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2.8.1. Introduction

"Tcm-labelled monoclonal antibodies (MAbs) and human immunoglobulins (hlgG) have recently
emerged as a new class of site specific radiopharmaceuticals [1-4]. The role of "Tcm-labelled MAbs
particularly anti-CEA IgG in tumour imaging has essentially established for early revealing of occult
lesions in patients. Superiority of the method over X ray CT has been addressed for its capability in
differentiating post-operation fibrosis from viable tumour [1-2].

On equal basis, radiolabelled hlgG has been repeatedly demonstrated for their effectiveness in
detecting sites and delineating extent of disease involvement in a variety of infectious diseases and
severe inflammatory processes [3, 5], such as, musculoskeletal infections, abscess, infections of vascular
and orthopedic prostheses, etc. Most interesting of all is the infection detection in immunocompromised
patients in whom signs and symptoms are often missing [6]. "Tcm-labelled hlgG would continue to
receive widespread acceptance for several reasons, namely: (a) The agent is as effective as labelled
leukocytes in detection of infection/inflammation, (b) The method for radiolabelling of IgG is less
technically demanding than blood cell labelling, (c) "Tcm is the radionuclide emitting gamma radiation
ideal for imaging, (d) IgG poses no threat to HIV contamination as is the case of handling human blood
cells, (e) The molecule does not elicit HAMA like antibodies of murine origin.

At present date, instant kits for preparation of this particular class of radiopharmaceuticals can be
obtained from commercial sources but unfortunately at high prices. This prohibits the use of these
promising diagnostic agents in developing country like Thailand. Under the assistance from IAEA
through a research coordinating program, we worked on the "Tc^radiochemistry in immunoglobulin
labelling to establish the knowledge and acquire the knowhow in the development of in-house instant
kits at low cost to serve the local nuclear medicine clinics in diagnosis of infectious and neoplastic
diseases.

2.8.2. Materials and methods

2.8.2.1 Antibodies and human immunoglobulins

Three MAbs and two hlgGs as described in Table I were investigated where the technique of
direct labelling [7] could successfully bring about high labelling efficiency.

2.8.2.2. Reduction ofMoAb and hlgG

The MAbs and hlgGs were reduced with 2-mercaptoethanol (2-ME) at various molar ratios (2-
ME:IgG) by procedure described in summary report of this CRP meeting at Malaysia in 1991. The
reduced antibody solution after gel chromatography was adjusted to concentrations between 0.55-
0.65 mg/mL and sterilized by 0.22 um Durapore membrane filter. The solution was purged with sterile
N2 gas and stored under -60° until use.
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TABLE I. ANTTTUMOUR MONOCLONAL ANTIBODIES AND POLYCLONAL
HUMAN IMMUNOGLOBULINS USED IN THE STUDY OF ̂ ""-LABELLING BY
DIRECT TECHNIQUE

Designation

M-170
ior-CEA
EMD
Sandoglobulin
Venoglobulin

Clonal

Monoclonal
Monoclonal
Monoclonal
Polyclonal
Polyclonal

Isotype/
subclass

IgGl
IgGl
IgG2a
IgG(95%)
IgG (95%)

Antigenic
target

Cytokeratin
CEA
EGFR
Bacteria
Bacteria

Source

BIOMIRA, (Canada)
CIMAB, (Cuba)
Dr.Baum, (Germany)
Sandoz, (Switzerland)
Alpha, (USA)

TABLE n. STANNOUS KITS FOR TECHNETIUM REDUCTION

Component

MDP(mg/mL)
Sn(II)(mg/mL)
PH
Diluent
Storage
Shelf life

2.8.2.3. Stannous /

MDP-SnF2 kit

5
0.258
between 6.5 and 7
normal saline
-20°C
~1 year

cits for 99Tcm reduction

MDP-SnCl2 kit

5
0.425
between 6.5 and 7
normal saline
-20°C

~1 year

Sn(H)-MDP (Medtronate) kits were used for "Tcm reduction. Kit formulations are presented in
Table II. Experiments were conducted to find out the optimal |ig of Sn(II) in forms of SnF2 and SnCl2

that required for the conjugation of 37 MBq of "Tcm into the antibody molecules.

