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Abstract At our laboratory we are currently evaluating themAb and mmAb biodistribution in all mice. Moreover, the
suitability of mouse/human chimeric monoclonal antibodsiodistribution of the F(af). fragment of an IgG1l cmAb
ies (cmAb) for use in radioimmunotherapy of patients wittvas similar for all mice in contrast to that of coinjected
head and neck squamous cell carcinoma (HNSCC). Wole IgG. On the basis of these results it can be hypothe-
have developed cmAb containing the human constant IgGized that, in mice with low endogenous IgG titres, cmAb
domain and the variable domains of murine mAb (mmAbyith specific isotypes are rapidly removed from the blood
E48 and U36 respectively. We considered the tumouand ultimately from the body) by mediation of Fc-binding
bearing nude mouse to be a well-validated model forraceptors. Apparently, in mice with high endogenous 1gG
first testing of the targeting capabilities of these cmAb ititres or in mice receiving a high cmAb dose, these
comparison with the mmAb. Therefore, |81 cmAb E48 receptors are saturated. Furthermore, the rapid elimination
(labelled with12%) and 3ug mmAb E48 (labelled with31) of cmAb from nude mice, which may occur after injection
were simultaneously injected into HNSCC-bearing nuds a low dose, is a phenomenon related to the nude mouse
mice and, at various assay times, mAb uptake in blood anbdel.

other tissues was assessed. Remarkably, while in roughly

50% of the animals the biodistribution of the conjugatdsey words Chimeric antibodies Tumour targeting

was similar, in the other animals cmAb E48 showed a mudlumour-bearing nude miceBiodistribution

higher blood clearance than mmAb E48. This resulted inSguamous cell carcinoma

lower tumour uptake of cmAb E48 in comparison with

mmAb E48. To determine whether this phenomenon was

related to mAb E48 or to the animal model, other cmAb-

mmAb combinations were evaluated in the same way

cmAbs SF-25, 17-1A and U36 (all IgG1) were tested arftroduction

all showed a rapid elimination in about 50% of the animals.

Besides a decrease in blood concentration, an increaseMef previously described the development of a panel of
cmAD levels in liver and spleen was observed within 24 fmouse mAb (mmAb) directed against head and neck
after injection. Isotype-specific enzyme-linked immunososguamous cell carcinoma (HNSCC) [14, 15, 17]. Radio-
bent assays showed that mice that demonstrated a rapiehunoscintigraphy studies using mAb labelled wathTc
elimination of cmAb from the blood had much lowerdemonstrated the capability of mmAb E48 and U36 to
endogenous 1gG1, 1gG2b and IgG3 titres than mice showrget HNSCC selectively in patients [3, 5]. Currently we
ing normal clearance. IgG2a levels were low in all micare assessing the suitability of mouse/human chimeric
Biodistribution experiments with 3ug chimeric 17-1A monoclonal antibodies (cmAb) for use as targeting mAb
isoforms showed high blood clearance in a proportion o radioimmunotherapy (RIT). We have developed cmAb
the mice for IgG1, 19G3 and IgG4, but not for 19G2containing the human constant IgG1 domain and the murine
Increase of the cmADb dose to 1Q@ resulted in a similar variable domains of mmAb E48 or U36 [1]. These cmAb
are expected to have the advantage of low immunogenicity
in patients and of additional therapeutic effectiveness by
F.B. van Gog: R.H. Brakenhoff- G.B. Snow- mediating antibody-dependent cellular cytotoxicity [9, 20].
?-A-M% Vla“ Dg”%‘?nxé ment of Ofol oaviiead and 2 prerequisite for use of the cmAb in antibody-targeted
T e o QL ryleq)Hest, o therapy s the preservation of the targeting properties and
Amsterdam, The Netherlands pharmacokinetics of the mmAb. To assess these character-
Fax: (0)20 4443688 istics, the biodistribution of cmAb E48, in comparison with
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mmAb E48, was determined in nude mice bearing HNSG reactive with suprabasal cells of stratified squamous epithelium,
tumour xenografts. pneumocytes, duct and acinar cells of salivary glands, bile ducts and

. . . analiculi in liver, oviduct epithelium, all epithelial cells in mammae
The tumour-bearing athymic nude mouse is a We%- i P ; b

. . . . ; nd urinary bladder and in cells of renal tubuli.
validated model for the preclinical in vivo evaluation of map SF-25 was developed and characterized by Takahashi et al.
mAb and mAb conjugates. Although there has been supi]. It recognizes a 125-kDa protein expressed by adenocarcinomas of
stantial debate regarding the relevance of the model thg colon and among normal tissues in the distal tubule of the kidney.

