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Abstract

Diagnosis of renal graft acute rejection is made mainly by clinical signs, humoral and
functional changes, and is confirmed by histopathological studies. Many efforts have
been made to find a radiopharmaceutical for early diagnosis of renal graft rejection.

99mTc-ior t3 monoclonal antibody was evaluated as a radiotracer in renal graft acute
rejection. Schwarz 's method was used with different molar relations 2ME:IgG and
different tin-chelates were explored. The selected formulation was studied by
chromatography and challenge studies. Once proved the quality of the
radiopharmaceutical a freeze-dried Kit was performed Its radiochemical purity and
stability was studied for several months. FPLC and immunoreactivity studies were
included. The sterility and apirogenicity was certified by the Center of Research and
Development of Drugs. A clinical trial was started with patients who have received a
renal graft eleven days before. An amount of 1.1 GBq of 99mTc-ior t3 MoAb was
administered and planar scintigraphic images were recorded.
A molar relation of 2000:1 (2ME:IgG) with 30 min produced the best reduction of the

MoAb. From the different tin-chelates, the tin-pyrophosphate produced the highest
radiochemical purities. The MoAb freeze dried Kit contains 1.0 mg of protein and 14
ug of Sn+2, this quantities guaranteed a shelf life of 6 months. The quality controls and
challenge studies showed purity higher than 9S.0 % and a per cent of dissociation close
to 20 % was seen with DTPA, 80 % with HSA and 48 % with Cys.

Our preliminary immunoscintigraphic results showed a good correlation among
scintigraphy, a high rate of counts Renal Graft/Opposite side and the cause of graft
loss. The small number of cases does not permit to make a definite conclusion.
However, in some clinical situations the use of 99mTc-ior t3 MoAb could help as an
early and specific non-invasive diagnosis of renal graft rejection.

1. Introduction.
Diagnosis of renal graft acute rejection is made mainly by clinical signs, humoral

and functional changes, and is confirmed by histopathological studies (1).
Several radiopharmaceuticals have been evaluated as" radiotracers " of renal graft

acute rejection, among them the 99mTc-Sulphur Colloid (2), radiolabeled Fibrinogen
(3), 11 lln-Platelets (4) and 67Ga-Citrate (5). These agents had poor or none
specificity(6). Baum (7) in 1990 made the first specific diagnosis of acute rejection
using the Monoclonal Antibody (MoAb) tl 1 (Anti-CD2) labeled with 99mTc in
patients with renal and cardiac grafts.

The aim of this report is to show the elaboration of an ior t3 MoAb freeze-dried Kit,
its behaviour, stability and potential utility as a radiotracer in renal graft acute rejection
in a group of patients with renal grafts.
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2. Material and methods.
2.1. Kadiolabeling and evaluation of tin-chelates.

The ior t3 MoAb (Anti-CD3), isotype IgG2a was provided by the Center of
Molecular Immunology (CIM) at a concentration of 5.0 mg/ml. Schwarz 's method (8)
was used with molar relations of 2ME: IgG of 1000: 1,2000: 1 and 5000: 1 during 30
miti Finally a relation 2000: 1 was chosen for the elaboration of freeze-dried Kits.

Once the reduction process was completed, the reduced MoAb was applied on a
column (syringe of 10 ml of volume) filled with Sephadex G-50 (Pharmacia)
previously equilibrated with Buffer Phosphate 0.1M, pH-7.4 (degassed with gaseous
nitrogen). Fractions of 3.0 ml were collected in sterile flasks, aliquots of 50 ul were
taken of the different fractions and the optical density at 280 nm was determined. The
IgG concentration was estimated by the molar extinction coefficient (E-1.4). A pool
was made with the fractions with highest values of reduced IgG concentration. An
aliquot was taken and kept frozen until the estimation of free thiols groups was made.

A comparison was performed with different tin-chelates, Sn-MDP, Sn-
Pyrophosphate and Sn-Gluconate. These Kits were made by the Institute of Energetics
and Nuclear Research (Sao Paulo, Brasil). A flask of the above mentioned Kits
received a volume of steril saline solution (SSS) and was mixed. An aliquot was taken
and added to a flask which contain 250 ug of reduced ior t3 MoAb. The mixture was
shaken and a volume of pertechnetate was added. Thirty min later an aliquot was taken
and a quality control was made.

