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Abstract LL2 is an anti-CD22 pan-B-cell monoclonalwith residualized radiolabels. Tumor/organ ratios also were
antibody which, when radiolabeled, has a high sensitivitygher with residualizing labels. No significant differences
for detecting B-cell, non-Hodgkin's lymphoma (NHL), asn tumor, blood and organ uptake were observed between
well as an antitumor efficacy in therapeutic applicationsaurine and humanized LL2. The conventionally iodinated
The aim of this study was to determine whether intracellanti-CD20 antibody, 1F5, had tumor uptake values compa-
larly retained radiolabels have an advantage in the diagmable to those of iodinated LL2, the uptake of both anti-
sis and therapy of lymphoma with LL2. In vitro studiedbodies being strongly dependent on tumor size. These data
showed that iodinated LL2 is intracellularly catabolizedsuggest that, with internalizing antibodies such as LL2,
with a rapid release of the radioiodine from the cell. Itabeling with intracellularly retained isotopes has an ad-
contrast, residualizing radiolabels, such as radioactive mantage over released ones, which justifies further clinical
tals, are retained intracellularly for substantially longer. lmials with residualizing!lin-labeled LL2 for diagnosis,
vivo studies were performed using LL2-labeled with radiaand residualizing34 and 20Y labels for therapy.

iodine by a non-residualizing (chloramine-T) or a residua-

lizing method (dilactitol-tyramine, DLT), or with a radio-Key words B-cell non-Hodgkin’s lymphoma

active metal {4n). The biodistribution of a mixture o029 Radioimmunodetection Radioimmunotherapy
(non-residualizing chloramine-T compared to residualizingnti-CD22 monoclonal antibody Internalization-

DLT), 14n-labeled LL2 murine IgG2a or its fragmentsRadioactive metals Residualizing iodine label

[F(ab)., Fab], as well as its humanized, CDR-grafted

form, was studied in nude mice bearing the RL human

B-cell NHL cell line. Radiation doses were calculated from
the biodistribution data according to the Medical Interndntroduction

tional Radiation Dose scheme to assess the potential ad-

vantage for therapeutic applications. At all assay timeSince the fundamental work with polyclonal anti-(carci-
tumor uptake was higher with the residualizing labels (i.eapembryonic antigen) IgG in animal and human studies
111n and DLTZ2d) than with the non-residualizing iodine[15, 17], numerous antibodies against a variety of different
label. For example, tumor/blood ratios Bfin-labeled 1IgG antigens have been developed and tested in animal models
were 3.2-, 3.5- and 2.8-fold higher than for non-residualizand in clinical settings. Whereas, in solid tumors, the
ing iodinated 1gG on days 3, 7 and 14, respectively. Similguccess of radioimmunotherapy is still limited [7, 16], in
results were obtained for DLT-labeled 1gG and fragmenkgmphoma it is becoming a third mode of therapy in
addition to chemotherapy and external-beam radiation
[9-11, 18, 21, 22, 33, 34].
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lecular-mass metabolic products from the cell [14, 29]. fiitration column (300x 7.8 mm; BioRad Laboratories, Richmond,
contrast, it is well known that radioactive metals arg?lif.). and detected with an in-line radioactivity detector (Beckman,

. . vine, Calif.). No aggregates were detectable, and the amount of
retalned intracellularly [12, 13, 27, 32, 35, 45]. Hence, ggbound radioisotope was less than 5% in each preparation. Immunor-
is to be expected that such metals, or other forms

ctivity of the labeled LL2 IgG or fragments was evaluated by

intracellularly retained radiolabels, possess an advantageling to an immunoadsorbent containing an anti-idiotype antibody
over non-residualizing released ones (e.g., a conventiofldll 271, L3 B e ining assay: Radiolabelod
IOd”.]e Iat_)e_l) in diagnosis, 6.15. W(.a” as in therapy with LL%LZ binding to this immunoyadsorbent for thesegstudiez was between
Residualizing forms of radioiodine also have been develso, _ g5

oped and introduced into preclinical animal models [36,

45]. Thus, the aim of this study was to determine whether

residualizing forms of radiolabels may have advantagegnphoma cell line

over released forms in the targeting and therapy of B-Ceﬂilt cells were a generous gift from Dr. John Gribben, Dana-Farber

non—Hodgkln S Iymphoma with the anti-CD22 LL2 _m ,aCancer Institute (Boston, Mass.). Cells were tested for reactivity with

nude-mouse-human-B-cell xenograft model. These findingified antibodies using an indirect immunofluorescent assay. Briefly,

were presented previously in part in abstract form [5, 41\vashed cells (10Qul; 5 x 105 cells/ml) were mixed with 25ul
antibody at 10ug/ml and incubated at 4C/30 min. The cells were
then washed with buffer followed by incubation with 1QDfluores-
cein-conjugated goat anti-(mouse 1gG). Analysis by flow cytometry
showed a 32.1% reactivity with LL2 anti-CD22, and an 80.9%
reactivity with the anti-CD20 mAb, 1F5.

