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A detailed technical protocol is provided for reproducible and
aseptical production of stable '®*Re-monocional antibody con-
jugates. Labeled Mab E48 IgG and its F(ab’), fragment which
are promising candidates for radioimmunotherapy of squamous
cell carcinoma of the head and neck were used for evaluation.
S-benzoyimercaptoacetyttriglycine (S-benzoyl-MAG3) was used
as a precursor. Rhenium-186-MAG3 was prepared via a unique
solid-phase synthesis, after which known strategies for esterifi-
cation and conjugation to Mab IgG/F(ab’), were applied. The
biodistribution of '®Re-E48 F(ab’), in tumor-bearing nude mice
was found to be comparable to that of analogously labeled
89mTc-E48 F(ab'), or '3'1-E48 F(ab'),, indicating that the intrin-
sic behavior of the antibody remains preserved when using this
labeling technique. Radiotytic decomposition of 1*®Re-E48 IgG/
F(ab’), solutions of 10 mCi - mi~" was effectively reduced by the
antioxidant ascorbic acid. Upon increase of the Re-MAG3 molar
amount, a conjugation of seven to eight Re-MAG3 molecules
per Mab molecule was generally the maximum ratio that could
chemically be obtained. Such a ratio did not impair the immuno-
reactivity or alter the in vivo biodistribution characteristics of the
immunoconjugate, making this labeling procedure suitable for
general clinical application.
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Tumor targeting with radiolabeled monoclonal antibod-
ies (Mabs) might be a valuable approach for diagnosis and
therapy of squamous cell carcinoma of the head and neck
(HNSCC) which represents the vast majority of all malig-
nant tumors of the head and neck. HNSCC has a proclivity
to metastasize to regional lymph nodes in the neck rather
than to spread hematogeneously. The status of the cervical
nodes has been recognized as the single most important
prognostic factor in HNSCC.

Most early stage HNSCC (Stage I and II) can be safely
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cured with surgery and/or radiation therapy. Less effec-
tive, however, is the treatment of Stage III and IV disease:
50%-60% of patients with resectable tumors develop lo-
coregional recurrence, while 15%-25% develop distant me-
tastases. The role of chemotherapy in these patients is
limited. Responses are often seen but enhancement of sur-
vival is minimal.

Radioimmunoconjugates may be beneficial in assess-
ment of tumor involvement in the lymph nodes. It can be
expected that the relative superficial localization of the
neck nodes allows accurate radioimmunodetection with a
gamma camera. In addition, radioimmunoconjugates may
also be of value for early detection and therapy of recurrent
disease and distant metastases. A factor in favor of radio-
immunotherapy is the intrinsic radiosensitivity of HNSCC.

We recently tested a panel of Mabs for targeting
HNSCC in preclinical and clinical studies. The most prom-
ising antibody, Mab E48, recognizes a 22 kDa surface
antigen. This antigen is probably involved in cell-cell ad-
hesion and is exclusively expressed by squamous and tran-
sitional epithelia and their malignant counterparts (Z,2).
The capacity of Mab E48 IgG as well as F(ab’), for highly
specific delivery of *!I to human head and neck tumors has
been demonstrated in xenografted nude mice (3,4). Re-
cently we demonstrated a dose-dependent growth delay,
regression and complete remissions of established tumors
by injecting single doses of *!I-labeled Mab E48 IgG in
nude mice bearing HNSCC xenografts (5).

As a first approach to test the capability of Mab E48 for
tumor targeting in patients with head and neck cancer, we
decided to evaluate Mab EA48-F(ab’), for its accuracy in
detection of lymph node metastases. To this end we used a
9mTc-MAG3-labeled conjugate of Mab E48 F(ab'), which
appeared highly capable of detecting metastatic and recur-
rent disease (6). Preliminary data indicate that Mab E48
IgG is also well suited for tumor targeting in patients:
labeled with ®™Tc, the percentage injected dose per gram
(%ID-g™") of tissue was found to be ranging from 0.014%
to 0.080% at 44 hr after injection. These data justify the
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further development of Mab EA48 for therapeutic ap-
proaches.

So far, most clinical experience with radioimmunother-
apy (RIT) has been obtained with '*!I-labeled immunocon-
jugates. Iodine-131 labeling of Mabs is easy since the iso-
tope has an appropriate half-life (8 days) and beta particle
energy (0.6 MeV) for utility in RIT. However, disadvan-
tages are the reported instability of *!I-labeled immuno-
conjugates and the gamma emission which represents 65%
of the released energy. It has been hypothesized that '*Re
may be a better candidate isotope for radioimmunotherapy
than ' (7). With its half-life of 3.7 days, its 9% gamma
emission (which has an ideal energy (137 ke V) for imaging),
its 71% beta emission of 1.07 MeV and a 21% beta emission
of 0.94 MeV (8), theoretically ®Re seems to be better
suited for RIT than ',

The physical properties of ™Tc and '®Re seem to be
ideal for radioimmunoscintigraphy (RIS) and for RIT, re-
spectively, and the chemical properties of ™Tc and '*Re
are considered to be similar. Therefore, at our institute
effort has been put on developing analogous *™Tc and
18Re labeling chemistry for Mabs directed to HNSCC,
with the clinical option to use *™Tc imaging to identify
18Re therapy candidates. In this concept it is clear that the
Mab biodistribution should be the same regardless of
whether it is labeled with *™Tc or '®Re. Consequently,
because the specific activity of '*Re is several orders of
magnitude lower than that of ®™Tc, the applicability of the
labeling procedure should not be restricted by the low
specific activity of '®Re.

The approach, which obviously gives the best chemical
control over the labeling process leading to highly stable
conjugates without aggregate formation, has been de-
scribed by Fritzberg et al. (9,10). During this multistep
procedure, an active ester of tetrafluorophenol and a N,S,-
pentanoate or N;S-butyrate carrying the radioisotope is
prepared, which is subsequently conjugated to amino
groups of the antibody. Either the ester is formed after
prelabeling of the chelate in the presence of S,02~ at pH
12, or the preformed active ester of the chelate is labeled
via transchelation at pH 3 (the “‘pre-ester’” method) (9-12).
The obtained conjugates were found to have retained their
immunoreactivity and to be stable when challenged by
other chelating compounds (9).

Trying to apply this method using S-benzoyl-MAG3, the
precursor of *™Tc-MAG3 used for renal function measure-
ment, we found that both methods were not suitable for
coupling '®Re to the antibody. Rhenium-186-MAG3 was not
formed with S,03~ at pH 12 during the prelabeling method,
while the pre-ester method failed due to severe hydrolysis of
the esterbond, even in the presence of isopropanol.