2.1.1. Preparation of freeze-dried Kits.
Initially was elaborated a first batch which contained 250 ug of reduced ior t3 MoAb

and 2.8 ug of Sn+2 per flask. This Sn+2 belongs to the Sn-Pyrophosphate Kit made by
brazilian colleagues. This mixture was sterilized by filtration through 0.22 u sterile
membranes and deposited in sterile flasks. These were frozen and dried by 24 hours.

Three new batches nominated 951018,960306 and 971202 were elaborated with a
modification, in this case the amount of reduced MoAb was increased to 1.0 mg and
the Sn+2 content was increased proportionally too. An amount of Sodium Gentisate
was included. This Sn-Pyrophosphate-Gentisate solution was elaborated every time the
Kit was made in our center. The rest of the procedure was performed as was described
above for the first batch. Once finished the lyophilization process the flasks were kept
at 4° c until they will be used

From these new batches a group of flasks were sent to certify their sterility and
apirogenicity.

2.1.2. Radiochemical purity controls.
Two flasks of the freeze-dried Kits were taken and labeled with 1.1 GBq of

pertechnetate obtained from a 99Mo-99mTc (Elumatic II) provided by AMERSHAM
Int. Thirty min later a sample was taken and applied on strips (0.6x7cm) of Whatman 3
MM. Ascending paper chromatography (APC) was developed. As solvents Metil Ethyl
Ketone (MEK) and steril saline solution (SSS) were used. The strips were dried at 80°
c and they were cut in the middle portion. Each one was counted in an automatic
gamma counter and the per cent of purity was considered the fraction of radioactivity,
which remained at the origin. A sample of the radiopharmaceutical was applied on a
column (1x30 cm) filled with Sephadex G-25 M, previously calibrated and equilibrated
with Buffer Phosphate 0.1 M, pH-7.4 (degassed with nitrogen). The per cent of
recovery was estimated against a sample of the volume applied on the column. The
controls have been made monthly along the first eight months after the Kit elaboration.
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2.13. FPLC study.
Some flasks which contain 1.0 mg of ior t3 MoAb freeze-dried Kit were sent to the

Center of Molecular Immunology (CIM) for analysis. Briefly, a volume of SS was
added to a flask and the IgG concentration was adjusted to 0.5-1.0 mg/ml of SS. An
aliquot was applied on a column of Superose 12. The elution was performed with
Buffer Phosphate 0.05 M, pH-7.4 and the flow was regulated to 0.5 ml/min. Several
fractions were collected and the optical density (at 280 nm) was recorded
automatically.

2.1.4. Challenge studies.
Challenge studies with DTPA (2000 fold molar), Human Serum Albumin (100 fold)

and Cysteine (3000 fold) were performed at different times. Briefly, the labeled MoAb
was incubated with the ligand at room temperature. Samples were removed and applied
on strips of Whatman 3 MM. These strips were developed with SS. The rest of the
procedure was made as described in 2.1.2.

2.1.5. Immunoreactivity determination.
This was performed in the CMI, three flasks at least of each batch were evaluated.

The content of a flask was dissolved with SSS and the concentration was adjusted to
the required value. Selected volumes of the MoAb Kit and fresh blood were mixed in
the cell of the FACS equipment. This made the separation of T Lymphocytes itself and
recorded the percentage of MoAb bound to T Lymphocytes. The procedure was
repeated with native ior t3 MoAb and the results were compared and expressed in per
cent of immunoreactitity related to the native ior t3 MoAb.

2.1.6. Thiol assay.
A volume of 50 ul of reduced MoAb was added to 50 ul of Ellmans' reagent (9) and

the mixture was diluted with 3.0 ml of Buffer Phosphate 0.1 M, pH-8.0 and incubated
at room temperature for 15 min. Optical Density was measured in an U V
spectrophotometer at 412 nm. The number of free thiols was calculated by comparison
with a standard curve obtained by the assay of a series of Cysteine standards ranging
from 0.01 to 1.0 mM.

2.1.7. Clinical trial.
Once certified the sterility, apirogenicity and immunoreactivity of the freeze-dried

Kits (951018,960306 and 971202) a clinical trial was started with renal graft patients
who received the kidney between 7-21 days before. The patients expressed their signed
approbation to be included in the trial. All national and international regulations for
human application of murine immunoglobulins were strictly observed. A subcutaneous
test was made with 10 ug of ior t3 a day before the immunoscintigraphy will be done.

The patients received 1.0 mg of labeled ior t3 MoAb with a radioactivity between
1.1-1.3 GBq. Planar scintigraphic images were recorded between 10 min and 24 hours
with a Gamma Camara Sophy-20P Sopha Medical. The rate of counts between renal
graft (RG) and its opposite side (OS) was determined at different times. Once
concluded the scintigraphy a biopsy was made and the correspondent histopathological
study was performed.