. L g ; mADb 17-1Awas developed by Koprowski et al. [11] and recognizes
predict clinical response, it is regarded as a suitable mo%ﬁlamigen expressed by endometrial, colon, thyroid, prostate and lung

for the testing of a number of radioimmunoconjugatgcinoma. In normal tissues reactivity was observed with kidney,
characteristics of importance for clinical use. After analysiser, thyroid and colon [4, 7].
of several animal RIT studies, Wessels [22] pointed out that mAb MOv18 was developed by Miotti et al. [13] and recognizes

the applicability of the mouse model should be limited tgh€ human folate-binding protein that is preferentially expressed by
ynaecological carcinomas. Some reactivity has been found with

(a) initial radiolabelled antibody screening, (b) pre”minargormal epithelium in the lung, ducts of the pancreas, epithelial cells
efficacy studies for target/non-target specificity, (C) evalwf the salivary gland and epithelium of the fallopian tube [19]. cmAb
ation of the suitability of a radiolabel, (d) toxicity studies]7-1A isotype variants IgG1, 1gG2, I9G3 and IgG4 were developed by
(e) comparison of the efficacy of various radiolabels ifteplewski et al. [20].

. . . . : mmAb E48 and SF-25 are of the IgG1, mmAb K928 of the 1gG2b
combination with different antibody types and fragments, o7 1A of he IgG2a isolype. Chimeric mAb E48, U36, SF-

anq tumc_)ur models and (f) basic 'dOSimE‘try Comparisops and MOv18 are all of the human IgG1 isotype. The mmAb 17-1A,
using animal target/non-target ratios extrapolated to hemAb 17-1A (IgG1, 1gG2, IgG3 and 1gG4), cmAb SF-25 and cmAb
mans. MOv18 (IgG1 and the F(dl fragment of 1IgG1) were provided by

. T . . : entocor Inc., Malvern, Pa., USA.
With these limitations in mind, we considered th& mmAb E48, K928, SF-25 and 17-1A and cmAb E48, U36 and SF-

tumour-bearing ngde mouse _mOdel suitable for the asses$yere used to evaluate the accelerated blood clearance of cmAb.
ment of the targeting capabilities of cmAb E48 and U36. Trurthermore, cmAb 17-1A was used to assess the influence of the
compare both mAb E48 forms directly, the cmAb E48mAb isotype on blood clearance. cmAb MOv18 IgG1 and Fab

(labelled with 125) and the mmAb E48 (labelled with \t/)vlccejroeducslggr;c;]ggsess the influence of the Fc portion of the mAb on the
131) were injected simultaneously. For the initial compar- '

ison of the two mAb a tracer dose of both cmAb and mmAb

was used. We report here an increased blood clearance ghaioiodination of antibodies

low protein dose of cmAb in roughly 50% of the mice. We

conclude that this effect is related to the nude mouse modeglination of IgG or F(ah2 was performed essentially as described by

: - Haisma et al. [8]. Samples comprising 200—-50§ mAb 1gG or
Factors that influence the blood clearance of cmAb i abf)z in 50011l phosphate-buffered saline. pH 7.4, and 24524 or

mADb isotype and mAb dose will be described, and me&sy (100 mCiiml; Amersham, Aylesbury, England) were mixed in a
sures to prevent this large variation in pharmacokinetics wél coated with 75.g lodogen (Pierce, Oud Beijerland, The Nether-
cmAb in nude mice will be outlined. Moreover, the conlands). After 10 min incubation at room temperature, a sample was

sequences of this phenomenon for the preclinical ass Egn to determine the amount of iodine incorporated by means of
fichloroacetic acid precipitation. Free iodine was removed by gel

ment of the targeting capabilities of cmAb will be dissjration on a Sephadex-G25 column (Pharmacia-LKB, Woerden, The

cussed. Netherlands). After removal of unbouri@d/13Y, the radiochemical
purity always exceeded 96%. The specific activity of the various
iodinated mAb ranged from 0.05Ci/ug to 4.5uCi/pg.

Material and methods Immunoreactivity assay

Monoclonal antibodies In vitro binding characteristics of the various mAb labelled with or

125 were determined in an immunoreactivity assay as described
All mAb used in these studies are considered candidates for tumgueviously [3]. In short, cells expressing the appropriate antigen were
targeting in patients. The production and selection of mAb E48, mAlxed according to their specific protocols.

U36 and mAb K928 have been described previously [14, 15, 17]. For binding assays of mAb E48, K928 and SF-25 UM-SCC-22A
mAb E48 recognizes a 16- to 22-kDa surface antigen, which is neglls (kindly provided by Dr. T.E. Carey, Ann Arbor, Mich.) fixed in
shed from the membrane, and in normal tissues is present in stratifg8@ paraformaldehyde were used; binding assays of cmAb MOv18
and transitional epithelium only. The antigen defined by mAb E48 wagere performed using OVCARS cells fixed in 2% paraformaldehyde;