Materials and methods

Antibodies Animal model and biodistribution studies

LL2 (or Immu-LL2, originally named EPB-2), is a murine 19G2astudies were performed in 4- to 6-week-old female nu/nu mice
mOﬂOClona! antibody that reacts with the CD22 antlgen_of B cells amjrchased from Harlan (Hsd: athymic nude-nu; Indianapolis, Ind.) or
non-Hodgkin's B-cell lymphoma [30, 44]. Intact IgG was isolated fromrom Taconic [Tac:Cr:(NCr)-nufBR; Germantown, N.Y.]. Since pre-
ascites-grown hybridoma cells. Its F(abfragment was prepared by vious studies had indicated that these strains of nude mice were
pepsin digestion separation from undigested 1gG by protein A aBgsceptible to a wide variability in blood clearance of intact murine
exhaustive ultrafiltration. The Fabfragment was prepared from gG2a (i.e., but not with fragments), with altered enhanced spleen and
F(ab)2 by dithiothreitol reduction, followed by iodoacetamide blOCk'ﬁver accretion [40], each of these animals received a total of &0
ing and purification by gel filtration. The development and charactefimlabeled irrelevant murine IgG@a(UPC-10; Sigma Immuno-
istics of the humanized form of LL2 (hLL2) were described recentlyhemicaL St. Louis, Mo.) added to the labeled antibody to reduce
[24]. Humanized LL2 was shown to bind to Raji cells with anhjs effect. Humanized LL2 IgG1 also had an altered biodistribution in
equivalent afffinity to murine LL2. The anti-CD20 monoclonal antithese strains of nude mice when compared to murine IgG1, but not as
body, 1F5, was obtained from the American Type Culture Collectiafevere as that of murine IgG2a. It was subsequently discovered that, in
(ATCC). . ) ~ the Swiss nude mice strain (Tac:N:NIHS-nufDF, Taconic), the radi-
All final reagents were analyzed for purity by size-exclusion higtplabeled murine LL2 IgG2a and humanized LL2 IgG1 had similar
pressure liquid chromatography (HPLC) and sodium dodecyl sulfalibod clearance and only a slightly enhanced splenic uptake in
polyacrylamide gel electrophoresis under reducing and non-reducimparison to murine IgG1. Therefore, this strain did not require
conditions. excess murine 1gG2a to normalize the blood clearance and splenic and
hepatic uptake. Furthermore, studies in the Swiss nude mice, bearing
0.5-5.0 g RL tumor xenografts, also demonstrated a similar biodis-
Isotopes and radiolabeling procedures tribution and tumor uptake between a protein dose p§2nd 200ug
radioiodinated murine LL2 IgG (data not shown). Thus, the minor
lodine-125 was purchased as sodium iodide inuMd NaOH, iodine- difference between the protein dose administered for the various
131 in 0.1 M NaOH, and indium-111 a84InClz in 0.05 M HCI from radiolabeled products tested in these studies (e.pg &nd 9ug, see
NEN DuPont (N. Billerica, Mass.). Radioiodination to a specifibelow) was not considered a significant factor contributing to the
activity of 10—-14 mCi/mg was performed with Ba or Na!3l, outcome of these studies.
using a minor modification of the chloramine-T or iodogen method Animals were injected subcutaneously with approximateby 107
described previously [47]. This modification substituted sodium phosells in a 200! cell culture suspension. Tumor growth became visible
phate buffer for borate buffer in the labeling procedure. Antibodiexfter about 4—6 weeks in only about 40%—60% of the animals. Once
labeled by these methods are referred to as non-residualizing ctumors became visible, some would grow at a very rapid rate (e.g.,
jugates. from approximately 100 mg to more than 2 g within 7—10 days),
For indium labeling, isothiocyanate benzyldiethylenetriaminewhereas in other animals growth was minimal. Targeting studies were
pentaacetic acid (SCN-Bz-DTPA) conjugates of LL2 IgG, Ffahnd initiated when suffcient numbers of animals had visible tumor growth.
Falbb were prepared as described previously [4, 19, 39]. Labelifighus, tumor sizes were highly variable in all of these studies, with a
conditions were established that permitted more than 953%6- majority of tumors in excess of 0.5 g. The average tumor sizes are
incorporation, thereby eliminating the need for further purificatiorgiven in the tables and figure legends for each study. Targeting studies
However, excess DTPA was added at the end of the 1-h incubatiware initiated when there were suffcient numbers of animals to include
period to scavenge any unbound radioactive metal. The final spec#ianinimum of three animals per assay time, but more often a total of
activity for 11Yn-labeled antibodies was approximately 5 mCi/mgfour or five animals were studied at each interval.
Labeling with iodinated dilactitoltyramine (DLT) was described pre- Radiolabeled antibodies were injected intravenously into the tail
viously [45]. The specific activity of the radioiodinated antibodiesein. A total of approximately 8—20g radiolabeled antibody protein
prepared by the DLT method was 1-2 mCi/mg. Antibodies labeled lfiye., 5—10 uCi 129; 25-90 pCi 14n) was injected per animal.
any one of these methods are referred to as residualizing conjugatdsimals were co-injected with a mixture of eithé#s- and 1in-
All labeled antibodies were administered within 3 h of theitabeled ort28-DLT- and 134-chloramine-T- or iodogen-labeled mAb.
preparation. The quality of each preparation was tested by inst&dindows were set for each radionuclide, and the backscatter of the
thin-layer chromatography and HPLC on a Bio-Sil SEC-250 géHin- or 134-window in thel2d window was corrected. The mice were
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localization index is defined as (%ID/g tumor residualizing/% ID/g
blood residualizing)/(% ID/g tumor non-residualizing/% ID/g blood
non-residualizing). The localization index normalizes the localization
ratio for differences in the percentage of the residualizing versus non-
residualizing radiolabeled antibody in the blood. The number of
animals for each study is presented in the tables and figure legends.
Comparisons of the residualizing and non-residualizing radiolabels
were made by a two-tailed, pairdgetest (95% confidence interval),
since the two radiolabels were co-administered.
The radiation doses to the tissues were calculated as self-to-self
doses from the biodistribution data according to the Medical Internal
Radiation Dose scheme, modified to a mouse model, as published
supernatant B previously [39]. Absorbed doses projected $Y-LL2 were based on
111n-labeled LL2 biodistribution data, whereas absorbed dos&§er
LL2 were based on eithé2d- or 134-LL2 data.

