
In Vivo and In Vitro Characterizations of Three
99mTc-LabeledMonoclonal Antibody

G250 Preparations
Martijn G. Steffens, Egbert Oosterwijk, Marion H.G.C. Kranenborg, Jeroen M.B. Manders, Frans M.J. Debruyne,
Frans H.M. Corstens and Otto C. Boerman

Departments of Urology and Nuclear Medicine, University Hospital Nijmegen, Nijmegen, The Netherlands

In previous clinical studies, excellent visualization of tumor
lesions has been observed with 131l-labeledmonoclonal antibody

(mAb) G250 in patients with renal cell carcinoma (RCC). In
several cases, 131l-cG250immunoscintigraphy disclosed tumor

lesions that were not visualized by radiography or CT.To improve
image quality, we aimed to develop a 99mTc-labeledmAb G250

preparation for radioimmunodetection of RCC. We studied in
vitro stability, biodistribution and imaging potential of three
"To-labeled G250 preparations in nude mice with subcutane
ous RCC xenografts.'25l-G250 and the nonspecific mAb 131I-

MN14 were used as control antibodies. Methods: The mAb
G250 was labeled with 99mTcaccording to three methods using:
(a) S-hydrazinonicotinamide (HYNIC), (b) S-benzoylmercapto-
acetyltriglycine (MAG3) and (c) a direct labeling method (Schwarz
method). The stability of all preparations was tested in serum at
37Â°Cduring 48 h. In addition, diethylenetriamine pentaacetic

acid, cysteine and glutathione challenge assays were performed.
Results: All preparationsshowed good stabilityin serum during
the 48-h incubation period. 99mTc-G250(Schwarz) showed re
lease of the radiolabel at a 100-fold or higher molar excess of
cysteine and at a 10,000-fold or higher molar excess of glutathi
one. 99mTc-MAG3-G250showed release of the radiolabel at a
10,000-fold molar excess of cysteine. 99mTc-HYNIC-G250was

stable under all conditions. Tumors were clearly visualized with
all preparations. 99mTc-G250 (Schwarz) showed significantly

lower blood levels (3.8 %ID/g) compared with all other prepara
tions (11.2, 13.4 and 13.4 %ID/g for 99mTc-HYNIC-G250,99mTc-
MAG3-G250 and 125I-G250,respectively, 48 h postinjection). At
48-h postinjection, mean tumor uptake was very high with all
mAb G250 preparations: 92.4 (MmTc-HYNIC-G250),125.9 (99mTc-
MAG3-G250), 29.4 (MmTc-G250Schwarz) and 75.4 (125I-G250)
%ID/g. Mean tumor uptake of the nonspecific 131I-MN14mAb
was 6.6 %ID/g. Conclusion: In this study, 99mTc-HYNIC-G250

showed excellent in vitro stability and tumor targeting. Moreover,
this preparationcould be labeledwith high efficiency (>95%) at room
temperature within 15 min. Therefore, 99mTc-HYNIC-G250seems to

be an ideal candidate for radioimmunodetectionof RCC.
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cell carcinoma (RCC) is the most common
malignant disease of the adult kidney. It accounts for 12,000
RCC-related deaths per year in the U.S. (7). About one third

of all patients present with metastatic disease at the time of
diagnosis, and mÃ©tastaseswill develop in another 40%,
usually within 1 y (2). The 5-y survival rate for these patients

is <10%, and the median survival time is <2 y (2). The
treatment of choice for patients with localized disease is
radical nephrectomy. Treatment of mÃ©tastasesis more likely
to be effective in patients with minimal residual disease.
Thus, for both localized and metastatic disease, accurate
staging and early detection of mÃ©tastasesare issues of
growing importance in the management of patients with
RCC.