shown to be expressed by 94% of primary HNS®G-(196). In 70% for mAb U36 UM-SCC-11B cells (also provided by Dr. T.E. Carey)
of these tumours the antigen was expressed by the majority of cellsware fixed in 0.1% glutaraldehyde; for binding assays of mAb 17-1A
comparable reactivity pattern was observed in 31 tumour-infiltratechfixed cells of the colon carcinoma cell line WiDr-29 (kindly
lymph nodes from neck dissection specimens [4]. provided by Dr. H.H. Haisma, Free University Hospital, Amsterdam)
mAb U36 recognizes a 200-kDa surface antigen that in normakre used. Six serial dilutions (ranging fromx5106 cells per tube to
tissues is only present in stratified and transitional epithelium [17]. Tt%1 x 105 cells per tube) were prepared with 1% bovine serum albumin
antigen defined by mAb U36 was shown to be expressed by 99% (BSA) in PBS. mAb labelled with 10 000 cptad or 131 was added to
primary HNSCC ( = 196). In 96% of these tumours the antigen wathe tubes. The samples were incubated overnight at room temperature
expressed by the majority of cells. A comparable reactivity pattern wgaAb E48, U36, K928, MOv18 and SF-25) or for 2 h at@ (mAb 17-
observed in 31 tumour-infiltrated lymph nodes from neck dissectidh). Excess unlabelled mAb IgG was added to the last sample to
specimens [4]. determine non-specific binding. Cells were spun down and radioactiv-
mAb K928 recognizes a 50- to 55-kDa protein expressed on thg in the pellet and supernatant was determined in a gamma counter
outer cell surface of head and neck as well as lung, breast and ovdi¢B-Wallac 1282 CompuGamma, Kabi Pharmacia, Woerden, The
carcinomas [15]. Among the normal tissues mAb K928 was found Metherlands) and the percentage bound and free radioactivity was
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calculated. The data were graphically analysed in a modified Lingas allowed to react at room temperature for 30 min. The reaction was
weaver-Burk plot and the immunoreactive fraction was determined btopped by adding 5@l 2 M H2SQ4, and the absorbance at 490 nm was
linear extrapolation to conditions representing infinite antigen excesseasured in a plate reader. The reciprocal plasma dilution yielding an
The immunoreactive fraction of the various iodinated mAb preparabsorbance of 1.0 was used to quantify the endogenous IgG levels in
tions always exceeded 68%. the plasma. As standards, mouse IgG solutions of 1 mg/ml were used
(IgG1: mADb E48, IgG2a: mAIlCD10, IgG2b: mAb K928, 1IgG3: mAb
C153). Plasma concentrations are provided as means of triplicate

Biodistribution studies analyses.

The in vivo biodistribution characteristics of a mAb were determined
in tumour-bearing or tumour-free female nude mice (Hsd, specified-
pathogen-free athymiouwnu, 25—-32 g, Harlan/CPB, Zeist, The Neth-Results
erlands). Tumour-bearing nude mice, as used for the experiments

shown in Fig. 1 and Table 1, had two human HNSCC Xemgrafﬁodistribution of cmAb E48 and mmAb E48
implanted subcutaneously. At the time of injection the tumour size was

226+ 175 mn$ (mean = SD). In several experiments, tumour-free . ) ) )

nude mice were used to avoid the influence of tumour uptake on théie observation of a high blood clearance of chimeric mAb
biodistribution characteristics of the mAb. Mice were 8—10 weeks olfas made in an experiment in which the biodistribution of
at the time of the experiments?d- and 134-labelled mAb were ~mAb E48 and mmAb E48 was compared by coinjection of

intravenously injected in 0.9% NacCl. Injection volumes were 100 3 . 5
while the total immunoglobulin dose ranged fromug to 100ug. At 3 ug of 131-labelled cmAb E48 (8.21Ci) and 3ug 13-

indicated assay times after injection, mice were anaesthetized, bi&helled mmAb E48 (3.0uCi) in HNSCC-bearing nude
killed and dissected. The urine was collected and the following organsice. The biodistribution was determined at 1, 2, 3, 5and 7
were IreTOVedAf'tiVer: Sp'ﬁ!a”: kid(;‘_eyr ?tqtmf?‘Chv ileum, colon, Stetrnutaays p.i. The calculated average radioactivity uptake (%ID
muscle, lung. After weighing, radioactivity in organs, organ contents,_ o : ;
blood and urine was counted in a dual-isotope gamma counter (Wali%éc/) and standard de_watlons are given in Table 1. The mean
CompuGamma 1282). Standards were included to correct for el of cmAb E48 in blood was lower than the level of
contribution of both isotopes in the various window settings. mmAb E48, with cmAb:mmAb ratios of 0.53, 0.67, 0.71,
Radioactivity uptake in these tissues was calculated as the percgn71 and 0.27 at 1, 2, 3, 5 and 7 days p.i. respectively.

age of the injected dose per gram of tissue (%B)gClearance of ;
cmAb from the blood of mice coinjected with cmAb and the corre'-o‘IthOngh the mean levels of the cmAb E48 in blood and all

sponding mmADb is arbitrarily called “high clearance® when the ratio #ther organs were lower than the mean levels of mmAb
radioactivity level in the blood for cmAb to that for mmAb is lowerE48, indicating an increased total body clearance of cmAb
than 0.7, irrespective of the time interval after coinjection of the cmAB48 in comparison with mmAb E48, the levels in the

and mmAb. tumour were comparable. It is tempting to conclude that,

All animal experiments were performed according to the principle : S c -
of laboratory animal care (NIH publication 85-23, revised 1985) ardl! the basis of the biodistribution characteristics in mice,

the Dutch national lawVet op de Dierproeve(Stb 1985, 336). Untii CMAb E48 is better suited for clinical application than
the day of mAb administration mice were routinely housed undenmAb E48. Owing to the large variation in blood levels

specified-pathogen-free conditions, in sterile cages standing inp@ hoth mAb, no accurate estimates of thea or ti3
humidity- and temperature-controlled clean room, classification 20 %uld be made