80

Percent of initial bound cpm
o

Results

Use of residualizing labels of LL2 in vitro

We demonstrated previously that LL2 is internalized [42].
Hours of incubation In contrast to antibodies that are radioiodinated by conven-

Fig. 1A, B The evaluation of the processing@f-labeled LL2 (anti- tional means (i.e., non-residualizing), residualizing radlo_la—

CD22) by RL B-cell ymphoma cells in vitro was carried out according€!S: Such as DLT, are lysosomally trapped after catabolism

to Hanna et al. [18]. Briefly, the antibody was labeled with eithe®f the antibody to which they were originally conjugated,

dilactitol-tyramine (DLT; O, A, [J) or by conventional chloramine-T and thus should be retained in cells longer than when the

iodination (@, A, H). After an initial 2-h incubation at 37C, c{;é)Tn—residualizing method is used. Figure 1 shows the in
|

unbaund Q?ﬁewt?&\r,\v;snh]idb?X/Vaiyfiﬂgwggetg;egze?ﬁh?%rgyg A Vftro antibody retention results obtained with iodinated-

Retention of the radioactivity by the cells; B radioactivity released int@LT-LL2 in comparison to a conventional iodine radiolabel

the supernatant eithe intacf]( W, ) or degraded £, A). Mean- in the RL cell line. As expected, the DLT-LL2 was retained

s*standard deviations of triplicates are shown. The DLT LL2 waguch longer by the RL cells, with a slow release of

retglned by the cells much longer than the convgntlonal iodine labl‘é'atabolic products. Similar results were obtained with

which was degraded and excreted relatively rapidly . " .
other B-cell lymphoma cell lines, namely Raji, Daudi,
and Ramos [20], and withi4yn-DTPA-LL2 (data not

necropsied at 4 h, 1, 3, and 7 days for Ffaland additionally at 14 shown).

days for IgG. Fabwas studied at 1, 4, and 24 h. At the prescribed

times, animals were anesthetized with sodium pentobarbital and then

bled by cardiac puncture. After cervical dislocation, the animals were

dissected. The amount of activity in the tumors and tissues (livdjodistribution of iodinated and radioactive metal-linked

spleen, kidney, lung, and blood) was determined by gamma scintiligryrine LL2

tion counting, using an injection standard to account for physical decay

to calculate the percentage of the injected dose per gram (%1D/g) apd .