In the present study we report on a solid phase synthesis
of 1%Re-MAGS3. A detailed technical protocol is provided
for reproducible and aseptical labeling leading to stable and
sterile Mab conjugates (either IgG or their fragments) with
186Re to a high Re:Mab molar ratio. The chemical stability
in connection with the radiolytic decomposition occurring
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when using strong beta emitters, is described. From com-
parative studies in HNSCC-bearing nude mice, biodistri-
bution characteristics of E48 IgG and its F(ab'), labeled
with ®Re, ¥™Tc, and '3'I are provided.

MATERIALS AND METHODS

Materials

The 2,3,5,6-Tetrafluorophenol (TFP) and 1-ethyl-3-(3-dimethy-
laminopropyl)-carbodiimide (EDC) used in the study were pur-
chased from Janssen Chimica (Beerse, Belgium). S-benzoyl-
MAG3 as a pure white solid, i.e., free from the presence of
organic acids and not in “kit”” form, was a gift from Mallinckrodt
Medical (Petten, The Netherlands). S-benzoyl-MAG3 was dis-
solved in MeCN:H,0 (9:1) at a concentration of 1 mg+ml~! and
was found to be very stable especially with respect to loss of the
sulphur-protecting group. Upon HPLC analysis no detectable
amounts of benzoic acid or other compounds were observed even
after 3 mo. (Details on HPLC analysis: 15 cm C18 Novapak column
(Waters, Millipore, MA); eluent 25% (volvol) EtOH/6.25 mM (n-
Bu),NH,PO,; flow rate 1 ml - min~!, R, S-benzoyl-MAG3 = 14.5
min; R, benzoic acid = 5.3 min; detection at 210 and 254 nm).

Rhenium-186 was obtained as a ['*Re]ReO; solution from
Mallinckrodt Medical. Quantitative measurement of the '*Re
activities in solutions was performed in glass vessels with an
internal diameter of 13.5 mm in a dose calibrator. It was found that
the amount of radioactivity measured in the *™Tc 140-keV chan-
nel needed to be multiplied with a factor of 2.5 to obtain the *Re
activity.

The tube heater was made from a Cu/Zn block fitted to the glass
vessel. Heating of the block was accomplished by a 240 V/150 W
Watlow band element. Thermo-control was carried out by a West
temperature controller (type PYZ4 TCY1), a solid-state relais and
a PT 100 (platinum resistance thermometer). The tube heater
avoids the use of a water or oil bath in the sterile flow hood. The
pH measurements were carried out with a small volume glass/Pt
electrode (Schott CG837, ® 3 mm, Tannson B.V., Zoetermeer,
The Netherlands).

For purification of the ester and the conjugate respectively,
Sep-pak C,g cartridges (Waters) and PD-10 Sephadex columns
(Pharmacia Biotech, Woerden, The Netherlands) were used. For
final sterilization of the radioimmunoconjugate, 0.22-um Acrodisk
filters (Gelman Sciences Inc., Ann Arbor, MI) were used.

All solutions were sterile and pyrogen-free and were made from
““water for injection.”

Analysis

HPLC analysis of the '%Re-labeled and **Tc-labeled MAG3
and their corresponding MAG3 TFP esters was performed on a
25-cm Lichrosorb 10 RP 18 column (Chrompack) with a gradient
elution. Solution A consisted of a 5:95 mixture of EtOH and a
0.01-M sodium phosphate buffer plus a 0.015-M sodium azide (pH
6) solution. Solution B was a 9:1 mixture of MeOH and H,0.
Gradient (flow rate 1 ml - min~?): 10 min 100% A, 10 min 100% A
— 100% B, 10 min 100% B. Radioactivity was detected continu-
ously by an Ortec 406A single-channel analyzer connected to a
Drew 3040 Data collector (Betron Scientific, Rotterdam, The
Netherlands) and fractions of 1 ml were collected on a LKB 2212
Helirac (Pharmacia Biotech, Woerden, The Netherlands). Com-
parison of the injection standard with the total effluent from the
HPLC column showed a quantitative recovery of the activity
(>98%) from the HPLC column in all cases. The HPLC retention
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TABLE 1
Protocol for the Preparation of '®®Re-MAG3-Conjugated Mab IgG/F(ab’), Schematically Presented in Figure 1, with Reference to
the Experimental Set-Up as Schematically Provided by Figure 2*

1. Mix 150 ul 1 MNa,CO, (pH = 11.7) with the appropriate amount of ['**Re]ReO, solution (up to 8 mi).

2t Add 150 ul (120 umole) of a freshly prepared Na,SO, solution (100 mg - mi~").

33 Add 25 ul (68 nmole) S-benzoyl-MAG3 (1 mg in 1 mi MeCN/H,0 (9:1)).

43 Add 100 ul (442 nmole) freshly prepared SnCl,/2H,0 solution (1 mg-mi~").

5% Heat mixture in tube heater (A) at 100°C. Evaporate solvent under a stream of N, until dry. Continue heating for another 15 min.

6. Put mixture on ice for 3 min.
7. Add 500 w of water for injection, then vortex.

8"  Bring pH between 5.7-6.3 with 490 ul of 1 N H,SO,.

9%t Add 200 ul of 2,3,5,6-TFP, 100 mg in 1 mi MeCN/H,O (9:1) and 50 mg EDC as a solid. Vortex, check pH and when necessary
readjust pH with 1 N H,SO, to pH = 5.7-6.3. Incubate at room temperature for 30 min.

103  Adjust the reaction mixture with water to a volume of about 8 ml.

1. Suck the reaction mixture through two conditioned Sep-pak C18 cartridges in series via B,C,C’ routing.

12. Suck 20 mi of water for injection through the columns via B,C,C’ routing for washing.

13. Suck 30 ml 20% (volivol) EtOH/0.01 M sodium phosphate, pH 7.0, through the columns via B,C,C’ routing for washing.
14. Suck 10 ml of water through the columns via B,C,C’ routing for removal of EtOH/phosphate.

15 Suck 0.5 mi of ethyl ether through the columns via B,C,C’ routing for removal of most of the remaining water.

1 6:"”

Tum valve and elute active ester into the tube with 2.5 ml of MeCN via B,D,E routing.

17. Evaporate solvent in the tube heater (A) at 30°C under a stream of N, via E,F routing.

18.Tem

temperature for 30 min.

19.11"

Solve active ester in 0.5 ml of 0.9% NaCl and add antibody. Adjust pH with 0.05 M Na,CO, to get pH 9.5; incubate at room

Purify antibody-conjugate by gel filtration on a PD-10 column equilibrated with 0.9% NaCl, and elute with 0.9% NaCl.

20. Sterilize the antibody conjugate through a low protein binding 0.22-u.m filter.

*Typical example starting from 27.9 nmole ['®*Re]ReO; solution (1.03 mCi; spec. act. 36.9 uCi-nmole~' Re).
*Sulphite is added to neutralize the effect of “aging” of the ['®®Re]ReO; solution.
When using higher nmole amounts of *®Re, for optimal incorporation of ®*Re into the complex, the Re:MAG3 molar ratio should be taken at

1:2.3, the Re:Sn?* molar ratio at 1:8.