according to the Federal Standard 209d. On the day of injection, mi . . . . . .
were transported to the Radio Nuclide Center, Vrije Universiteit, and A relatively large interanimal variation in the tissue
sterile radioimmunoconjugates were administered under aseptic cleévels of cmAb E48 was found in comparison with the
ditions in a laminar-flow hood. levels of mmAb E48 (Table 1). Analysis of individual mice
revealed that high clearance of cmAb E48 in comparison
with mmAb E48 occurred in only a proportion of the
animals. Because the elimination rates could not be deter-
To determine the endogenous mouse IgG levels, blood was hepg&ined accurately, the cmAb:mmADb ratio was calculated for
inised, the cells removed by centrifugation and the plasma frozen umch individual mouse and used to discriminate between
use in the ELISA. Nlnety-SIX well U-bottomed plates were Coateﬁ—uce Wlth normal and hlgh blood Clearance Of the CmAb

overnight at £C with 100 pl goat heavy-chain-specific antisera ; ; . ;
against mouse IgG1, 19G2a, 1gG2b and 1gG3 (dialysed, fractionatE&om Fig. 1, showing cmAb:mmAb levels in blood of

serum; Sigma, St. Louis, Mo., USA) in carbonate buffer (0.01 NNdividual mice 1-7 days after injection, it appears that,
NaHCQ:-H20 adjusted to pH 9.6 with 0.025 M @0s-10H:0). After  in 12 out of 23 mice, the cmAb was rapidly eliminated from

three washes with phosphate-buffered saline (PBS)/0.05% Tween g{& blood (ratio<0.7) while in the other animals compa-

plates were incubated for 60 min with 2@0 blocking solution (4% ;
bovine serum albumin, BSA. in PBS) and subsequently @ell rable levels were found for the cmAb and the mmAb (ratio

mouse plasma was added. Twelve serial dilutions were made of tied-7)- At all assay times after injection a large variation in
mouse sera and added to the plates, starting with a 100-fold dilutishe blood levels was found.

subsequent additions comprised 5-fold dilution steps. The assay bufferIn high-clearance mice the cmAb activity levels in the
was used as a control. After incubation for 60 min at room temperatufger and spleen were relatively high 24 h after injection.

three washes with PBS/0.05% Tween 20 and two with PBS, {l50 . O . .
peroxidase-labelled rabbit anti-(mouse immunoglobulin)  (Dak§,0f these mice liver:blood and spleen:blood ratios of

Lostrup, Denmark) diluted 1:400 in PBS/1% BSA was added. Aftéespectively 0.83 and 1.01 were found for cmAb E48,
incubation for 60 min at room temperature the plates were washathile for normal-clearance mice these ratios were 0.19
again three times with PBS/0.05% Tween 20 and twice with PBS, agghd 0.20 respectively. At later assay times these ratios were

200 pl substrate solution containing 30 nagphenylenediamin@HCI P Iy j .
(2 tablets; Sigma, St. Louis, Mo., USA) in 20 ml citric acid/phospha@milar for the high- and normal-clearance groups of mice.

buffer (0.02 M NaHPQ:-2H,0 adjusted to pH 5.5 with 0.01 M citric oM this observation it can be concluded that a proportion
acid) plus 45ul 10% H02 solution was added per well; the mixtureof mice show a high blood clearance of cmAb E48, which

Isotype-specific enzyme-linked immunosorbent assay (ELISA)
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is accompanied by an increase in liver and spleen levels. As "
a result of this high blood clearance, tumour levels of cmAb :
were lower in high-clearance mice than in normal-clearance
mice (8.0 and 29.3 %ID ¢ respectively 24 h after
injection). The liver and spleen uptake takes place within
24 h after injection and is not observed for mmAb E48. For
mmAb E48 the liver:blood and spleen:blood levels 24 h
after injection were 0.20 and 0.18 respectively in normal-
clearance mice, while in the mice demonstrating high
clearance of cmAb these ratios were 0.23 and 0.18 respec-
tively. The tumour levels of mmAb E48 were comparable in R
the two groups: 19.4 %ID-¢ in normal clearance mice and 1 ; 5 5 i
18.8 %ID g-1in high-clearance mice. Maps ultee “njuc jur
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Fig. 1 Relative blood levels of mouse/human chimeric antibody

(cmAb) E48, in nude mice bearing human head and neck squamous
Blood clearance of various IgG1 cmAb cell carcinoma xenographs, 1, 2, 3, 5 and 7 days after injection. The

levels of all individual mice are given, expressed as the cmAb:murine

. S -mAb (mmADb) ratio of the radioactivity uptake (% injected dose H)g
To test whether the variable elimination rate of cmAb i coinjection of dig of 134-labelled cmAb E48 (8.2:Ci) and 3ug

nude mice is a general phenomenon, four cmAb of the 19Gli25-jabelled mmAb E48 (3.QuCi)

isotype were evaluated for their biodistribution in tumour-

free nude mice. When available, the murine IgG1 counter-

part was injected simultaneously as a control. On the basis

of the comparison of cmAb and mmAb E48 at various

assay times, the biodistribution at one assay time 1-7 day% h respectively. For mmAb K928, the levels were
after simultaneous injection of a cmAb and a mmAb wadetermined 24 h after injection. The relative blood levels
considered to be sufficient to discriminate between miege given in Fig. 2. These data show that a similarly large
with normal and rapid clearance of cmAb. The followingariation in the elimination of cmAb E48 was seen in