3. Results.
3.1. Radiolabeling.
Table I shows the concentration of free thiols according to the molar relations 2ME:

MoAb used. The ior t3 MoAb expressed a 4.7 % of free thiolds groups without 2ME.
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After a reduction with 1000: 1 (2ME :MoAb) the proportion of thiols groups was
duplicated. An increase of the molar relation to 2000 :1 and even more to 5000 : 1 only
produced a small increase in the proportion of free thiol groups.

The influence of ligands is presented in Table H It was evident that Pyrophosphate
(PPi) resulted the best ligand, because of independently of the amount added the per
cent of purity obtained was highest even at 24.0 hours. For MDP, the increase of Sn+2
concentration, which implies an increase of MDP concentration, produced a
progressive reduction of the radiochemical purity, especially at 24 hours. The
Gluconate (GLU) apparently produced a high per cent of purity, but this result was
accompanied of a strong opalescence in the solution and a posterior sedimentation of a
white precipitate.

Estimation of free
2ME : MoAb

0
1000 : 1
2000 . 1
5000 : 1

Table 1
thiols by Ellmans ' reagent
uM-SH
11.3±1.3
14.0±1.0
16.1±1.4
20.5±1.2

Per cent -SH
4.7±1.1

10.7±1.4
12.3±0.9
14.9±0.8

n = 3

Table U
Influence of the ligands on the radiochemical purity

Per cent of purity on Saline
ug Sn+2

1.04

2.08

5.20

10.40

MDP
96.0±1.0
95.0±0.7
96.0±0.8
99.0±1.0
88.0±1.3
78.0±0.8
76.0±1.4
67.0±0.9

PPi
99.8±0.1
99.7±0.2
99.8±0.2
99.4±0.5
99.7±0.2
99.6±0.2
95.0±0.8
99.4±0.2

n=3

a-1.0 hr

GLU*
99.0±0.2 a
99.2±0.5 b
95.0±l.l
98.0±0.9
95.0±0.7
98.0±0.9
88.0±1.3
99.0±0.6

MoAb-250 ag
b-24hr "Opjlescence

3.1.1. Freeze-dried Kits and purity controls.
The four batches answered positively to sterility and apirogenicity tests. This assured

the quality of the freeze-dried Kit as intravenous pharmaceutical formulation before the
administration to the patients.

Figure 1 presents the quality control made to the different batches with SSS. The first
batch (without nomination) corresponds to the lowest mass of MoAb and Sn+2. Its
shelf life was shorter than 90 days. Batches nominated 951018 and 960306 keep their
high radiochemical purities even 180 days later. Column chromatography showed a
95.0 % of radioactivity associated with the protein peak. The recovery was always
higher than 96.0 %. This results means a low proportion of tin radiocolloids in the
labeled MoAb.
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FIG. I. Stability of the radiochemical purity for the different batches.
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FIG. 2. FPLC ofior t3 on Superose 12.
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FIG. 3. Challenge studies of the 960306 batch.

3.1.2. FPLC study.
Figure 2 shows a characteristic chromatogram seen for the freeze-dried Kits on

Superose 12. This presents mainly a peak, which corresponds, to native MoAb and the
area represented a 98.4 %. No aggregates were detected and the percentage of
fragments was lower than 1.5 %. These results were similar for the different batches
and remained approximately constant during the firsts 180 days.

3.13. Challenge studies.
Figure 3 shows the challenge studies made against DTPA (2000/1), HSA (100/1) and

Cys (3000/1) for 960306 batch at 4.0 hours. A per cent of dissociation close to 14.0
was seen for DTPA, which remained practically constant during 180 days. However,
HSA produced a high dissociation level close to 80.0 %, which remained all the time.
At 24 hours, a light decrease of the dissociation to 70.0 % was seen. Cys had an
increased dissociation level; its highest value was reached at 240 days.
3.1.4. Immunoreactivity determination.

The immunoreactivity study showed that reduced and lyophilized ior t3 MoAb
recognized between 73.0-83.0 % of T Lymphocytes in comparison to native MoAb.
This result was the same for batches nominated 951018 and 960306.

Tabie HI

Immunoscintigraphy, rate of counts and histopathology
Patient number

1
2
3
4
5
6

IS
+

RG/OS
2.0
1.3
1.6
1.3
1.2
14

Histopathology
A. R.
A. T. N.
A. T. N.
B.C.
B.C.
A. T. N.