The routine work-up for patients with primary RCC

usually consists of CT scans of the thorax and the abdomen.
However, the sensitivity and specificity of CT are limited,
and the interpretation of abnormal findings is sometimes
difficult. In particular, the distinction between benign, reac-
tively enlarged regional lymph nodes and lymph-node
mÃ©tastasesis often cumbersome. In general, radioimmunos-

cintigraphy has shown excellent sensitivity and specificity in
the detection of various tumors (3). Such a functional
imaging modality may prove to be a useful addition to the
standard work-up of patients with cancer (4). In previous

clinical studies, we observed excellent visualization of
tumor lesions with I3ll-labeled chimeric monoclonal anti

body (mAb) cG250 in patients with RCC (5). In a recently
completed phase I radioimmunotherapy trial, l3'I-cG250

immunoscintigraphy disclosed tumor lesions that were not
visualized by CT (6). For instance, in one patient, a hot spot
in the brain was found on the BII-cG250 immuno-

scintigrams, but was not visualized on a subsequent CT scan
of the brain. In two other patients, a total of three suspected
bone lesions were found that were not visualized by planar
radiography. After 3 mo of follow-up, all four suspected

lesions were confirmed radiologically (unpublished data).
"mTc has ideal characteristics for scintigraphic imaging

(140-keV -y-Ã©mission,tm = 6 h), and there has been much

interest in the use of this isotope for antibody-mediated
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imaging. Therefore, instead of using I3II, we aimed to
develop a "Tc-labeled mAb G250 preparation for radioim-

munodetection of RCC.
Various techniques have been developed to label antibod

ies with "Te. These techniques can be divided into three

main categories: direct labeling, the preformed chetate
approach and the indirect labeling approach (7). The direct
labeling method makes use of reduced disulnde bonds of the
protein, which are then reacted with "mTc. Although direct

labeling is easy to carry out, the radiolabel linked to the
antibody often shows significant instability. The preformed
chelate approach involves formation of a WmTc complex

with a bifunctional chelating agent (BFCA). In a separate
step, the "Tc-BFCA complex is then conjugated to a

protein or a peptide (hot conjugation). In general, this
technique leads to more stable products than the direct
labeling method, but it is quite complex and time-

consuming. In the indirect labeling approach, a BFCA is first
conjugated to a protein or a peptide, followed by radiolabel-

ing of this complex at a later time point (cold conjugation).
Of all three approaches, indirect labeling seems the most
practical. After the conjugation step, the product can be
stored (kit formulation), and it combines well-defined chem

istry with the ease of a direct labeling method (7).
In this study, we compared the stability, the biodistribu-

tion and the imaging characteristics of three "mTc-labeled
G250 preparations. The mAb G250 was labeled with "mTc
according to three methods using: (a) S-hydrazinonicotin-
amide (HYNIC) (indirect labeling), (b) S-benzoylmercapto-

acetyltriglycine (MAG3) (preformed chelate approach) and
(c) a direct labeling method, as described by Mather and
Ellison (8). The latter procedure is generally referred to as
the so-called Schwarz method.

MATERIALS AND METHODS

Murine Monoclonal Antibodies G250 and MN14
The generation, characteristics and reactivity of murine mAb

G250 (IgGl) have been described previously (9). Briefly, mAb
G250 is reactive with the antigen G250, which is expressed in all
clear cell RCCs and in the majority of non-clear cell RCCs.

Expression in normal organs is restricted to the gastric mucosal
cells and the larger bile ducts. Recently, the G250 antigen has been
cloned and was found to be homologous with the MN antigen,
which is expressed in cervical carcinomas (10). The anticarcinoem-

bryonic antigen mAb MN14 (IgGl) (11), not reactive with the
G250 antigen, was used as a control antibody.

Nude Mouse Tumor Model
The NU-12 RCC xenograft was established from a primary

tumor by serial subcutaneous transplantations in nude mice (12).
Tumor pieces were transplanted subcutaneously into the right
flanks of 6-wk-old BALB/c nu/nu mice. Experiments were initiated

8 wk after inoculation.