injections were performed: @g (12.2uCi 129) cmAb E48 tumour-free nude mice and in HNSCC-bearing mice. Four
with 3 pg (5.3 uCi 131) mmAb E48, 5ug (5.6 uCi 128) out of five mice had cmAb E48 blood levels that were

cmAb SF-25 with 5ug (3.1 uCi 131) mmAb SF-25, 3ug substantially lower than that of the other mouse, while the
(0.8 uCi 131) mmAb K928, 5ug (5.8 uCi 128) cmAb U36, blood levels of the mmAb E48 were within a much

and 5pug (7.6 uCi 1311) cmAb 17-1A. For cmAb U36 and narrower range. In one mouse the blood level of the
cmAb 17-1A the levels of activity in blood and varioussmAb was comparable to that of the mmAb E48. This
organs were measured 72 h after injection. For cmAlsriation was also seen for cmAb SF-25, U36 and 17-1A,
mmAb couples of E48 and SF-25 this was at 96 h ardmlit not for mmAb SF-25 and mmAb K928.

Table 1 Biodistribution of coinjected3l-labelled cmAb E48 (31g, 8.2uCi) and128-labelled mmAb E48 (319, 3.0uCi) in mice bearing human
head and neck squamous cell carcinoma xenographeAbmurine mAb,cmAbmouse/human chimeric mAb

Radioactivity uptake (% injected dose/g tissue)

Tissue 1 day 2 days 3 days 5 days 7 days

mmAb
Blood 12.59+ 3.68 7.3 1.34 494 2.55 2.62- 1.38 1.74t 1.27
Tumour 19.05t 5.59 24.88t 5.41 17.68t 5.39 18.34t 6.87 15.03t 5.34
Liver 2.78+ 1.10 1.44+ 0.25 1.14t 0.57 0.64- 0.27 0.37# 0.32
Spleen 2.3% 0.91 1.22+ 0.19 0.9 0.42 0.47 0.20 0.30t 0.24
Kidney 3.19+ 0.79 1.65t 0.17 1.18t 0.59 0.67 0.30 0.36t 0.26
Lung 441+ 1.74 2.48t 0.51 157 0.76 0.86- 0.39 0.46t 0.34
Sternum 1.3% 0.31 0.6 0.34 0.5G6t 0.20 0.28t 0.12 0.15- 0.09
Muscle 0.87 0.19 0.57t 0.09 0.37 0.13 0.17 0.07 0.09t 0.05

cmAb
Blood 6.64+ 4.68 4,93t 2.98 3.50t 3.39 1.87 1.69 0.47t 0.46
Tumour 16.5%13.77 28.65-16.27 22.55-19.61 27.53-18.90 11.37 15.00
Liver 2.65+ 1.05 1.25t 0.44 0.79t 0.65 0.4 0.39 0.08t 0.12
Spleen 3.13 1.68 1.56t 0.47 0.93t 0.57 0.44- 0.34 0.12- 0.09
Kidney 2.12+ 0.74 1.19t 0.49 0.87 0.77 0.54t 0.45 0.13t 0.15
Lung 2.82+ 1.05 1.8+ 0.81 1.12+ 0.98 0.6+ 0.49 0.14- 0.15
Sternum 1.2¢ 0.20 0.48t 0.30 0.37% 0.31 0.22- 0.18 0.06t 0.06

Muscle 0.54t 0.20 0.43t 0.19 0.27+ 0.22 0.13t 0.10 0.04- 0.04
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IgG2a and 1gG2b isotype in SwisaV/nu mice after injec-

tion of a low mAb dose (less than 3@y). Similar to the
phenomenon described here, they found an increased elim-
ination from the blood in only a proportion of the animals
while in other mice of this strain the clearance was
comparable to the clearance in other mice strains. They
could not give an explanation for this phenomenon.

To test whether the effect described here is related to the
phenomenon described by Sharkey et al., we compared the
biodistribution of cmAb 17-1A IgG1l and mmAb 17-1A
IgG2a by means of coinjection of 8y (6.9uCi 129) cmAb
17-1Awith 3ug (9.9uCi 134) mmAb 17-1A in tumour-free
Fig. 2 Relative blood levels of four cmAb of the IgG1 isotype angy,de mice. The blood levels of the individual mice 24 h

three mmAb in tumour-free nude mice 1 day (cmAb SF-25, mmAb Sk S . - - -
25 and mmAb K928), 3 days (cmAb U36 and cmAb 17-1A) or 4 daygfter injection are given in Fig. 4A. On the basis of the

(cmAb and mmAb E48) after injection. The following labelled mapPlood levels of migG2a, we divided the mice into two
were injected: 3ug 129-labelled cmAb E48 (12.2uCi), 5 pg 124-  groups: a normal-clearance group consisting of mice 1, 2
labelled cmAb SF-25 (5.ACi), 5ug 123-labelled cmAb U36 (5.81Ci),  and 3 and a high-clearance group consisting of mice 4, 5