tumor/nontumor ratios. The localization ratio was defined as tﬁ@_"’o_ separate studies were performed to compare the

%ID/g tumor of the residualizing radiolabeled antibody divided bpiodistribution of non-residualizing!2d-LL2 IgG and

the %ID/g of the non-residualizing antibody in the tumor. Thelln-|gG. In each studyi25- and11Un-labeled LL2 murine

Table 1 Comparison of128- and 14n-labeled murine LL2 1gG2a separate studies are shown here. Values in parentheses are the numbers
targeting in nude mice bearing RL human B-cell ymphoma xenograftsf. animals. Tumor weights (g) were 3.38.44 (range 1.3-4.5),
Taconic NIHS mice were injected with a mixture of 1Ci 129- (1 pg) 2.10+2.45 (range 0.04-6.3), 2.1#13.06 (range 0.20-10.1),

and 40uCi (9 pg) Yin-labeled antibody containing an additionall.24+1.16 (range 0.2—3.7), and 3.8&.74 (range 0.25-8.6) at the
200ug irrelevant murine IgG2a, UPC-10. The data combined from twespective times shown beloNS not significant

Time after injection  Localization ratio Localization index

1Yn-LL2 1gG/129-LL2 IgG pa 1n-LL2 1gG/129-LL2 1gG Pb
4 e 1.2+0.2 NS (4) 1.10.2 NS
1 day 1.9+0.6 0.03 (5) 1.#05 NS
3 days 3415 0.001 (10) 3.613 <0.001
7 days 4.31.0 0.006 (10) 3.50.7 0.001
14 days 4421 0.001 (15) 3.&15 0.002

a Comparison of percentage of the injected dose (% ID)/g ofttHe-LL2 to 129-LL2 in the tumor
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IgG2a (approximately 1.0g and 9.0ug, respectively) were Fig. 2 Percentages of injected dose per gram of turnppér panels
co-injected into RL-xenograft-bearing Taconic NIHS nudand tumor/blood ratios I¢wer panely are shown for the paired

. . . - servations witl1lin-labeled @) and non-residualizing?9-labeled
mice together with 0.2 mg irrelevant murine IgG2a p ) murine LL2 1gG in nude mice bearing RL B-cell lymphoma

animal. Although a higher percentage of thef injected dogghografts on days 3, 7, and 14. The scales for the various graphs differ
per gram of tumor was seen in the first experiment, because

of the smaller sized tumors in this study (see below), no
significant difference was observed between the LI and L$dmewhat higher (approximately 1.2- to 2.0-fold) for the
these 2 studies, and thus these data were combindékh-labeled LL2 IgG. Despite higher liver accretion for
(Table 1). Figure 2 summarizes the individual pairedin-LL2 IgG, on days 3 and 7 the enhanced uptake of
observations for the percentage of the injected dose p&in-LL2 IgG in the tumor produced significantly higher
gram of tumor and tumor/blood ratios for each of thaumor/liver ratios (1.8:0.6 versus 1.10.4 on day 3 and
radiolabels on days 3, 7 and 14. 3.2+0.8 versus 1.40.5 on day 7 for thellin-LL2 I1gG

At 4 h after injection, there was no significant differenceersus thé28-LL2 IgG, respectivelyP < 0.05 for each). At
between the tumor uptake of the non-residualizing amdl other assays times, the tumor/liver ratios for the two
residualizing labeled LL2 (i.e., the localization ratio), butadiolabels were not significantly different; however, by
thereafter the accretion of the residualizing LL2 in thday 14, the average tumor/liver ratio for th&l-LL2 had
tumor was significantly higher than that of the non-resexceeded that fotllin-LL2 IgG, albeit not significantly
dualizing LL2 (Table 1). An inverse relationship betwee(B8.1+0.8 versus 2.5 1.3, P = 0.494).
tumor uptake and mass was defined that was more pro-The calculated radiation doses to the larger tumors were
nounced with thellln-labeled LL2 (Fig. 2). A similar between two- and fivefold lower than those obtained with
relationship between tumor mass and tumor/blood ratiioe smaller tumors. On the basis of the biodistribution of
was seen on days 3 and 7, but by day 14, this relationslii 114n-LL2 IgG, radiation absorbed doses predicted that,
was not well-defined. Neither the localization ratio nor th# 9Y-labeled LL2 were used, it would have a two- to
localization index was significantly influenced by tumoB.5-fold advantage over the non-residualizing iodinated
size. No significant difference was found in the rate dbrm with respect to the tumor/blood radiation absorbed
blood clearance for th&s- or 114n-LL2, but %ID/g blood dose ratios. The tumor/liver ratios were comparable be-
was influenced by tumor size (i.e., the larger the tumor sizgyeen the two isotopes in animals with large tumors, but
the lower the blood concentration). As expected, the p&:2-fold higher for 2Y in animals with small tumors,
centage of the injected dose in the liver and spleen wascause of higher antibody uptake in smaller tumors.
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Table 2 Comparison o#24- and11lin-labeled murine LL2 F(aBz and parentheses are the numbers of animals. Tumor weight (g) for the
Fab targeting in nude mice bearing RL human B-cell lymphom&(ab). study was 2.923.57 (0.43-8.2), 0.780.62 (0.41-0.62),
xenografts. NIHS nude mice were injected with a mixture ofy@ 0.37+0.30 (0.03-0.67), and 0.500.35 (0.2—1.0); for the Félstudy,