*The tube heater avoids the use of a water or oil bath in the sterile flow hood.

For analysis of the different chemical reaction steps, HPLC analysis can be performed at the end of these steps.

+With 800 nmole of Re and consequently 6400 nmole of Sn*, at this point a certain amount of tin coliold formation occurs; however, this does
not affect the esterification process, while the collokis are removed or lost during the Sep-pak procedure.

The amounts used here are in high excess to speed up the esterification process and are present in such amounts that these do not need to

be adjusted when using higher nmole amounts of Re.

HThis step dilutes the original CH,CN/H,0 (1:5) mixture, necessary to avoid elution of a part of the ester into the waste flask.
#n general, at this time 80% =+ 5% of the activity is remaining in the form of pure ester.

TChemical half-life of the esterbond in 0.9% NaCl is 7 hr.

**The conjugation yield is 50% =+ 5% when using 2 mg of Mab IgG/F(ab’), in a reaction volume of 2.5 mi; the conjugation yields are higher when

using higher amounts of protein.

1The first sample consists of the 2.5-mi reaction volume; the labeled protein is collected in the next 3.5-mi fraction; with high '®®Re activity, this
collection vessel already contains 175 ul of 100 mg - mi~" ascorbic acid solution (final concentration 5 mg - mi~") for immediate protection against
decomposition. The next 2-mi fraction is discarded, whereafter the following 8-mi fraction contains the hydrolyzed '®®Re-MAGS3 (and some

radiolytic
188Re0, formed by radiotytic decomposition during

the conjugation process). This '®*Re-MAG3 can be reused immediately by adding 200 ul of

TFP-solution and 50 mg of EDC in solid form; after 30 min of incubation, repeat steps 11—20, any '®®ReO, present is removed during the Sep-pak

procedure.

times were 3.0 min (most probably a low valent oxo-'*Re spe-
cies), 3.6 min (***Re0y), 6.5 min (***Re-MAG3), 23.0 min (**Re-
MAGS3-TFP), 3.1 min (most probably a low valent oxo-"™Tc
species), 3.9 min (*™Tc0;), 9.4 min (***Tc-MAG3) and 23.4 min
(®*™Tc-MAG3-TFP).

Thin-layer chromatography (TLC) of the labeled Mabs was
performed on silica gel-impregnated glass fiber sheets (Gelman
Sciences Inc.), with a thickness of 0.3 mm, eluent 0.1 M citric acid
pH = 7. After development (5 min), the chromatograms were cut
into 1-cm segments and counted in a LKB Wallac Compugamma
(Rf Mabs = 0; Rf ['®5Re]ReO; = 1).

Labeling Protocol

A detailed protocol for labeling of Mabs with '%6Re by using the
MAG3 chelate is provided in Table 1. For the synthesis of ®™Tc-
MAGS3, simply heating at 100°C for 10 min is sufficient (step 5,
Table 1) while the presence of sulphite (step 2, Table 1) and step
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7 (Table 1) are not necessary. Consequently, only 250 ul of 1 N
H,SO, is needed to bring the pH between 5.7-6.3 (step 8, Table
1). As such, steps 1-20 (Table 1) are the standard protocol for the
9mTc labeling of Mab EA48 (1), 323A3 (13), K928 (14) and chi-
meric SF-25 (cSF-25) (15) IgG and F(ab'),, which are currently
being used in ongoing patient studies at our institute, part of which
has been published recently (6). In general, 150-250 mCi of *™Tc
are used for labeling, but higher amounts (tested up to 900 mCi)
were labeled equally effective. Also, the volume in which the
9oTcO; is added allows a great deal of flexibility. Reaction
volumes up to 8 ml did not appear to be a problem. Using 2 mg of
Mab, *™Tc-Mab is thus obtained with a total yield of 40% *+ 5%
(decay corrected), and with a radiochemical purity >97%.

In Vitro Stability Measurements
For measurement of the in vitro stability in relation to the
radiolytic decomposition '*Re- and *™Tc-labeled aliquots of
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MAGS3-TFP and MAG3-Mab, were taken from a stock solution.
For a meaningful comparison, all samples possessed the same
geometry: 0.5-ml solutions in glass vessels with an internal diam-
eter of 10 mm. As a result, the percentage of the energy escaping
from the solution or deposited in the glass is the same for each
individual isotope. Additives with the potential to retard the radi-
olytic decomposition gentisic acid (2,5-dihydroxybenzoic acid)
and ascorbic acid (3-oxo-L-gulofuranolactone) were investigated.
From these two additives, 25 mg-ml™' stock solutions were
made; to 100-ul samples (for the blank, this was 100 ul of water),
an aliquot of radioactive solution was added, whereafter saline
was used as the diluent to 0.5 ml (final concentration antioxidant
Smg-ml™Y).

Solutions of 5 mg-ml™" ascorbic acid and gentisic acid are
acidic solutions (pH 2.3). To assess the stability in 5 mg-ml™*
ascorbic acid or gentisic acid solutions at a higher pH, the solu-
tions were brought to that pH with 1 M of Na,CO, before adding
the labeled protein or ester.

TLC analysis was performed after 0.5, 1, 2, 3 and 4 hr and
subsequently every day until Day 21. HPLC analysis was per-
formed once a day.

Monocional Antibodies

Production and selection of Mab EA48 has been described pre-
viously. Mab EA8 detects a 22 kDa surface antigen, which in
normal tissue is present only in stratified squamous and transi-
tional epithelium. So far, tested Mab E48 has reacted with 90% of
the primary head and neck tumors (n = 110) and with the majority
of cells within these tumors. A comparable reactivity pattern was
observed in 26 tumor infiltrated lymph nodes from neck dissection
specimens (16). Mab JSB-1 (17) which was used as an isotype-
matched control antibody in biodistribution studies along with
323A3 (13), K928 (14) and cSF-25 (15) which were used to eval-
uate the general applicability of the '**Re-labeling procedure,
have been described in detail elsewhere. Purification of the anti-
bodies and preparation of F(ab'), fragments by pepsin digestion of
IgG has been described previously (4). Purity of whole IgG and
F(ab'), preparations was evaluated by SDS polyacrylamide gel
electrophoresis under nonreducing conditions and appeared to be
>95%. The affinity constants were 1.5 x 10'® M~! for E48 IgG
and 1.2 x 10'® M~! for E48 F(ab'), fragment as determined by
Scatchard analysis.

Radiolodination

Radioiodination of F(ab'), fragments was performed as de-
scribed by Haisma et al. (18); 500 ug of F(ab'), fragment was
mixed with 1 mCi of '*'I or '*I. After removal of unbound '*'I or
1251 (5%-10%), the radiochemical purity was 96% for Mab E48
F(ab'), and 97% for JSB-1 F(ab’),.