5 pg 134-labelled cmAb 17-1A (7.6uCi), 3 pg 134-labelled mmAb TR -
E48 (5.30Ci), 5 ug 131-labelled mmAb SF-25 (3.LiCi): 3 pg 134- and 6. The mean levels of activity in blood and other tissue

labelled mmAb K928 (0.8:Ci). The mmAb E48 and cmAb E48 were @r€ given for both groups in Fig. 4B for cmAb 17-1A IgG1
injected simultaneously as well as the mmAb and cmAb SF-25. Tied in Fig. 4C for mmAb 17-1A 1gG2a. It appears that high
levels in all individual mice are given as the radioactivity uptake (%IBlood clearance of cmAb 17-1A IgG1 and mmAb 17-1A
g-) divided by the uptake (%ID ) of the mouse with the highest |s555 occurred in the same mice and, in both cases, was
blood level in the group . . v L)
accompanied by an increase of the activity levels in liver,

spleen and ileum.
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Biodistribution of various isotypes of cmAb 17-1A
Influence of mAb dosage on the elimination of cmAb
To determine if the increased blood clearance of cmAb is
related to the isotype, four isotypes of chimeric 17-1A werko determine the influence of mAb dosage on the elimina-
tested for their biodistribution in nude mice. In three grougion of cmAb, 100ug 129-labelled cmAb SF-25 (11.4Ci)
of six tumour-free nude mice fig 13U-labelled cmAb 17- was injected together with 2g of 131-labelled mmAb E48
1A of the human IgG1 isotype (7.4Ci) was coinjected (8.7 uCi) as a reference in six nude mice, and the biodis-
with 5 pg 129-labelled cmAb 17-1A of the human isotypedribution was determined after 3 days. Levels of activity in
IgG2, 1gG3 or IgG4 (6.7uCi, 2.2 uCi and 5.7uCi respec- blood and various organs are given in Fig. 5. The blood
tively). Three days after injection the levels of activity ilevels of the chimeric and murine mAb were similar and,
blood and various organs were measured. The highest bidot the whole group, only a small variation was found
levels of clgG1, clgG2, clgG3 and clgG4 in the particuldpetween animals. This demonstrates that a mAb dose of
groups were 6.84, 14.98, 1.89, 9.21 %IBlgNo abnormal 100pg is sufficient for complete saturation of the uptake of
uptake was seen in any organ. In Fig. 3A—C the relati@nAb by the liver and spleen and thereby the fast elimi-
blood levels of both coinjected iodine labels are given féxation from the blood. This experiment was repeated with
the individual mice. The levels are given as percentagesusfrious cmAb/mmAb combinations with similar results.
the highest blood level for each mAb isotype in the
particular group to facilitate the comparison. A variation
in blood levels similar to that of clgG1 was found for théAnalysis of IgG titres in mouse plasma
clgG3 and clgG4 isotypes (Fig. 3B, C). Furthermore, mice
that demonstrated a fast elimination of clgG1 also showed be blood clearance of chimeric IgG1 was determined by
fast elimination of these two isotypes. In contrast, thepinjection of 5ug 123-labelled cmAb SF-25 (5.6.Ci) and
clgG2 levels were similar for all mice tested although th® pg 13Y4-labelled mmAb SF-25 (3.1uCi) and analysis of
blood levels of the coinjected clgG1l did show a largthe distribution of the activity 24 h after injection in
variation in these mice (Fig. 3A). tumour-free nude mice. Plasma of both high-clearance (
= 3) and normal-clearancen & 3) mice was analysed by
means of HPLC on a size-exclusion column. For both
groups of mice, the plasma did not contain high-molecular
Biodistribution of cmAb IgG1 and mmAb IgG2a mass complexes containing iodine label. Comparison of
at a low dose endogenous IgG levels, assessed by means of an isotype-
specific ELISA, in plasma of normal- and high-clearance
A similar large variation in the blood clearance of mAb hasiice, revealed much lower IgG levels in high-clearance
been reported by Sharkey et al. for murine mAbs [18]. Thewice (Fig. 6.). A 30-fold difference was seen for IgG1
found an extremely high blood clearance of mmAb of thehile for IgG2b and IgG3 levels this difference was a factor
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Fig. 3A—C Relative blood levels of various isotypes of cmAb 17-1A T ) -
in tumour-free nude mice 3 days after injectiod) (5 ug of 19G2 L Liw Spk KA Leg Sk v TIF Ska Mare

labelled with 6.7uCi 128, (B) IgG3 labelled with 2.2u4Ci 128 or (C)
IgG4 labelled with 5.7.Ci 129 (grey barg was injected simultaneously Fig 4A—C Relative blood levelsA) of 3 pg 125-labelled cmAb 17-
with 5 pg IgG1 labelled with 7.GuCi 131 (open bary. The blood levels 14 1gG1 (6.9 uCi; open bary and 3pg 34-labelled mmAb 17-1A
of both isotypes in all individual mice are given, expressed as thegoa (9.9uCi; grey bar$ in tumour-free nude mice at 24 h after
radioactivity uptake (%ID g?) divided by the uptake (%ID¢) of the injection. The levels of both mAb in individual mice are given as the
mouse with the highest blood level in the group radioactivity uptake %IBy-1 relative to the uptkae for the mouse with
the highest blood level in the group (%I5-g %ID g-1). Biodistribu-
tion of (B) cmAb 17-1A IgG1 and €) mmAb 17-1A 1gG2a after
14 and 6, respectively. No significant difference in IgG2gimultaneous injection into tumour-free nude mice. On the basis of the

plasma levels between normal- and high-clearance mideod levels given imA, the mice were divided into a high-clearance
was found. group f = 3; hatched barsand a normal-clearance group% 3; open

barg. The mean blood and tissue levels are given for each group as
radioactivity uptake (%ID gY). Bld blood, Liv liver, Spl spleen,Kid
kidney,Lng lung, Stmstomach]Im ileum, CIn colon, StnsternumMsc
muscle