Conjugation, Radiolabeling and Quality Control
The conjugation of HYNIC with the mAb G250 was carried out

as described by Abrams et al. (13). Briefly, 1-nL portions of a
HYNIC-dimethylsulfoxide solution ( 17.2 mg/mL) were added to a

mAb G250 solution (10 mg/mL), leading to a final molar ratio of
1.5:1 (HYNIC/mAb G250). The reaction mixture was stirred
continuously and incubated for l h at room temperature. The
HYNIC-G250 conjugate was dialyzed extensively against 0.15-

mol/L Na acetate buffer (pH 5.9) and subsequently stored at
-20Â°C. The HYNIC-G250 conjugate (0.2 mg mAb G250) was

labeled with "mTc using meine as a coligand (15 min at room

temperature, 600 MBq, labeling efficiency >95%). The specific
activity of the final product was 2775 MBq/mg mAb G250.

The labeling of the MAG3 chelate with "mTc and the conjuga

tion of the radioactive chelate with the mAb G250 were carried out
essentially as described by Fritzberg et al. (14), with modifications
described by Visser et al. (75). Briefly, 80 nmol MAG3 were
labeled with 2775 MBq 99mTc(10 min, 100Â°C).After derivation of

MAG3 with 2,3,5,6-tetrafluorphenol (TFP) (100 mg/mL in MeCN/
H2O 9:1), the "mTc-MAG3-TFP was purified on a Sep-Pak C18

cartridge (Waters, Milford, MA) and subsequently reacted with 200
ug mAb G250 (2 ug/uL) at a pH of 9.5. The "mTc-MAG3-G250
immunoconjugate was then purified in a PD-10 column (Pharma

cia, Woerden, The Netherlands). Conjugation efficiency was 50%,
resulting in a specific activity of 2220 MBq/mg mAb G250.

Directly labeled 99mTc-G250 was produced as described by

Mather and Ellison (8) (Schwarz method). Briefly, disulfide bonds
of the mAb G250 were reduced using 2-mercaptoethanol (2-ME) in
a 100:1 molar ratio (2-ME/mAb G250). The reduced mAb G250
was purified in a PD-10 column and stored at â€”20Â°C.The reduced
mAb G250 (0.2 mg) was labeled with "mTc using tricine as a

transchelator (15 min at room temperature, 600 MBq, labeling
efficiency >95%). The specific activity of the final product was
2775 MBq/mg mAb G250.

The mAbs G250 and MN14 were radioiodinated with 125I
(Amersham International, Buckinghamshire, UK) and with 131I

(Nordion Europe, Fleurus, Belgium), respectively, according to the
lodoGen method (16). Specific activity of the radiolabeled prepara
tions were 280 MBq 125I/mgG250 and 185 MBq 131I/mgMN14.

In all preparations, more than 95% of the radioactivity was
associated with the antibodies as determined by instant thin-layer

chromatography (ITLC) using 0.15 mol/L sodium citrate (pH 5.5)
as an eluant.

Immunoreactivity
The immunoreactive fractions of all G250 antibody preparations

were determined on SK-RC-52 RCC cells (17) and have been

described previously (18).

Stability of Radiolabeled Antibody Preparations
The stability of radiolabeled antibody preparations was moni

tored in human serum at 37Â°Cfor 48 h. At several time points

postincubation (0, 1, 2, 4, 8, 20 and 48 h), serum samples were
analyzed for the amount of free radiolabel using ITLC. To
investigate a possible transchelation to other serum proteins,
size-exclusion, high-performance liquid chromatography (HPLC)

analysis of the serum samples was performed using a gel filtration
column (Biosep Sec 3000; Phenomenex, Terranee, Ã‡A).A solution
of 0.1 mol/L Tris, 0.15 mol/L NaCl, 0.001 mol/L ethylenediamine-

tetraacetic acid (pH 7.2) was used as the mobile phase. Fractions of
1 mL were collected, and radioactivity in the fractions was
determined.

In addition, the stability of the "mTc-labeled mAb G250

preparations was tested in a challenge assay, performed essentially
as described by Hnatowich et al. (79). Solutions of all three
"Tc-labeled mAb G250 preparations (0.1 umol/L) were incubated
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with increasing concentrations of diethylenetriamine pentaacetic
acid (DTPA), cysteine and glutathione (0, 100, 1000, IO4, IO5 and
IO6molar excess). After 4 h of incubation at 37Â°C,the amount of

free radiolabel was determined by ITLC.