Immunoreactivity
In vitro binding characteristics of Mab E48 F(ab'), fragment or

IgG labeled with '3'I, ®™Tc and !®Re were determined in an
immunoreactivity assay as described by Lindmo et al. (19). In
short, UM-SCC-22B cells were fixed in 0.1% paraformaldehyde
and six serial dilutions (ranging from 5 x 10° cells per tube to 3.1
x 10° cells per tube) were made with 1% bovine serum albumin
(BSA) in PBS. Mab IgG or F(ab'), fragments labeled with 10,000
cpm of '3 and '®Re or 80,000 cpm of ®™Tc, were added to the
tubes. The samples were incubated overnight at room tempera-
ture. Excess unlabeled Mab IgG or F(ab'), fragments were added
to the last sample to determine nonspecific binding. Cells were
spun down and radioactivity in the pellet and supernatant was
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determined in a gamma counter and the percentage bound and
free radioactivity was calculated (LKB-Wallac 1282 Com-
puGamma, Kabi Pharmacia, Woerden, The Netherlands). Data
were graphically analyzed in a modified Lineweaver Burk plot and
the immunoreactive fraction was determined by linear extrapola-
tion to conditions representing infinite antigen excess. The UM-
SCC-22B squamous cell carcinoma cell line was derived from a
lymph node metastasis of a hypopharyngeal tumor and was pro-
vided by Dr. T. Carey, University of Michigan, Ann Arbor, MI
(20).

Xenogratft Line

Female nude mice (Hsd: Athymic nu/nu, 25-32 g, Harlan/CPB,
Zeist, The Netherlands) were 8-10 wk old at the time of the
experiments. The HNSCC xenograft line HNX-HN was estab-
lished by subcutaneous implantation of tumor fragments (3 x 3 x
1 mm) in the lateral thoracic region on both sides of the nude mice.
The HNSCC xenograft line had been established from a T4N2
squamous cell carcinoma of the base of the tongue from a 54-yr-
old female patient. The expression of the EA48 antigen in this
xenograft line was demonstrated previously by immunohisto-
chemistry using the biotin-avidin peroxidase technique (4).

Radioimmunoscintigraphy

Mice were killed by cervical dislocation and scanned with an
Ohio gamma camera (Sigma 410S, General Electric, Utrecht, The
Netherlands). For further analysis and production of images,
100,000 cpm were obtained and data were stored in a computer
(PDP 1134 computer system, Digital Equipment Corp., Utrecht,
The Netherlands).

Biodistribution

In vivo tissue distribution of radiolabeled Mab E48 IgG/F(ab’),
was studied in nude mice bearing the HNSCC xenograft line
HNX-HN (150-300 mm>) or in tumor-free nude mice as described
earlier (4). In short, mice were bled, killed and dissected 24 or 48
hr after intravenous injection of the radioimmunoconjugate. Or-
gans were removed, placed in 5-ml plastic tubes and weighed.
Samples were taken from blood, urine, tumor, liver, spleen, kid-
ney, heart, stomach, ileum, colon, bladder, sternum, muscle,
lung, skin and tongue. After weighing, radioactivity in organs and
tumors was counted in a LKB-gamma counter. The antibody
uptake in the tumor and other tissues was calculated as the per-
centage of the injected dose per gram of tissue (%ID - g™").

Three sets of biodistribution experiments were designed to
investigate possible artifacts introduced by the described labeling
procedures. In the first experiment, the biodistribution of '8Re-
EA8 F(ab'), was compared with the biodistribution of equimolar
amounts of *™Tc-EA8 F(ab’), to determine the influence of the
conjugation of the Re-MAGS3 to the Mab on the biodistribution
characteristics in tumor-bearing nude mice. The biodistribution of
1311.E48 F(ab’), and the 'I-labeled control Mab JSB-1 F(ab’),
was described earlier and was taken in this study as a mutual
control for the in vivo behavior of the ®*Re-labeled and *™Tc-
labeled E48 F(ab'),. In the second experiment, the influence of the
number of Re-MAG3 molecules bound per Mab molecule on the
biodistribution characteristics of E48 IgG labeled with different
numbers of Re-MAG3 molecules was determined. For a compar-
ison, the biodistribution of equimolar amounts of analogously
prepared ®™Tc-E48 IgG was determined. To avoid a differential
influence of tumors on the biodistribution characteristics of these
radioimmunoconjugates in normal tissues, this experiment was
performed using tumor-free nude mice. Finally, in the third ex-
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periment, the tumor targeting properties of '**Re-E48 IgG with a
high Re-MAG3:Mab molar ratio was determined.

In all experiments, the ™Tc-labeling was performed with the
same amount of chemical ingredients as with the corresponding
186Re labeling; both according to the protocols described above.
For each experiment, the exact chemical conditions and '%6Re:
Mab molar ratios are given in the legend of the corresponding
figure.

RESULTS
Chemistry

In the solid-phase synthesis as outlined in Table 1 and
Figures 1 and 2, ["**Re]ReO; was reduced by SnCl, at a
pH of 11.7 in the presence of Na,SO; and S-benzoyl-
MAGS3 to give more than 90% of the '®Re-MAG3. The
186Re-MAGS3 yield appeared highly dependent on the heat-
ing procedure applied When the reaction mixture was
heated for 10 min at 100°C, conditions suitable for high-
yield ®™Tc-MAGS3 synthesis, the yield of '**Re-MAG3 was
found to be <1%. This yield did not increase upon pro-
longed heating. When the solvent of the reaction mixture
was evaporated at 100°C under a stream of N, until dry and
heating was continued, **Re-MAG3 formation occurred.
In this solid-phase synthesis a yield of 90% or more *Re-
MAGS3 was obtained within 15 min. Once formed, '*Re-
MAGS3 is a stable compound in aqueous solution. Under
the reaction conditions described in the protocol (Table 1),
the esterification is nearly quantitative. As a result, 80% +
5% pure ester was obtained after the Sep-pak purification
procedure, the experimental set-up of which is outlined in
Figure 2. In a reaction volume of 2.5 ml, the conjugation
yield was 50% + 5% when using 2 mg Mab IgG or F(ab’),,
but was found to be higher when using increasing amounts

0 o
o nu'_-‘u 0, vm
-
’E J "GRQOQ; SnCly ( b‘; j
s PH=1 s n
|
C c_.o C—O
7
Cems”8 & o
eoc | R
pH:=68
OH
F F
0
& 0
o ol Non
R, &=
o
9.5
s' \" Qo 9" sl \" \o £ ¢
kc—'m—'Ab‘ -@
[] l
o o
F F

FIGURE 1. Schematic presentation of the solid phase synthesis
of ®Re-MAGS3, its esterification and conjugation to Mabs. For de-
scription of the synthesis routings see Table 1 and Figure 2.
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FIGURE 2. Schematic presentation of the experimental set-up
for aseptical labeling of Mabs with ®*™Tc or ®®Re. For description of
the synthesis routings see Table 1.

of protein in the same reaction volume (e.g., 75% with 8-10
mg of IgG).