Biodistribution of whole IgG1 and F(&j fragment of
cmAb MOv18 at a low dose o o
elimination similar to that found for other IgG1l cmAb

Eccles et al. described “non-specific” isotype-related acctFig- 2), the cmAb MOv18 F(a blood levels were
mulation of rat immunogk_)bu”ns in tumour, liver an(ﬁim”ar for all mice tested. These data indicate the involve-
spleen of immunocompetent and athymic syngeneic rd@'ent of the Fc portion in the rapid elimination of cmAb
which appeared mediated by Fc binding [6]. To test wheth&pm the blood.

the Fc portion of the cmAb is important for the effect

described herein, we compared the biodistribution of whole

IgG1 and the F(abz fragment of cmAb MOv18. A 3ug
sample of MOv18 IgG labelled with 3.4Ci 129 and 3ug Discussion

of MOv18 F(ab). labelled with 5.2uCi 134 were injected

simultaneously in seven tumour-free nude mice. The rella this study we describe the rapid elimination of mouse/
tive blood levels 20 h after injection of all individual micehuman chimeric antibodies in nude mice in comparison
are given as percentages of the highest blood level in twéh the mouse analogues of these cmAb. This phenome-
group for the whole IgG and the F(gbfragment in Fig. 7. non is observed in roughly half of the mice, while in the
While cmAb MOv18 IgG showed a large variation inother half the blood levels of the cmAb and mmAb tested
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Ol Liv Sal I0d Lng S 0w ©1a, 5in Mo Fig. 6 Endogenous IgG levels of normal- and high-clearance mice.
) On the basis of the blood levels of cmAb SF-25 24 h after coinjection
of 129-labelled cmAb SF-25 (fug; 5.6 uCi) and 131-labelled mmAb

Fig. 5 Biodistribution of 100ug 129-labelled cmAb SF-25 (11.4Ci; SF-25 (5pg; 3.1 uCi), the mice were divided in a normal-clearance
open bar¥ and 2pg 134-labelled mmAb E48 (8.7.Ci; hatched bars group Epen bars relative level >0.7; n = 3) and a high-clearance
after simultaneous injection into six nude mice. The mean blood agtbup @rey bars relative level<0.7;n = 3). The mean blood levels of
tissue levels are given for each group as radioactivity uptake (%tBe various endogenous mouse IgG titres in plasma are given for each
g-1). BId blood, Liv liver, Spl spleen,Kid kidney, Lng lung, Stm group as measured by means of an isotype-specific enzyme-linked
stomach lim ileum, CIn colon, Stn sternum,Msc muscle immunosorbent assay

did not show a significant difference. The lower bloothese studies, however, recognized antigens that are shed by
levels of cmAb probably resulted in the low tumour uptakehe xenografts in the bloodstream of the mice. The cause of
that was found for mice with high blood clearance of cmAliver uptake in the cases of antigen shedding was explained
E48. Owing to the large variation in the blood and tissugy the formation of immune complexes and subsequent
levels of cmAb E48 in the individual mice, no conclusionaptake and catabolism by the liver. However, the effect we
could be drawn from this experiment concerning theescribe here must have a different cause because (a) HPLC
targeting properties of cmAb E48. This phenomenon hamalysis of plasma of high-clearance mice did not reveal
to our knowledge, not been reported before for cmAlny iodine-labelled immune complexes (data not shown),
although many studies have already been done in iy the phenomenon was not observed with mmAb and (c)
nude mouse model, using tracer doses to determine the high clearance was also seen in tumour-free nude mice.
pharmacokinetics and targeting capabilities of cmAb. Hl is, therefore, safe to assume that the whole and uncom-
could be that in a number of these studies the phenomemdexed mAb is taken up from the blood by the liver and
was not noted as such, but attributed to in vivo variatiospleen and subsequently degraded. In this respect the
Another possibility is that a deviation in the biodistributiopphenomenon seems to be similar to that described by
has been explained to be the result of a misinjection. In tt8harkey et al. for mlgG2a and migG2b [18]. They de-
study we determined whether this large variation in therribed the high blood clearance of mlgG2a and migG2b in
biodistribution could have consequences for the suitabiliyarious strains of outbred Swissynu mice. They found
of the cmAb for clinical use. Most experiments were dontais high clearance, which was dependent on the age of the
in tumour-free nude mice because the variation in thmice and on the mAb dose, in three-quarters of the mice
uptake of mAb by the tumour increases the variation tested while the other mice demonstrated a “normal”
the blood levels. clearance rate. To test whether this phenomenon is similar
The increased clearance of cmAb was found to ke the one we found for cmAb, we injecteds-labelled
independent of the variable domain but dependent on th@Ab 17-1A 1gG1 andi3l-labelled mmAb 17-1A 1gG2a
isotype of the constant domain and of the mAb dossimultaneously into nude mice. The fact that the pattern of
Several other cmAb of the same IgG1 isotype were testgw biodistribution of both mAb was similar irrespective of
and, for all mAb, the phenomenon was seen. Determinatithe blood clearance indicates that the high clearance of
of the influence of the isotype of the cmAb on the clearanegnAb we describe here is caused by the same mechanism.
of a tracer dose showed that clgGl, clgG3 and clgG4 The mechanism behind the increased clearance of cmAb
behaved in a similar fashion while clgG2 did not demordescribed here remains unclear and hypothetical. The fact
strate increased blood clearance in any of six mice. tAat it is independent of the variable domain but dependent
strong correlation was found between the blood clearanse the isotype of the human IgG (higG) suggests involve-
of cmAb and the endogenous IgG titres of the micenent of Fc-binding receptors. These receptors should have
demonstrating that the variation in the elimination ad high affinity for both monomeric migG and monomeric
cmAb is an experimental artifact related to the nude mousegG. The observation that, for migG2a, there was a similar
Several studies have been published describing thariation in clearance to that found as we found for clgG1,
influence of the mAb dose on the pharmacokinetics amstrengthens the hypothesis that Fc-binding receptors are
liver uptake of various mAb [10, 16]. Most mAb used irinvolved. The structural resemblance of higG1, higG3 and
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The question remains why the increased elimination is