128- (2.5 pg) and 60uCi (12 pg) 1Un-labeled F(ab2, or a mixture of 0.80+0.39 (0.4-1.3), 0.860.39 (0.4-1.4), and 1.181.42

15 pCi (1.5 pg) 129-Fab with 40 pCi (8 pg) tUn-Fab. Values in  (0.3—3.64) at the respective times shown belb8.not significant

Time after injection Localization ratio Localization index
UYn-LL2/129-LL2 Pa 1Yn-LL2/129-LL2 Pb
F(ab)2
4 hours 0.9:0.1 NS (4) 0.9+0.1 NS
1 day 1.8:0.2 0.002 (4) 1.30.1 0.008
3 days 4413 0.003 (4) 1.80.6 0.050
7 days 4.0:1.6 0.017 (4) 4620 0.017
Fal
1 hour 1.6:0.1 0.002 (3) 0.7-0.05 0.002
4 hours 2101 <0.001 (6) 1.1-0.04 0.006
1 day 6.6-0.7 0.008 (5) 2904 0.001

a Comparison of %1D/g of thélln-LL2 to 129-LL2 in the tumor
b Comparison of tumor/blood ratio étin-LL2 to that obtained with25-LL2

Biodistribution of iodinated and radioactive metal-linked but this advantage was overshadowed by renal doses of
murine LL2 fragments over 150 times that of34-Faly.

At comparable tumor sizes, the %ID/g uptake in the tumor
was lower with F(abh2 and Fab fragments than with 1gG Residualizing forms of iodine (DLT)
and, consistent with the earlier findings, the %I1D/g in the
tumors was higher for radioactive-metal-labeled Fab Although proteins that are directly radioiodinated by con-
and Fab than for the respective conventionally iodinatedentional means (e.g., chloramine-T or iodogen) will yield
conjugates (Table 2)114n-LL2 Fab fragments had a products that, upon catabolism, will release iodotyrosine,
similar tumor, liver, and spleen uptake to that of theadioiodination can be performed with derivatives that
bivalent fragments over the 1 day this was tested. Howevesmain internalized even after catabolism. We have
Fab was cleared from the blood more quickly, resulting ishown that DLT-conjugated iodine, when coupled to anti-
a tumor/blood ratio of 6.6 1.6 within 1 day, whereas thebodies, produces residualizing iodinated products [45].
tumor/blood ratio for thélln-LL2 F(ab’)2 took 3 days to lodinated DLT conjugates of LL2 IgG were therefore also
reach this same level (i.e., 6t11.3). The tumor/blood ratio tested. Except for the slightly faster blood clearance of the
for the 129-LL2 Fab’ on day 1 was only 2.# 1.0 and for 128-DLT-LL2 than the131-LL2 over the first 3 days, most
the 129-LL2 F(ab’). was 3.5£0.6 on day 3, giving the of the other normal tissues had an identical concentration of
11Yn-labeled fragments an approximately 2- to 3-foléach radiolabel (data not shown). Figure 3 shows the
higher tumor/blood ratio compared the non-residualizirigID/g in the tumor and tumor/blood ratios for the two
129-LL2 fragments at these times (LLI, Table 2). radiolabels. The percentage uptake in the tumor for the