Depending on the amount of protein used, the overall
yield was 40%-60%. The major proportion of isotope loss
is caused by the hydrolysis of '*Re-MAG3-TFP at a pH of
9.5 during the antibody conjugation step. However, '®Re-
MAGS3 formed in this way can be recovered from the
PD-10 column and be reused immediately by adding 200 ul
of TFP solution and 50 mg of EDC in solid form. After a
30-min incubation, steps 11-20 of the protocol can then be
repeated for another batch of ®Re-labeled antibody.

The concentrations given in the protocol are the stan-
dard concentrations used in the ®™Tc labeling of Mabs,
and can be applied for Re up to 30 nmole. When using
higher nanomole amounts of Re, optimal '*Re-MAGS3 for-
mation was obtained when taking the molar ratios S-ben-
zoyl-MAG3:Re as 2.3:1 and Sn**:Re as 8.0:1. For optimal
esterification, no adjustments to the standard protocol,
provided by Table 1, are necessary due to the high excess
of EDC and TFP. As an example, for a '%Re-MAG3-TFP
preparation with 800 nmole of ['**Re]ReOQ;, 1840 nmole of
S-benzoyl-MAG3 and 6400 nmole of Sn?*, the yield was
routinely 80%. The addition of 8-10 mg of Mab E48,
323A3, K928 or cSF-25 to this '**Re-MAG3-TFP prepara-
tion gave 7-8 Re-MAG3 molecules per Mab molecule with-
out in vitro denaturation of precipitation of the protein. As
expected (9), the addition of cysteine or desferal as “‘chal-
lenging”’ agent, did not affect the label.

In Vitro Analysis

Considering that '*Re is a strong beta-emitter, the
185Re-MAG3-Mab conjugate appeared to be fairly stable at
a low radioactivity concentration; e.g., for a '®Re-MAG3-
EA8 IgG preparation, 0.12 mCi-ml~! (0.6 mg Mab-ml™!,
Re:IgG molar ratio 0.5:1), after 2, 24 and 120 hr at room
temperature, the percentage of protein-bound '®Re was
95.3%, 91.0% and 82.8%, respectively (TLC analysis). The
effect of radiolytic decomposition was more prominent at
higher radioactivity concentrations as demonstrated in
Table 2 for a !Re-MAG3-E48 IgG preparation, 2.5
mCi-ml~" (1.16 mg Mab - ml~!, Re:Mab molar ratio 3.5:1).
At 24 and 120 hr, the percentage of protein-bound '*Re
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TABLE 2
Stability of '%Re-MAG3-E48 IgG in 0.9% NaCl With or Without Ascorbic Acid or Gentisic Acid

% protein bound '®Re
4hr 24 hr 65 hr 96 hr 120 hr 144 hr 21 days
0.9% NaCl 90.2 65.3 290 17.0 10.7 75 —
+ gentisic acid (pH = 2.3) 956 94.1 935 926 924 924 90.5
+ ascorbic acid (pH = 2.3) 952 90.7 838 80.0 78.0 75.0 65.2
+ ascorbic acid (pH = 3.5) 95.7 94.7 938 92.7 925 920 86.6

The '®®Re-labeled protein was added to ascorbic acid and gentisic acid 45 min after end of synthesis. At that time, 96% of the '°®Re activity was
protein-bound. The pH of the solution in the presence of Mab E48 has been indicated. Percentage protein-bound '®®Re was assessed by TLC
analysis. Final radioactivity concentration: 2.5 mCi- mi~* (1.16 mg Mab - mi~', Re:Mab = 3.5:1, specific activity '*Re 92.3 uCi - nmole~' Re). Final

antioxidant concentration: 5 mg - mi~*

was 65.3% and 10.7%, respectively. The effects of the
presence of the antioxidants gentisic acid or ascorbic acid
(final concentration 5 mg- ml~!) under the same geometric
conditions are also shown in Table 2. The antioxidative
capacity of gentisic acid appeared to be strongly pH de-
pendent. Although gentisic acid was found to be protective
at a pH of 2.3, it became destructive at physiological pH
and within 24 hr, all '*Re was detached from the protein.
In contrast, ascorbic acid still possessed protective capac-
ity at physiological pH (half-life of the '®Re-Mab bond was
4.5 days). The optimal antioxidative capacity of ascorbic
acid was found to be at a pH of 3.5. Detachment of *Re
from the protein was a consequence of reoxidation of the
chelated '®Re. HPLC analysis of the '®*Re-MAG3-TFP
ester under aforementioned conditions revealed '*°ReQ;
formation. For the 'Re-MAG3-TFP ester stored in saline
after the Sep-pak procedure (i.e., free from SO3~ and
Sn?*), a 75% '®ReO; formation had taken place within 92
hr. In the presence of gentisic acid or ascorbic acid, this
percentage was 11.0% and 11.9%, respectively, while again
gentisic acid at physiological pH appeared to be destruc-
tive. It is of note that for the ™ Tc-MAG3-TFP ester in a
radioactivity concentration of 40 mCi-ml~!, exactly the
same phenomenon was observed. In saline, 19% *™TcO;
formation had taken place after 45 hr in the presence of
gentisic acid or ascorbic acid (5% in both cases). Also for
#mTc, gentisic acid was found to be destructive at physi-
ological pH.

Dose calculations show that for relatively short time
periods (1 day), addition of ascorbic acid to a final concen-
tration of 5 mg - ml™! is sufficient for protection against
radiolytic decomposition. For example, a solution consist-
ing of 9.7 mCi-ml~! (2 mg Mab - ml~?, Re:Mab molar ratio
of 7.3:1), which had lost 6% of the label within 20 min (from
98% to 92%), only lost 0.9% of the label during the next 4
hr after addition of ascorbic acid, while after 24 hr, 89% of
the label was still protein bound. After 3 days this percent-
age was 75%. A corresponding sample without ascorbic
acid showed almost complete loss of protein label at that
time. On the basis of these results, collection of the '®Re-
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labeled Mab preparation in ascorbic acid was made part of
the technical protocol.

The immunoreactive fractions of '%Re-labeled, *™Tc-
labeled or '*'I-labeled E48 IgG and F(ab’), fragments at
infinite antigen excess were >95% in all experiments. This
also holds true for '3Re-immunoconjugates with the high-
est Re:Mab molar ratios prepared in these experiments,
corresponding with seven to eight Re-MAG3 molecules per
Mab molecule, as assessed for Mab E48, 323A3, K928 and
cSF-25. These data indicate that upon coupling of '*Re-
MAG?3, Mabs fully retain their binding potential.