] only seen in a proportion of mice. Measurement of the IgG
10— - levels showed lower endogenous antibody titres in the
o . i ‘ plasma of mice with increased clearance. Significantly
2 oe | . r ' o lower levels of IgG1, 1gG2b and IgG3 were found in
z ] i . A ‘ these mice. 1gG2a levels were low in all mice. Farnu
Z os F ? ‘ mice it has been shown that the endogenous IgG levels are
o I . . ‘ low in young mice, but increase to levels comparable to
T M4 ’ ‘ those of their heterozygous littermates thereafter [12].
z . H ' : We hypothesize that, in mice with low endogenous
e | ’ g - levels, there could be an excess of free Fc-binding recep-
o _ ‘ tors, capable of binding monomeric clgG1, clgG3, clgG4 or
oL . . ’ | o . mlgG2a. During the increase in endogenous IgG levels,
1 > 8. 1 53 B 7 these free receptors become saturated with migG, thereby

preventing binding of clgG. Indeed, when mice of 14 weeks
of age were given low doses of cmAb IgG1l or mmAb

Fig. 7 Relative blood levels of 3ug 123-labelled cmAb MOv18 |gG2a, no excessive variation in the blood clearance or
(3.4 pCi; open bary and 3pg '3U-labelled cmAb MOV18 F(ab2 yntake by spleen or liver was seen (data not shown). This

(5.2 uCi; grey barg 20 h after simultaneous injection into seve : . .
nude mice. The levels of the individual mice are given as tﬂ%bservatlon corresponded with similar endogenous mlgG

radioactivity uptake relative to the uptake of the mouse with tHéfres in all mice. This hypothesis explains the fast removal
highest blood level in the group (%I!D-§ %ID g-1) of the injected clgG from the blood, but it does not explain

the fast degradation of the clgG after binding to these
receptors.

mlgG2a that leads to the comparable affinity of higG1l and The phenomenon described here appears to be related to
mlgG2a for human Fc receptors might also cause crogse nude mouse model and there is no evidence that
reactivity of mouse and human IgG isotypes with mouse kwcreased uptake by liver and spleen of these cmAb will
receptors. In fact, the pattern seen in the affinity of, fasccur in the human situation. For a correct preclinical
example, the human Fgl receptor to the various mono-evaluation of the targeting capabilities of a chimeric,
meric hlgG isotypes (IgG*19G3>19G4> >19G2) corre- humanized or human IgG1, IgG3 or IgG4, one out of
sponds roughly to the pattern of increased clearance seethime measures, as described by Sharkey et al. for the
this study. Furthermore, the organs of uptake of the cmAdvaluation of mlgG2a, can be taken: (a) an mAb dose can
in the higher-clearance mice are the liver and spleen, orgdes given to nude mice that is sufficient for complete
with high numbers of Fcy receptor-bearing cells like saturation of the uptake by the liver and spleen (preferably
macrophages. 100 pg), (b) only older mice (at least 4 months of age) can

To test the role of Fc-binding receptors in this phenonle used or (c) BALB/c nude mice or outbred nude mice,
enon, the whole IgG and the F(ab fragment of cmAb which do not show this phenomenon, can be used.
MOv18 were injected simultaneously into nude mice and
the biodistribution was determined. The F(abfragment
demonstrated comparable blood levels for all mice 20-h
after injection while, for the whole 1gG, four out of severReferences
mice showed a fast elimination. Some variation was found
in the case of the F(&p fragment but this was not 1.
correlated with the variation in the blood levels of the
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