Although tumor uptake favorettlin-labeled fragments, DLT-LL2 was similar to that observed for thEin-LL2
the significantly higher uptake in the other normal organigG, and followed a similar inverse relationship according
yielded more favorable tumor/nontumor ratios for the noe tumor size. At all assay times, significantly higher
residualizing 129-LL2 fragments. This was most pro-localization and indices were seen for LL2 labeled by the
nounced for the kidney uptake, whet&lin-LL2 F(alb')z residualizing DLT-LL2 IgG (Table 3). Dosimetry from
and Fab 1 day after injection was 2924.5 and these biodistribution studies revealed a 3.5-fold higher
72.4+8.3 %ID/g, respectively, which was nearly 7Q@ose delivered to the tumor for thB4-DLT-LL2 IgG
times higher than the tumor/nontumor ratios of the radigoempared to non-residualizif§i-LL2 1gG. Tumor/blood
iodinated fragments. Indeed, tumor/kidney ratios for trebsorbed dose ratios favored the DLT by 5:1.
1n-labeled fragments never exceeded 0.5:1, whereas
tumor/kidney ratios for the non-residualizing iodinated
fragments was above 1.0 within 1 day. Liver uptake for
the 11ln-labeled fragments also resulted in 4- to 10-timeResidualizing versus released radiolabels of humanized
higher tumor/liver ratios for thé29-labeled fragments. LL2 1gG

Radiation dose estimates from tHén-LL2 biodistribu-
tion predicted tha®dY-LL2 F(ab"). would deliver 4.6-fold Figure 4 shows the results of a paired-radiolabel biodistri-
higher doses/mCi than thésl-LL2 F(ab’)z, but when bution study of non-residualizings-hLL2 and 13Y4-DLT-
corrected for blood doses, only a 1.3-fold dose advantalgel 2, as well as a separate study usign-labeled hLL2.
was achieved.9Y-LL2 Fab’ was predicted to have aThe humanized and murine forms of LL2 IgG had similar
2.1-fold tumor/blood dose advantage ovéH-LL2 Fab’, biodistribution properties and tumor uptake. Thus, the same
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[ | w rv in h of th ies. In th i e) and tumor/blood ratiosldgwer pane) are shown for the paired
abel was observed both of these studies the pa servations with residualizings-DLT-labeled @) and non-residua-

ana.llySis.’ _tumor uptake was significatly higher ,With, th‘%zing 13Y-labeled murine LL2 IgG [0) in nude mice bearing RL B-
residualizing13)-DLT-hLL2 than with the non-residualiz- cell lymphoma xenografts on days 1, 3, and 7. The scales for the

ing hLL2 (Table 3). As shown in Fig. 4, the uptakevarious graphs differ.

(% 1D/g)and tumor/blood ratios for th#lin-labeled hLL2

were similar to those achieved by the DLT-hLL2 within the

same range of tumor sizes. However, because of the widemparison of the anti-CD20 antibody 1F5 and

range of tumor sizes and small number of samples,aati-CD22 LL2

statistical comparison of th&lin-hLL2 to the two other

radioiodinated hLL2 agents was not performed. A paired-radiolabel study was performed to compare the

The dosimetry for the humanized LL2 compared favotargeting of an anti-CD20 antibody to that of LL2 (anti-

ably to that of the murine form of LL2, and a similarCD-22). By flow cytometry, the RL cells expressed more

advantage of the residualizing label was observed. FoD20 than CD22, so better targeting with the CD20

example, in comparison to the non-residualizingntibody seemed possible. However, 1F5, which is report-

13Y-hLL2, the radiation dose to the tumor was 3.3- anddly a non-internalizing antibody [31], had similar tumor

4.7-fold higher for the!34-DLT-hLL2 and 90Y-hLL2, re- uptake to that seen with non-residualizit¥§-LL2 (Fig. 5).

spectively. Compared to non-residualizidgi-hLL2, the Flow-cytometry studies were performed on cells used to

tumor/blood absorbed dose ratio was 3.6- and 2.3-faltiplant these tumors, as well as on a cell suspension

higher for thel3U-DLT-hLL2 and 90Y-hLL2, respectively. prepared from 1- to 2.5-g tumors (6—8 weeks of tumor
growth). There was no difference in the expression of either
CD20 or CD22 in the cells taken from tissue culture or the
xenograft. Histological examination of the lymphoma xe-
nografts revealed relatively poor vascularization and a high
degree of necrosis. Thus, physiological factors, in accor-
dance with the observed strong dependence of tumor uptake
upon tumor size, may affect the cells accessibility to the
antibody.
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Fig. 4 Percentage of the injected dose per gram of tumgpér
panely and tumor/blood ratioddqwer panel} are shown for the paired
observations with residualizingln-labeled ¢k), 134-DLT-labeled
(M), and non-residualizing?9-labeled humanized LL2 IgG[{]) in
nude mice bearing RL, B-cell lymphoma xenografts on days 3, 7, and
14. Animals were co-injected with th8U-DLT-hLL2 and 129-hLL2,
whereas thellln-labeled hLL2 was injected in a separate group of
NIHS animals. These animals received 40i (9 ug) 14n-diethylene-
trianinepentaacetate-hLL2 IgG without any additional unlabeled 1gG.