Biodistribution Studies

Maintenance of biodistribution characteristics after cou-
pling of '®Re to Mab E48 was investigated in biodistribu-
tion studies with '®Re-labeled Mab E48 F(ab'), in tumor-
bearing nude mice. To this end the biodistribution of
analogously prepared '®6Re-labeled and *™Tc-labeled E48
F(ab’),, and of '3'I-labeled E48 F(ab'), prepared via the
iodogen method, was compared in nude mice bearing the
HNSCC xenograft line HNX-HN. Mice received either
10 uCi of '%Re-E48 F(ab'), (Fig. 3A), 70 uCi of *™Tc-E48
F(ab'), (Fig. 3B), 10 uCi of *'I-E48 F(ab'), (Fig. 3C) or
10 1Ci of '*I-JSB-1 F(ab'), control antibody (Fig. 3D). The
biodistribution data at 24 hr after injection reveal a similar
high and selective accumulation of Mab E48 F(ab’), in the
tumor but not in any other or§an, irrespective whether
labeled with *Re, ®™Tc or 'I. The %ID-g™"! in the
tumor was 9.27 + 0.58, 9.37 + 0.60 and 7.22 + 1.07 for E48
F(ab’), labeled with '®Re, ®™Tc and I, respectively.
Uptake in other organs did not exceed 1%. Control '*I-
labeled F(ab'), did not show any specific accumulation in
the tumor (Fig. 3D). Mice injected with 1%Re-E48 F(ab’),
were scanned with a gamma camera 24 hr following intra-
venous injection. Figure 4 shows a representative immu-
noscintigraphic image with isotopes localizing in the two
xenografts only.

The biodistribution characteristics of *Re-E48 IgG in
nude mice were studied in relation to the number of Re-
MAGS3 molecules attached to the antibody. Radioimmuno-
conjugates with either a low Re-MAG3:Mab molar ratio of
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FIGURE 3. Biodistribution of radiolabeled E48 F(ab’), in HNSCC-bearing nude mice. (A) 10 uCi of '%Re-, (B) 70 xCi of *™Tc-, (C) 10
uCi of '3'1-E48 F(ab'),, (D) 10 uCi of '5|.JSB-1 F(ab’), control antibody. At 24 hr following intravenous injection, mice (n = 4) were bled,
killed, dissected and the %ID - g~ was calculated. Tu = tumor; Blo = blood; Li = liver; Sp = spleen; Ki = kidney; Co = colon; and Ste =
stemum. Uptake in organs not shown did not exceed 1%. Starting chemical conditions: 27.9 nmole ['®®Re]ReO, (spec. act. 36.9
uCi-nmole~! Re); 68 nmole S-benzoyl-MAG3; 442 nmole Sn*; 2 mg E48 F(ab’),; final labeling resutt 203 uCi- mg~' Mab (molar ratio
Re:Mab = 0.55:1). For #*Tc the same S-benzoy-MAGS3, Sn?* and E48 F(ab’), amounts were used.

0.95:1 or a high molar ratio of 7.17:1 were injected intra-
venously at a dose of 27 and 230 uCi, respectively, into
tumor-free nude mice. Mice receiving the **Re-conjugates
were killed 24 hr after injection. Tumor-free nude mice
were used to avoid variability in biodistribution introduced
by the tumor. The amount of '®Re activity delivered by the
conjugates with low and high Re-MAG3:Mab molar ratio
to the various organs, expressed as the average percentage
of radioactivity of the %ID - g™, is shown in Figure 5A. No
obvious differences were found between distribution of the
conjugates with low and high Re-MAG3:Mab molar ratios
and no selective accumulation of '®Re in any particular
organ was observed. The biodistribution of '®Re-conju-
gates appeared to be similar to the biodistribution of *™Tc-
conjugates prepared starting with the same S-benzoyl-
MAGS3, Sn** and Mab E48 IgG amounts and tested in a
separate set of experiments (Fig. 5SB).

The tumor-targeting properties of '®Re-E48 IgG with a
high Re-MAG3:Mab molar ratio were determined by in-
jecting tumor-bearing nude mice with 200 Ci of '%Re-E48
IgG. At 48 hr after injection, mice were killed and biodis-
tribution of the radioimmunoconjugate was determined
(Fig. 6). At this timepoint, 10.4 %ID-g~! was localized in
tumor, while only 2.8 %ID-g~! localized in the blood. In
all other tissues, the %ID-g~! did not exceed 1.2%.

Rhenium-186-Labeled Mabs for Radicimmunctherapy  Visser et al.

106Re-E48 F(ab)2 ,NX-BMN

FIGURE 4. Whole-body scintigraphic image of a nude mouse
bearing two subcutaneous HNX-HN xenografts in the flanks. Images
were taken 24 hr following intravenous injection of 20 uCi of '®Re-

E48 F(ab’),. Weight of the xenografts: left: 269 mg; right: 581 mg.
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FIGURE 5. Biodistribution of '°Re-E48 IgG labeled with different numbers of '®*Re-MAG3 molecules per Mab molecule and their
corresponding *®™Tc-conjugates in tumor-free nude mice. (A) 230 uCi of '*Re-E48 at a Re:Mab molar ratio of 7.17:1 (black bars),
compared to 27 uCi of 1®®Re-E48 at a molar ratio of 0.95:1 (open bars), (B) 452 uCi of ®™Tc-E48 (black bars) compared to 53 uCi of
%9mTc-E48 (open bars) starting from the same amounts of S-benzoyl-MAG3, Sn?* and E48 IgG. At 24 hr following intravenous injection,
mice (n = 4) were bled, killed, dissected and the %ID - g~ was calculated. Blo = blood; Li = liver; Sp = spleen; Lu = lung; Mu = muscle;
Ki = kidney; He = heart; Co = colon; Il = ileum; Sto = stomach; Bla = bladder; Ste = stemum; To = tongue; and Sk = skin. Starting
chemical conditions: 347 nmole ['®®Re]ReO; (spec. act. 54.3 uCi - nmole~' Re); 806 nmole S-benzoyl-MAGS3; 2.54 umole Sn?*. At step
18, after dissolution in 0.9% NaCl, the activity was divided in two samples in a ratio of 8:1 and each sample was conjugated to 2 mg E48
IgG (steps 19, 20). Final labeling result Re-"high": 2.57 mCi- mg~! Mab (Re:Mab = 7.17:1); Re-"low": 336 uCi- mg~' Mab (Re:Mab =

0.95:1).

In all '®Re-Mab biodistribution experiments described,
TCA precipitation of serum samples revealed that 24 hr
after injection, more than 95% of the '%Re was still protein
bound. This percentage did not change during subsequent
storage for 10 days at 4°C.

DISCUSSION

Recent data from an ongoing Phase I/II trial with intra-
venously administered *™Tc-labeled Mab E48 F(ab’), and
IgG in patients with HNSCC indicate that both are highly
capable of detecting metastatic and recurrent disease (6).
Moreover, Mab E48 was shown to be capable of eradicat-
ing HNSCC xenografts grown in nude mice when labeled
with 3] (5). As outlined in the introduction, the efficacy of
radioimmunotherapy of head and neck cancer may im-
prove when '®Re-Mab conjugates become available.