Biodistribution Studies
Forty mice with NU-12 tumors (0.002-0.15 g) were randomly

divided into four groups of 10 mice and were intravenously
injected with 3 ng mAb "mTc-HYNIC-G250,99mTc-MAG3-G250,
99mTc-G250 (Schwarz) or a combination of l25I-G250/mI-MN14 (3

ug/3 jig per mouse). Of each group, 5 mice were killed by cervical
dislocation under ether anesthesia at 24 or 48 h postinjection, and
biodistribution of the radiolabel was determined. The amount of
radioactivity in the tumor and in the normal tissues (blood, muscle,
lung, spleen, liver, kidney and intestines) was determined in a
â€¢y-counter( 1480 Wizard 3; Wallac Oy, Turku, Finland) along with

an injection standard. The percentage of injected dose per gram of
tissue (%ID/g) and the tumor-to-blood ratios were calculated.

Immunoscintigraphy
Scintigraphic imaging was performed on 9 mice with NU-12

tumors (0.3-0.9 g). The mice were divided into three groups of 3
mice, and each group received "mTc-HYNIC-G250 (3 ug mAb
G250, 8.3 MBq "Tc), 99mTc-MAG3-G250 (3 ug mAb G250, 6.7
MBq 99mTc)or 99mTc-G250 (Schwarz) (3 ug mAb G250, 8.3 MBq

99mTc).Mice were anesthetized (halothane/nitrous oxide/oxygen)

and placed prone on a single-head gamma camera (Orbiter;
Siemens, Inc., Hoffmann Estates, IL) equipped with a parallel-hole,
low-energy collimator. Images of the three groups were obtained

synchronously at 1, 8 and 24 h postinjection. Images were stored in
a 256 X 256 matrix.

Statistical Analysis
All values are expressed as mean Â±SD. Statistical analysis was

performed using one-way analysis of variance, with Bonferroni
post-test correction for multiple comparisons. Differences of P <

0.05 were considered to be significant.

RESULTS

Immunoreactivity
The immunoreactive fraction of the radiolabeled G250

preparations was 86% for WmTc-HYNIC-G250, 76% for
"mTc-MAG3-G250, 81% for "mTc-G250 (Schwarz) and
94% for I25I-G250.

In Vitro Stability of Radiolabeled Antibodies

All radiolabeled G250 preparations showed good stability
in serum (Fig. 1A). Immediately after labeling, more than
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FIGURE 1. In vitrostabilityof three 99mTc-G250antibodypreparations.Stabilityin serum at 37Â°C(A). Stabilityof 99mTc-HYNIC-G250
(B), 99mTc-MAG3-G250(C) and 99mTc-G250Schwarz (D) in presence of increasing concentrations of DTPA, glutathione and cysteine.
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95% of the WmTcwas associated with the mAb G250 in all

preparations. Figure 2 shows HPLC radiochromatograms of
serum samples with "mTc-HYNIC-G250, WmTc-MAG3-
G250 and WmTc-G250 (Schwarz) at different time points.

The determination of free radiolabel by HPLC matched
accurately with the determination of free radiolabel by ITLC
(data not shown). All three preparations showed one major
peak immediately after labeling, which corresponded with
the monomeric IgG peak of the ultraviolet pattern (280 nm)
of unlabeled mAb G250 (data not shown). During 48 h of
incubation, this peak remained predominantly in all three
WmTc-G250 preparations. However, at 2 h postlabeling, a

small second peak of activity appeared in the radiochromato
grams of all three preparations. This second peak (released
WmTc) increased with time. After 48 h of incubation, the
amount of free radiolabel was 5% for "mTc-HYNIC-G250,
18% for "mTc-MAG3-G250 and 10% for 99mTc-G250

(Schwarz).

In the challenge assays, 99mTc-HYNIC-G250 showed
virtually no WmTcrelease (Fig. IB) at any concentration of
DTPA, cysteine or glutathione. "mTc-MAG3-G250 showed
release of WmTcat a 10,000-fold or higher molar excess of
cysteine (Fig. 1C). WmTc-G250 (Schwarz) showed release of
WmTcat a 100-fold or higher molar excess of cysteine and at
a 10,000-fold or higher molar excess of glutathione (Fig.