Fig. 5 Biodistribution of non-residualizing, radioiodinated murindéhe scales for the various graphs differ. Refer to Table 3 for further
LL2 (anti-CD22) compared to 1F5 (anti-CD20) in RL-bearing nudietails

mice (tumor sizes: 0.480.18 g, 1.79£1.05 g, 0.24£0.12 g, and

0.38+0.11 g at 1, 3, 7, and 14 days respectively)
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Discussion

Radioimmunotherapy of hematological malignancies, espe-
cially B-cell, non-Hodgkin's lymphoma, appears to be a
potentially new treatment modality [10, 16, 34]. Until now,
131 conjugates of pan-B-cell antibodies (anti-CD20, anti-
CD37, etc.) have mostly been used for this purpose [34].
Our group has been studying an anti-CD22 antibody, LL2.
Using this mADb, high sensitivities in the detection of B-cell,
NHL have been reported, such as winTc-labeled Fab
fragments of LL2 [1, 2, 8, 28]. In addition, partial and
complete remissions in the treatment wisi-LL2 IgG and

its F(abd)2 fragment have been reported [18, 21]. Shih et al.
[42] first showed the rapid internalization of LL2 after it
had bound to the CD22 molecule on the cell membrane,
with subsequent metabolic degradation and release of low-
molecular-mass compounds (most likely monoiodotyrosine
according to Geissler et al. [14]). Other studies have
reported the potential advantage of using residualizing
radiolabels with antibodies that internalize [20, 35, 36,
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Table 3 Comparison of residualizing2d-dilactitol-tyramine(DLT)- and 3.18t1.52 (1.8—4.8) at their respective times. For the humanized
labeled to non-residualizing?y-labeled murine and humanized LL2 LL2, NIHS mice were injected with a mixture of 30Ci (21 pug) 131-

IgG targeting in nude mice bearing RL human B-cell lymphomBLT-hLL2 IgG and 10uCi (1 pg) 129-hLL2 IgG without additional
xenografts. Harlan mice were injected with a mixture of @ 129- 1gG. Tumor weights (g) were 1.361.24 (0.09-3.0), 1.091-0.86
DLT-murine LL2 (1 pg) and 25uCi (2 pg) 134-labeled murine LL2 (0.2-2.1), 0.8%+0.14 (0.7-1.0), 1.541.66 (0.08-3.5), 6.46.1
containing an additional 20Qlg irrelevant murine 1gG2a, UPC-10. (0.4—-13.6) at the respective times. Numbers of animals shown in
Tumor weights (g) were 0.940.31 (0.6—-1.4), 1.221.07 (0.4-3.0), parentheses

Time after injection Localization ratio Localization index
I-DLT-LL2 1gG/I-LL2 IgG pa [-DLT-LL2 IgG/I-LL2 IgG PP
Murine
1 day 1.3£0.05 <0.001 (5) 1.8£0.1 0.007
3 days 2404 0.022 (5) 3.80.5 0.016
7 days 6.3:0.9 0.001 (3) 4.405 0.019
Humanized
4 h 1.1+0.06 0.037 (4) 1.£0.05 0.03
1 day 1.6:0.2 0.025 (4) 1.20.2 0.023
3 days 2.8£0.2 0.043 (4) 3.30.3 0.047
7 days 4.4£0.3 0.032 (3) 4.80.2 0.012
14 days 5814 0.032 (4) 5.60.7 0.005

a Comparison of %1D/g of the I-DLT-LL2 to I-LL2 in the tumor
b Comparison of tumor/blood ratio of I-DLT-LL2 to that same ratio obtained with |-LL2