In this paper, a reproducible labeling procedure leading
to stable and sterile radioimmunoconjugates of Mab E48
with '®Re using S-benzoyl-MAGS3, the precursor of ®™Tc-
MAGS3 used for renal function measurement, is provided in
detail. High Re:Mab molar ratios were obtained without
impairment of the immunoreactivity or biodistribution
properties of the conjugate. For Mab 323A3, K928 and
cSF-25 labeled to the same high Re:Mab molar ratio, a
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similar in vitro stability and retention of immunoreactivity
was observed, indicating the general applicability of this
labeling procedure (data not shown).

The labeling procedure described in this paper stems
from a method developed by Fritzberg et al. (9,10) in
which an active ester of TFP and N,S,-pentanoate carrying
the radioisotope is prepared and then conjugated to amino
groups of the antibody. When using the MAG3 chelator,
the reported (9,10) reaction conditions to obtain *™Tc-
MAGS3 and its corresponding ester appear to give low and
irreproducible yields. Optimal and reproducible yields
were obtained when Sn’* was used as reducing agent in-
stead of S,02~ while the preparation of *™Tc-MAG3-TFP
was performed at pH 5.7-6.3 in the absence of phosphate
buffer, and at room temperature instead of at 75°C. The
presence of phosphate ions was found to retard the rate of
esterification.

Technetium-99m-MAGS3 conjugates of Mab EA48, 323A3,
K928, cSF-25 F(ab'), and IgG prepared in this way have
been administered (750 MBq, 1 mg) to 40 head and neck
cancer patients. The labeling procedure appeared to be
highly reproducible and resulted in radioimmunoconju-
gates of constant quality. Of the conjugates prepared for
these studies, TLC analysis of serum samples taken up to
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FIGURE 6. Biodistribution of 200 .Ci of 1%®Re-E48 IgG labeled at
a Re:Mab molar ratio of 7.35:1 in nude mice bearing HNSCC xe-
nografts. At 48 hr following intravenous injection, mice (n = 4) were
bled, killed, dissected and the %ID - g~ was calculated. Tu = tumor;
Blo = blood; Li = liver; Sp = spleen; Lu = lung; Mu = muscle; Ki =
kidney; He = heart; Co = colon; Il = ileum; Sto = stomach; Bla =
bladder; Ste = stemum; To = tongue; and Sk = skin. Starting
chemical conditions: 782 nmole ['®Re]ReO, (spec. act. 77.3
uCi-nmole~' Re); 1792 nmole ; 5.8 umole Sn2*;
8.9 mg E48 IgG. Final labeling result: 3.75 mCi- mg ™" igG (Re:Mab
= 7.35:1).

24 hr after injection revealed that >95% of the *™Tc was
protein bound. HPLC analysis of these serum samples
revealed that the protein-bound radioactivity was confined
to the Mab. Reanalysis after storage at 4°C for 24 hr gave
the same result, affirming that this conjugation method
does not give transchelation (9). As determined by the
modified Lineweaver-Burk plot, the immunoreactive frac-
tion before injection was consistently >0.70, while the
radioimmunoconjugates retained full binding capacity up
to 24 hr after injection.

Although the chemistry of corresponding 4d and 5d met-
als is often similar, the reaction conditions to form the
corresponding compounds are different in most cases
(21,22). The MAG3 complexes of *™Tc and '®Re form a
good example of this difference. While *™Tc-MAGS3 is
formed within 10 min of heating at 100°C in water, '*Re
only forms its '%Re-MAG3 complex after removal of all
water molecules. With the Re concentrations used in this
study (25-800 nM), it appeared that this could easily be
accomplished by heating for 15 min after evaporation of the
water.

For reproducible labeling results, the presence of SO~
before the addition of S-benzoyl-MAG3 and Sn** is re-
quired. Aqueous ['®Re]ReQ] solutions suffer from the
““aging’’ process. A variety of highly reactive radicals and
H,0, are formed, possibly up to micromole amounts, due
to the intense radiation (e.g., a 1-ml solution of 200 mCi of
['®Re]ReO; assuming that all beta particles are absorbed
in the solution, has obtained a dose of 3400 krads after 1
day). The amount of reactive species present in the
['®Re]ReO; solution to be used for labeling will vary with
and depend on the amount/concentration of activity and

Rhenium-186-Labeled Mabs for Radioimmunoctherapy © Visser et al.

the time delay between production and use for synthesis.
Consequently, oxidation of sulphur atoms of the added
MAGS3 and consumption of Sn** ions necessary for the
reduction of '*Re will be variable and possibly complete.
The large excess of SO3~ does not affect the '*Re-MAG3
formation and is washed away during the Sep-pak proce-
dure.

Once formed, the '*Re-MAG3 complex is a stable com-
pound in aqueous solution, i.e., at low specific activities
and low radioactivity concentration. “In vitro stability”’ is
often a vague description of a very complex situation. For
%mTc it can be calculated that about 2% of the total energy
is deposited in the solution. At low radioactivity, this forms
no problem with respect to radiolytic decomposition since
#mTc is nearly carrier-free. At high radioactivity, this
amount cannot be neglected. However, often reducing ad-
ditives like Sn?* or beta mercaptoethanol are still present
in the solution because a postpurification step was not
carried out or the Mab contains internal reducing groups
(SH-groups generated by the Schwartz or pre-tinning
method) (23, 24). For '®Re the amount of energy deposited
in the solution is several orders of magnitude higher than
for ®™Tc. As a result, the in vitro stability or speed of
radiolytic decomposition of a **Re-protein bond is a func-
tion of the specific activity (with the same dose at low
specific activity, the '®Re compounds seem to be rela-
tively more stable because more '®°Re atoms are reoxi-
dized), the dose (the radioactivity concentration), time de-
lay (““aging” of the solution), the pH (25), the presence of
other oxidizable groups (the Mab concentration or added
HSA) (26,27), and finally the presence of other constitu-
ents of the solution to produce secondary reactive species
(e.g., when phosphate ions were present we observed a
faster radiolytic decomposition). So although there are un-
doubtedly differences in rates and redox chemistry of
%mTc and '®6Re (21, 22, 28), these subtle differences are not
the main reason why lower valent '®Re compounds are
apparently more easily reoxidized than their corresponding
%mTc compounds. The main reason lies in their differences
in decay properties and their concomitant radiolytic de-
composition. In this study, the use of antioxidants was
shown to suppress the radiolytic decomposition. Addition
of ascorbic acid or gentisic acid at a low pH ensures the
stability of '3Re-MAG3-Mab when stored in vitro until
injection. In contrast to ascorbic acid, gentisic acid at a
physiological pH caused rapid detachment of '*Re from
the protein. On the basis of these results we prefer to add
ascorbic acid, which is a safe agent for parenteral admin-
istration, to '®Re-MAG3-Mab prepared for in vivo appli-
cation. The mixture of dissociated and undissociated
ascorbic acid molecules at a pH of 3.5 apparently is the
most effective antioxidative additive.