ID).

Biodistribution
The biodistribution of "mTc-HYNIC-G250,99mTc-MAG3-

G250 and "mTc-G250 (Schwarz) was studied and compared
with the biodistribution of 125I-G250 and nonspecific 131I-

MN14 (Fig. 3, left panels). Table 1 summarizes the uptake of
all preparations in the tumor and in seven normal organs. At
24 h postinjection, the blood levels of directly labeled
"mTc-G250 (Schwarz) were significantly lower (P < 0.001 )

than the blood levels of all other antibody preparations:

FIGURE 2. HPLC radiochromatogramsof
three 99mTc-G250antibody preparations in

serum at various time points. Note small
second peak (released 99mTc)in radiochro

matograms of each preparation from 2 h
onward.
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5.70 Â± 0.56 %ID/g for 99mTc-G250 (Schwarz) versus

14.66 Â±1.47, 14.88 Â±0.97,14.25 Â±2.23 and 14.56 Â±2.52
%ID/g for WmTc-HYNIC-G250, "mTc-MAG3-G250, 125I-
G250 and I31I-MN14, respectively. At 48 h postinjection,

this difference was even more pronounced: 3.75 Â±0.18
%ID/g for WmTc-G250 (Schwarz) versus 11.20 Â± 1.58,

13.37 Â±0.93, 13.44 Â±2.08 and 13.23 Â±1.36 %ID/g for
"mTc-HYNIC-G250,WmTc-MAG3-G250,I25l-G250and I31I-

MN14, respectively.
At 24 h postinjection, the mean tumor uptake of all mAb

G250 preparations was significantly higher (P < 0.001 ) than

that of the control antibody MM 14: 76.69 Â±22.37, 63.41 Â±
3.59, 31.08 Â±7.81 and 70.72 Â±13.44 %ID/g for 99mTc-
HYNIC-G250, 99mTc-MAG3-G250, WmTc-G250 (Schwarz)
and I25I-G250, respectively, versus 8.87 Â±2.92 %ID/g for
UII-MN14. At 48 h postinjection, the tumor uptake of
"mTc-HYNIC-G250,99mTc-MAG3-G250 and '-M-G250 was

even higher (92.41 Â±6.41, 125.87 Â±27.75 and 75.41 Â±
25.45 %ID/g, respectively), whereas the mean tumor uptake
of 99mTc-G250 (Schwarz) was somewhat lower (29.43 Â±

4.49 %ID/g). At both 24 and 48 h postinjection, the mean
tumor uptake of <WraTc-G250(Schwarz) was significantly

TABLE 1
Biodistribution of MmTc-HYNIC-G250, 99mTc-MAG3-G250, 99mTc-G250(Schwarz), 125I-G250and 131I-MN14 (%ID/g Â±SD)

MmTc-HYNIC-G250 99mTc-MAG3-G250 ""TC-G250 (Schwarz) 125I-G250 '31|_MN14

24 h 48 h 24h 48h 24h 48h 24h 48h 24h 48h
Organ postinjection postinjection postinjection postinjection postinjection postinjection postinjection postinjection postinjection postinjection

