is influenced by diverse biologic and
technical features. Improved under
standing is important, however,

gous marrow rescue procedures
promises to be effective in reducing
marrow toxicity, which is the critical
organ for current radioimmuno
therapy regimens (9).

Thus, the reader is probably al
ready familiar with the use of mono
clonal antibodies (Mabs) for the
purpose of diagnosis and therapy of
human tumors. I would like to use
this occasion to discuss am addi
tional in-vivo use for radiolabeled
antibodies; namely, to characterize,
based on external imaging of radio
activity uptake, the biologic features
oftumors in terms ofthe expression
of specific antigens as markers for
known stages of cell differentiation,
or as structural components related
to specific functions of the tumor
cell.

In this issue of The Journal of
Nuclear Medicine (10), Murray et
ai. focus upon a component of the
multi-factorial problem of the
mechanisms of radiolabeled anti
body targeting to human xenograft
tumors in animal models by focus
ing on â€œhost-factors,â€•which may
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