After injection of the '®*Re-MAG3-Mab into nude mice,
no free '®Re could be detected as became apparent after
TCA precipitation of serum samples directly after bleed-
ing. Even after prolonged storage of these samples no free
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186Re could be detected, indicating the stability of the con-
jugate in serum.

From the three sets of biodistribution experiments de-
scribed here, it can be concluded that when using the
aforementioned '%Re labeling procedure, the intrinsic be-
havior of the antibody molecule is not obscured by label,
chemistry or concentration related artifacts: (1) the tumor
targeting capacity of '®Re-E48 F(ab'),, prepared with
S-benzoyl-MAG3, Sn** and E48 F(ab'), amounts that are
used routinely in the *™Tc protocol for patient studies was
comparable to that of analogously labeled *™Tc-E48
F(ab'), and to that of *'I-E48 F(ab'),; (2) biodistribution
characteristics and immunoreactivity did not alter for
1865Re-E48 IgG conjugates when the Re-MAG3:Mab molar
ratio was increased to 7.3:1; and (3) these latter conjugates
also appeared highly capable to selectively target HNSCC
xenografts in a way similar to '*'I-E48 IgG as shown in
previous studies (3,5).

One aspect that might need further investigation is the
observation that '®Re-conjugates appear to show a slightly
faster blood clearance than their corresponding c-con-
jugates (Figs. 3 and S). This phenomenon might originate
from interexperimental variability (e.g., the use of a differ-
ent batch of mice or different xenograft passages). How-
ever, it might be that this slightly faster blood clearance of
the '®Re-conjugates is a reflection of subtle differences in
susceptibility to catabolic processes in the in vivo situa-
tion. Therefore, experiments in which '®Re-labeled and
9mTc-labeled E48 are compared directly upon coinjection
in nude mice are currently being initiated.

Several methods for coupling ™Tc to Mabs have been
described (29-33). Besides methods for indirect coupling,
methods for direct coupling are also used successfully in
clinical immunoscintigraphy studies. Whether or not direct
labeling methods will be suitable for preparation of '*Re-
Mab conjugates to be used for clinical RIT studies is ques-
tionable in view of the reported in vivo instability of di-
rectly labeled '®Re as well as '*®Re-labeled Mabs (26,34).
Also, it can be anticipated that for clinical application of
directly '%Re-labeled Mabs the Re:Mab ratio should be
higher than the 1.34:1 that was recently reported by Grif-
fiths et al. (26). Now that *™Tc-Mab imaging is a clinical
option for identifying '®Re therapy candidates and con-
ducting dose calculations, we believe that the direct
method for coupling is not the method of choice.

Methods for indirect labeling of '®Re have also been
reported by others. Najafi et al. described a method for
185Re labeling using a N,S, chelate precoupled to the pro-
tein (27,35). In contrast to the method used here in which
the radiolabeled chelate is conjugated to amino groups of
Mabs, in this procedure the chelate is coupled to the Mab
via a disulfide bond. Although these bonds are potentially
less stable in the presence of cysteine or SH-groups of
proteins, Najafi et al. showed that Mabs labeled in this way
were capable to eradicate tumors in nude mice (27).
Whether this labeling procedure will have a value for gen-
eral application of '*Re is not clear. Also in this case it can

1962

be anticipated that for clinical application the N,S,:Mab
molar ratio should be higher than the 1:1 molar ratio used.
Higher molar ratios probably make the pre-coupled protein
susceptible to aggregate formation.

Goldrosen et al. (12) described coupling of '%Re to N,S,
or N,S chelate esters via transchelation at a pH of 3 in the
presence of Sn?* and isopropanol at 95°C. As already men-
tioned in the introduction, for the MAG3 chelate this pre-
ester method was found to be inconvenient due to rapid
hydrolysis of the ester bond under these circumstances.

Rhenium-186-Mab conjugates prepared by this pre-ester
method using the N,S butyrate chelate have been evalu-
ated in animal radioimmunotherapy studies in tumor-bear-
ing nude mice (36), as well as in a clinical radioimmuno-
therapy trial by Breitz et al. (37). In an editorial
accompanying this latter paper, Goldenberg and Griffiths
pose some doubts about the clinical utility of the '®Re
chemistry developed by this group (38). For administration
of 40-300 mCi of '®Re, 36 to 47 mg of Mab were used.
Assuming the use of '®Re with a specific activity of 2.5
Ci-mg™!, Goldenberg and Griffiths calculated that two to
three Re-MAG,-GABA chelates had been coupled to each
antibody molecule. They argued that when using commer-
cially available '3Re, which has a lower specific activity
(900 mCi-mg~', NEN Dupont, N. Billerica, MA), more
antibody will be required than in the study of Breitz et al.,
thereby limiting the more general application of this label-
ing technique.

From a chemical point of view, the pre-ester method,
implying a one-pot reduction, transchelation and conjuga-
tion, is less flexible than the prelabeled chelate approach
with respect to the integrity of the ester bond and the
antibody. The latter method allows a variety of chemical
adjustments in chelation conditions before esterification,
while the Sep-pak purification step removes all potentially
disturbing chemical ingredients before conjugation. In
view of the high Re-MAG3:Mab molar ratios of 7-8:1 that
could be realized in this way without apparent impairment
of the intrinsic behavior of the Mab, we regard the specific
activity of '®Re not necessarily a restrictive factor any
longer. For administration of 300 mCi of ®*Re-E48 IgG,
186Re with a specific activity of 900 mCi-mg™' can be
coupled to 36 mg of Mab, the same amount as administered
in the study of Breitz et al. in which '®Re of high specific
activity was used. Obviously, the amount of antibody
needed will be less when '3Re of high specific activity
becomes available more generally.

Applying the label strategies described in this paper,
initial therapy experiments with '®Re-labeled Mab E48
IgG in nude mice bearing established HNSCC have been
started. Preliminary results indicate that '3°Re-conjugates
of Mab E48 are better suited to eradicate HNSCC xe-
nografts than *'I-conjugates. Using a single bolus injection
of 400-600 uCi of *Re-labeled Mab E48 IgG, all tumors
regressed while 36% of the tumors showed complete re-
mission without regrowth during follow-up (>4 mo). We
feel that the synthesis as outlined in the technical protocol
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is an important step in our aim to end up with an effective
adjuvant radioimmunotherapy strategy for a group of
HNSCC patients, who are at risk of developing distant
metastases. Reaching the phase of routine clinical applica-
tion, coupling of high doses of '®Re to Mabs as schemat-
ically presented by Figure 2 can be easily automated in a
way that recently has been realized at our institute for the
synthesis of *FDG.
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