BloodMuscleTumorLung

Spleen
Kidney
LiverIntestines14.7

Â±1.51.01
Â±0.1676.7
Â±22.46.36
Â±0.92

7.46 Â±1.26
7.84 Â±0.70
11.9 Â±1.22.02

Â±0.2111.2

Â±1.60.82
Â±0.0992.4
Â±6.45.31
Â±0.80

6.51 Â±0.73
6.17 Â±0.60
8.48 Â±0.441.93

Â±0.5314.9

Â±1.01.09
Â±0.1163.4

Â±3.66.04
Â±0.93

4.46 Â±0.82
4.57 Â±0.23
5.06 Â±0.211

.92 Â±0.0713.40.98125.94.88

3.81
4.21
4.001.59Â±

0.9Â±
0.06Â±
27.8Â±0.48

Â±0.42
Â±0.77
Â±0.33Â±

0.085.70

Â±0.560.47
Â±0.0831.1

Â±7.82.57
Â±0.13

2.52 Â±0.39
9.53 Â±1.19
4.34 Â±0.901

.08 Â±0.233.75

Â±0.180.32
Â±0.0529.4
Â±4.51

.90 Â±0.24
1.83 Â±0.30
5.20 Â±0.44
2.90 Â±0.440.66

Â±0.0614.3

Â±2.21.13
Â±0.1970.7
Â±13.47.77
Â±1.43

4.87 Â±0.67
4.47 Â±0.85
4.79 Â±0.622.42

Â±0.1813.4

Â±2.080.97
Â±0.0875.4
Â±25.57.34
Â±2.10

3.59 Â±0.45
4.05 Â±0.62
4.70 Â±0.831.92

Â±0.5714.6

Â±2.51.04
Â±0.188.87
Â±2.927.07
Â±1.29

4.21 Â±0.64
4.08 Â±0.83
4.34 Â±0.582.16

Â±0.1813.2

Â±1.40.90
Â±0.066.56
Â±1.446.73
Â±1.66

3.12 Â±0.39
3.75 Â±0.41
4.36 Â±0.661.73

Â±0.52

HYNIC = S-hydrazinonicotinamide; MAG3 = S-benzoylmercaptoacetyltriglycine.
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lower (P < 0.001) compared with all other mAb G250
preparations.

The mean tumor-to-blood ratios were calculated for each

antibody preparation and are displayed in Figure 3 (right
panels). These ratios were similar for all mAb G250
preparations and were significantly higher (P < 0.001)
than those of the control mAb MN14 (24 and 48 h
postinjection).

Uptake in normal organs was low (<8 %ID/g), with the
exception of WmTc-HYNIC-G250 uptake in the liver: 11.9 Â±

1.22 and 8.48 Â±0.44 %ID/g at 24- and 48-h postinjection,
respectively. At 24-h postinjection, uptake of 'WmTc-G250

(Schwarz) in the kidney (9.53 Â±1.19 %ID/g) was signifi
cantly higher (P < 0.03) than the mean kidney uptake of the
other mAb G250 preparations (7.84 Â±0.70,4.57 Â±0.23 and
4.47 Â±0.85 %ID/g for "mTc-HYNIC-G250, WmTc-MAG3-
G250 and n5I-G250, respectively). At 48-h postinjection,
the uptake of WmTc-G250 (Schwarz) in the kidney had

decreased to 5.20 Â±0.44 %ID/g.

Immunoscintigraphy
Immunoscintigraphic images of the mice injected with the

three 'WmTc-G250 preparations are shown in Figure 4. At

24-h postinjection, tumors were clearly visualized with all
three preparations. The whole-body retention of "mTc-G250
(Schwarz) was lower compared with "mTc-HYNIC-G250
and "n'Tc-MAG3-G250. In contrast to the images of the
mice injected with WmTc-HYNIC-G250 and "mTc-MAG3-
G250, the images of the mice injected with 99mTc-G250

(Schwarz) showed enhanced bladder activity as early as l h
postinjection.

DISCUSSION

At present, no established therapy regimen is available for
patients with advanced and progressive RCC. Chemother
apy is ineffective (20); radiotherapy is applied for palliation
only; and studies with biological response modifiers, such as
interferon-oi and interleukin-2, have shown a maximum

response rate of only 20% (27,22). Nevertheless, research in
this field is flourishing. Several new approaches are cur
rently under investigation, such as combinations of biologi
cal response modifiers, the use of tumor-infiltrating lympho

cytes, gene therapy, the use of tumor vaccines and
radioimmunotherapy (7). Preliminary results of several of
these approaches showed higher response rates (up to 47%)
as well as significantly increased median survival time. For
all of these therapeutic approaches, minimal residual disease
offers the best chance for success. Consequently, accurate
staging and early detection of mÃ©tastasesare of growing
importance.