45]. Although most of this evidence has been obtained fiasults that have suggested similar biodistribution and
vitro, recent in vivo studies by Stein et al. [45] and Reigtmor targeting with conventionally radioiodinated huma-
et al. [36] have shown that residualizing radiolabels have aized LL2 in comparison to the murine LL2 [21]. Thus,
advantage over non-residualizing ones for internalizirgdinical trials with 111n/9%0Y-labeled hLL2 are in progress
antibodies. Therefore, the major purpose of these studibat include imaging studies to compare the dosimetry for
was to determine whether a similar advantage could B8l- and®Y-hLL2 IgG (usingtdn-hLL2 as a surrogate for
achieved with LL2 in human lymphoma xenografts growgoY-hLL2).
ing in nude mice. The most favorable dosimetric results were observed for
Our in vivo study establishes an advantage of radioa@+esidualizing form of radioiodine (DLT), where a fivefold
tive metals, as well as of residualizing forms of the iodinkigher tumor/blood radiation dose was found for the whole
label (such as DLT), in the RL subcutaneous lymphomgG. This is probably due to a combination of long
model, when compared to conventionally (non-residualiretention of the DLT in the tumor tissue, a comparably
ing, iodogen or chloramine-T) iodinated LL2. Significantlyfast clearance of the radiolabel from other tissues, and a
higher tumor uptake for the residualizing radiolabels wadsng physical half-life of3l. Unfortunately, the labeling
detected as early as 1 day after injection of radiolabeledfficiencies of DLT (<10%) are not yet suitable for a
IgG, but it was more pronounced by day 3. Félagments larger-scale clinical application [45].
showed an advantage as early as 1 h after injection and, byAlthough residualizing conjugates may optimize tumor
24 h, the localization ratio for the residualizing Fakas accretion for an internalizing antibody, careful considera-
comparable to the IgG obtained within 3 days. Although the®n must also be given to the biodistribution of the
percentage injected dose per gram was inversely relateccomjugates in normal tissues to determine the optimal
tumor size, the localization ratio and index were not sizeonjugate. In this model system, most tumor/nontumor
dependent. Thus, tumors from as small as 0.03 g to as larggos were consistently higher with the residualizing con-
as 5-14 g showed similar differences in the percentapggate. However, there were some instances where tumor/
uptake of the residualizing and non-residualizing radiol@ontumor ratios for the residualizing conjugate were not
bels. Owing to the dependence of the percentage uptakéigher than for the non-residualizing conjugate. For exam-
the tumor on size, the radiation doses absorbed were 3pte, the tumor/liver absorbed dose ratio in animals with
8-fold higher with9Y than with the non-residualizinggd large RL xenografts was similar féfY- and 134-LL2 IgG.
label. This enhanced retention of tumor uptake for th@wing to very high renal uptake, the tumor/kidney ratio
residualizing radiolabels resulted in an overall average whs substantially higher for th&l-LL2 Fab’ than with
2- to 3.5-fold higher absorbed dose to the tumor compare®-LL2 Fab'. Although methodology has been developed
to the blood, strongly suggesting that improved therapeut@ reduce renal accretion of antibody fragments radiola-
benefit may be obtained when usifgy-LL2 over con- beled with residualizing radioactive metals [4], it is un-
ventionally radioiodinated LL2. No major differences wereertain whether it will be sufficient to provide greater
found between the murine and the humanized, CDR-graftegportunity for using radioactive-metal-labeled antibody
form of LL2, with respect to tumor targeting and tissuéragments therapeutically [3, 6]. Since the degree to
distribution. This is consistent with preliminary clinicalwhich a residualizing conjugate will optimize tumor accre-
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tion will vary according to how far the physiology of the3-fold advantage over released ones. This suggests the use
tumor allows adequate access to the individual tumor celtd, radioactive metals (indium or technetium) for radio-
the rate of internalization and fate of the radiolabel aftémmunodetection, and either yttrium or other residualizing
intracellular catabolism, and the specificity of the antibodgbels for therapeutic applications. The targeting capability
and stability of the conjugate, which will affect tumor anaf anti-CD20 and anti-CD22 monoclonal antibodies was
normal tissue uptake, it is not certain that a residualizirggmilar, at least in the lymphoma model investigated.
conjugate will be the optimal radiolabel for all modeBtudies comparing the targeting and dosimetry of indium-
systems where the antibody is known to internalize. labeled with results for iodinated humanized LL2 in pa-

Unlike in vitro studies, where a detailed analysis of thients, as well as a comparison of the therapeutic efficacy of
fate of antibodies bound to tumor cell surfaces can B&y- and13l-labeled hLL2, are in progress.
examined readily, an identical analysis is more difficult in
vivo. Thus, the in vivo finding of a higher tumor accretiorf\cknowledgements The expert technical assistance of R. Aninipot is
than with a non-residualizing conjugate is not in itself dire@ratemlly acknowledged. Furthermore, we thank M. Przybylowski, D.

. : . arga and P. Andrews for preparations of the antibodies, radiolabeling,

_prO,Of that ,the,meChamsm re_Spor]S'b,le _for this Phenom,e”.% quality control, and S. Chen for tissue-culture assistance. We are
is internalization of the antibody within the tumor, withaiso grateful for the expertise of K. Sides for preparation of the his-
retention of the radiolabel. Several reports have describietbgical specimens. We are indebted to Dr. Susan Thorpe, University
higher tumor uptake with radioactive-metal-labeled antpf South Carolina, for providing DLT.
body conjugates than with iodinated antibody [31, 46].
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