A-R.-Acuto Rojoction A-T.N.-Acuto Tubular Necrosis B.C.-BonteriiiM Changas

40



3.1.5. Thiol assay.
The determination of free thiol groups demonstrated a generation of 6-7 thiol groups

when a molar relation between 1000 and 2000:1 was used. An ulterior increase to
5000 : 1 did not increase significantly the fraction of thiol groups.

3.1.6. Clinical trial.
Table EQ summarizes the studied patients, the criterion of positive (+), negative (-) or

doubtful (+ -)immunoscintigraphy (IS), counts relation RG/OS (Renal Graft/Opposite
Side) and histopathological diagnosis. There was in this small series of patients a good
correlation among IS, counts relation and the cause of graft loss.

4. Discussion.
The most popular method for radiolabeling immunoglobulins corresponds to Schwarz

(8). This use as a reducing agent 2-Mercaptoethanol (2ME) which originates a fraction
of free thiols. However, the molar relation 2ME:IgG depends of the immunoglobulin
to be reduced, because of murine immunoglobulins seem to be more resistance to
reduction (10) or they can reorganize faster the broken disulfide bridges.

The ior t3 MoAb presents a low proportion of free thiols in its structure. The
treatment with 2ME showed a saturation curve, that is a considerable increase of free
thiols with the lowest molar relation and lower increases for the highest molar
relations.

Our findings with different tin-chelates showed that a MoAb might answer in a very
particular way, according to the tin-chelates, its components and elaboration. The
Pyrophosphate was the weaker ligand in this series and permitted a high radiochemical
purity and stability of the labeled MoAb. It showed the lowest affinity for 99mTc
against the reduced MoAb. The Gluconate anion produces a Sn+2 precipitation as a
hydroxide. This was explained because of for this particular tin-chelate the tin was
added as a complex of tinasc (tin ascorbate) and this chemical form was decomposed
when it came in contact with the protein solution.
The mass of MoAb and tin, the addition of tin preservatives and the procedure of

lyophilization (11) determine the shelf life of a freeze-dried Kit. This fact was made
evident in the first batch (without nomination); the low mass of tin and the absence of
sodium gentisate drove us to reach a shelf life shorter than 90 days. The ulterior
increase to 1.0 mg of MoAb, the correspondent increase of tin and the incorporation of
gentisate as a tin preservative, make us to increase its shelf life to 180 days.
As ascending paper chromatography is not able to discriminate between labeled

MoAb and tin radiocolloids, a Sephadex G-25 M column chromatography was used
(12). This demonstrated that a 95.0 % of radioactivity was associated to the protein
peak and more than 96.0 % of the applied radioactivity was recovered in the eluate.
This fact guarantees a tin radiocolloids proportion lower than 4.0 %. The ulterior
quality controls showed that this radiocolloid level was kept approximately constant
Molecular modifications introduced on the structure of the MoAb by the Kit

formulation can be detected only by means of size-exclusion chromatography (13) or
SDS-PAGE (14). The chromatography on Superose demonstrated that a reduction with
molar relation 2000:1 does not originate the formation of molecular aggregates and the
fragmentation was within acceptable limits (15).
Challenge studies made against DTPA and Cysteine evidence the 99mTc binding on

high affinity sites on the MoAb structure (16), because of the percentages of
dissociation were similar to those found by other authors (17,18). For HSA,
nevertheless, a high dissociation percentage was found as reported Alauddin (19). This
can be attributed to the high molar relation used. Another factor, which could influence
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is that our HSA contains several preservatives agents, which may modify the affinity of
99mTc on the MoAb structure.
Immunoreactivity study demonstrated a good biologic activity of the ior t3 MoAb

after the Kit formulation. This means that the procedure did not imply molecular
modifications, which affect the recognition of CD3 membrane complex on the T
Lymphocytes.

The clinical trial have been made in a small group of patients and results resembles to
Baum 's report (7) and confirmed the potentiality of labeled ior t3 MoAb as a
radiotracer of renal graft rejection, because of a good correlation was observed
between results and the cause of graft loss. Nevertheless, the small number of cases
does not permit to make conclusions yet.

5. Conclusions.
The elaboration of ior t3 MoAb freeze-dried Kit was made. It has a shelf life of 180

days and the radiopharmaceutical could help to an early and specific non-invasive
diagnosis of renal graft acute rejection.
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