The physical properties of 'Wn'Tc(140-keV ^-emission,

t1/2= 6 h), its availability and its low costs make this isotope

the ideal radionuclide for radioimmunodetection. As men
tioned earlier, various strategies have been developed for
linking "Te to antibodies and peptides. Of the direct

labeling methods, the pretinning method, using stannous
chloride as a reducing agent (23), has been, for the most part,
replaced by the Schwarz method (8). Although both direct
labeling methods may result in a product that is stable in
vitro, several studies have demonstrated instability of these
directly radiolabeled antibodies in vivo (19,24). The labeling
method using MAG3 as a chelate (preformed chelate

0 h p.i 8 h p.i. 24 h p.i.

*"Tc-HYNIC-G250

FIGURE 4. Immunoscintigrams of mice
injected with 99mTc-HYNIC-G250, 99mTc-
MAG3-G250 and 99mTc-G250Schwarz at 1,

8 and 24 h postinjection (p.i.). Tumors are
clearly visualized with each preparation.
Note enhanced bladder activity on images
of mice injected with directly labeled 99mTc-
G250 Schwarz.

TC-MAG3-G250

Â» * * 4 â€¢

*>Tc-G250(Sdiwary)
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approach) was originally described by Fritzberg et al. (14)
and was later optimized by Visser et al. (/5). Labeling of
antibodies using the bifunctional chelate HYNIC (indirect
labeling approach) has been described by Abrams et al. (13).
Both of these approaches have been shown to result in
highly stable radioimmunoconjugates.

The stability in serum of all three 99mTc-G250 prepara

tions was good. With less than 16% loss of radiolabel after
48 h at 37Â°C,"mTc-MAG3-G250 was the preparation with
the highest release of "mTc. Directly labeled WmTc-G250

(Schwarz) showed good stability in serum, with only 6%
loss of radiolabel in 48 h. However, this preparation
displayed significant instability when challenged with cyste-
ine or glutathione. The observed instability of WmTc-G250

(Schwarz) in the cysteine challenge assay showed a much
more gradual release of radiolabel (from a 100-fold molar
excess and higher) compared with WmTc-MAG3-G250. The

latter preparation apparently loses the major part of the
radiolabel above a certain threshold concentration of cyste
ine (between 10,000- and 100,000-fold molar excess).
WmTc-HYNIC-G250 appeared to be the most stable prepara

tion. In serum as well as in all challenge assays, this
preparation showed virtually no release of radiolabel. Size-

exclusion HPLC analysis of the serum samples containing
the three "mTc-G250 preparations indicated that transchela-

tion to other serum proteins did not occur with any of the
preparations studied.

The scintigraphic images of the mice clearly illustrate the
possible use of "Tc-labeled mAb G250 as an imaging

modality. The most striking difference among the three
99mTc-labeled mAb G250 preparations was observed in the
biodistribution studies. Although directly labeled WmTc-

G250 (Schwarz) showed good stability in serum, at 24-h

postinjection, the blood levels of this preparation were
significantly lower than those of all other preparations. This
difference was even more pronounced at 48-h postinjection.
Furthermore, enhanced kidney uptake was observed at 24-h
postinjection, but had normalized by 48-h postinjection.

These findings imply that the in vitro stability of directly
labeled "mTc-G250 (Schwarz) does not reflect the situation

in vivo. Mean tumor uptake of all mAb G250 preparations
was significantly higher than that of the nonspecific mAb
MN14, indicating specific localization of the mAb G250 in
the RCC tumor xenografts. At both time points, the mean
tumor uptake of directly labeled 99mTc-G250 (Schwarz) was

significantly lower than that of all other mAb G250 prepara
tions. Furthermore, the mean tumor uptake of "mTc-G250

(Schwarz) was evenly high at 24 and 48 h postinjection,
whereas the mean tumor uptake of the other preparations
increased with time. This effect most likely resulted from
higher in vivo instability of the directly labeled WmTc-G250

(Schwarz) compared with the other mAb G250 preparations.
Despite the slightly higher uptake of 99mTc-HYNIC-G250 in
the liver, compared with the other preparations, the tumor-to-
liver ratios of WmTc-HYNIC-G250 were still very high (> 10

at 48-h postinjection). In view of these favorable ratios, liver

uptake of "mTc-HYNIC-G250 most likely will not hamper

the visualization of liver mÃ©tastases.
Mather and Ellison (8) reported good stability of antibod

ies labeled according to the Schwarz method. However, their
conclusion was mainly based on DTPA challenge assays (up
to 100-fold molar excess DTPA) in which minimal loss of

radiolabel was observed. Hnatowich et al. (Â¡9)studied the in
vitro and in vivo properties of "Tc-HYNIC-labeled antibod
ies in comparison with directly "mTc-labeled antibodies

using stannous chloride (the pretinning method). These
investigators reported a rapid transchelation of 99mTcin the

presence of both cysteine and glutathione for the directly
labeled antibodies. In contrast, the 99mTc-HYNIC-labeled

antibodies appeared much more stable. In their studies, these
authors also found a higher kidney uptake and a faster blood
clearance of the directly labeled antibodies (19). Claessens
et al. (24) investigated the imaging potential and biodistribu-
tion of 99mTc-HYNIC-labeIed human IgG (hlgG) and di
rectly labeled "Tc-hlgG (Schwarz) in rats with a Staphylo-

coccus aureus infection. The results of this study showed an
enhanced whole-body clearance of the "Tc-hlgG (Schwarz)
compared with the ""Tc-HYNIC-hlgG. Furthermore, en

hanced kidney uptake was noted on the scintigrams (12 h
postinjection) after administration of directly labeled "mTc-

hlgG.
In search of a potential blood-pool agent, Verbeke et al.

(25) studied "mTc-HYNIC-labeled human serum albumin
(HSA) and 99mTc-MAG3-HSA. Cysteine challenge assays
revealed a much higher in vitro stability of "Tc-HYNIC-

HSA. In this assay, approximately 30% loss of radiolabel
from the 99mTc-MAG3-HSA was observed in the presence of

a 30,000-fold molar excess of cysteine. The observations of

Hnatowich et al. (19), Claessens et al. (24) and Verbeke et al.
(25) are strikingly similar to these findings and show that
labeling of proteins with "mTc by HYNIC results in

preparations with excellent in vivo and in vitro stability. A
major advantage of the HYNIC method, compared with the
MAG3 method, is the easy labeling procedure. The HYNIC-

antibody conjugate can be produced as a standard kit and
stored at -20Â°C. The radiolabeling can then be carried out at

any time within 15 min at room temperature and thus can be
applied in the routine practice of nuclear medicine. So far,
our attempts to use the HYNIC chelate for labeling antibod
ies with 186Reâ€”potentially suitable for radioimmuno-
therapyâ€”have been unsuccessful. Thus, the use of the
cG250-HYNIC conjugate appears to be limited to immuno-

scintigraphic imaging of RCC.
This study primarily focused on the most suitable radiola

beling technique; determination of the most optimal anti
body form was not an objective of this investigation. The
biodistribution studies have shown very high tumor uptake
of 99mTc-HYNIC-G250 and "mTc-MAG3-G250 at 24 h

postinjection. The increased tumor-to-background ratios

from 24 to 48 h mainly resulted from clearance of the
antibody from the circulation. When images are being
obtained from patients with RCC, 24 h would be the latest

"MTc-LABELED MAÃŸG250 FOR RADioiMMUNODETECTiONâ€¢Steffens et al. 835



possible time point. In view of these considerations, the use
of antibody fragments, e.g., F(ab'>2 with a 3-4 times more

rapid blood clearance (26), could be beneficial. However,
the use of antibody fragments will inevitably result in lower
tumor uptake. Thus, the most optimal antibody form remains
to be determined. A clinical grade F(ab')2 fragment of the

chimeric mAb cG250 will be available in the near future,
and its tumor targeting capacity, compared with the intact
mAb cG250 IgG, will be assessed in clinical study in
patients with RCC. Both chelate-based labeling techniques

used in this study are suitable for stably labeling antibody
fragments (7).

CONCLUSION

99mTc-HYNIC-G250 appears to be the preparation best

suited to image RCC. It showed good stability and excellent
tumor targeting. Moreover, this preparation can be labeled
with high efficiency (>95%) at room temperature within 15
min. Therefore, 99nTc-HYNIC-G250 seems to be an ideal

candidate for radioimmunodetection of RCC in patients.
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