2.8.2.4. Radiolabelling

Thaw the frozen antibody solution and allow it to warm up to room temperature. Add desirable
mL of medronate kit into antibody vial and followed by predetermined activity of "Tcm. Swirl gently
every 2-3 min for 15 min. Labelling efficiency was determined by instant thin layer chromatography
(ITLC). For ITLC-SG using normal saline solution as developing agent, it yielded TCO4" and "Tcm-
MDP at the solvent front. While HSA-impregnated ITLC-SG developed by mixture of
EtOH:NH4OH:H2O :: 2:1:5, it retained hydrolysed reduced Tc (HRTc) at the origin. After subtracting
percentage TcO4", "Tcm-MDP and HR-"Tcm from 100%, it yielded the percentage of radioactivity
incorporated into the antibody molecules.

2.8.2.5. Immunoreactivity assay

Antibody immunoreactivity was assessed by ELISA technique using tumour cells expressing
antigens of interest. A CEA-producing cell line, i.e. LS 174T (human colonic adenocarcinoma), and
pharyngeal squamous cell carcinoma (FaDu) bearing epidermal growth factor receptor (EGFR) were
used for investigating say ior-CEA and EMD respectively. Target cells for assay were prepared as
follows: Plate fixed number of tumour cells (3.3 x 105 cells for LS174T with plating efficiency of 97.3%
and 1.5 x 105 cells for FaDu with plating efficiency of 99.1%) into each well of the 96-well plate. Cells
were cultured for 24 h and then fixed with 2% formalin for 1 h at room temperature. The fixed cells were
stored under 4°C for antibody assay (shelf life ~1 year).
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After saturating the non-specific binding sites with 1% bovine serum albumin, add 200 \ih of
MAbs with varied concentrations i.e. ior-CEA 0.1-1.0 ug/mL; EMD 0.009-0.15 ug/mL, to their
respective target cells. Reactions were allowed to proceed at 4°C for 1 hour and target cells were washed
3 times with PBS. Target cells with bound antibodies were incubated with 200 uL of horse radish
peroxidase (HRP)-conjugated rabbit antimouse IgG (Zymed Laboratory, USA). Quantitate HRP-
conjugated IgG with 150 uL or o-phenylene diamine (OPD) and H2O2 (lmL of 0.1 M citrate buffer,
pH5, contained 1.08 mg of OPD and 0.03% H2O2). The reaction was stopped with 50 uL of 2N H2SO 4

after 15 min of incubation under subdued lighting at room temperature. The solution in each well was
transferred to another plate for optical density (OD) measurement (EL311S Autoreader, Biotek, USA).
Slope from the double inverse plot between antibody concentration and OD yield an index for
immunoreactivity [8].

2.8.2.6. Cysteine challenge assay

"Tcm-labelled MAbs and hlgGs were assayed for their stability towards cysteine transchelation
at molar ratio (Cysteine:IgG) between 500:1, 50:1, 5:1, 0.5:1, 0:1. The procedure appeared in summary
report of this CRP meeting at Australia in 1994.

2.8.2.7. Animal biodistribution study

Four h biodistribution of 99Tcm-labelled MAbs and hlgGs were measured using Balb/C female
mice. The results were expressed as mean percentage of the injected dose per gm tissue with one
standard error. Detailed methodology was described in summary report of this CRP meeting at Malaysia
in 1991.

2.8.2.8. Limulus amoebocyte lysate (LAL) assay

Three lots of each reduced MoAb and hlg with the addition of MDP-SnF2 were measured for
endotoxin unit by a commercial agency licensed for performing LAL assay. The endotoxin unit was
quantitated by chromogenic LAL method (Kinetic GCL System, Bio Whittacker, USA).

2.8.3. Results

2.8.3.1. Stoichiometry in 9Tcm-labelling of MAbs and hlgGs

The direct technique as suggested by Mather and Ellison [7] was adopted here for its technical
feasibility and high labelling efficiency. The technique involves the use of 2-ME to reduce interchain
disulfide bridges at hinge region to sulfhydryl groups for subsequent conjugation of "Tcm which is
presented in the form of weak complex with MDP. Efficiency of "Tcm-labelling depended on a number
of factors, namely: molar ratio for antibody reduction, concentrations of antibody for reduction and
labelling, quantity of Sn(II) for "Tcm reduction.

All types of molecules investigated here differed among each other in their susceptibility to 2-ME
reduction. MAbs that were resistant to 2-ME reduction, i.e., M170 and EMD, required tin in form of
SnCl2 instead of SnF2 for optimal reduction of "Tcm for antibody incorporation (Table ID). ior-CEA and
Ml70 of the same IgGl subclass or 2 preparations of hlgs which comprised similar IgG subclass
distributions did not appear to share the same radiochemistry in labelling. Under optimal stoichiometry,
however, all molecules could accommodate sufficient radioactivity for patient study.
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TABLE DI. STOICHIOMETRIC FACTORS IN ANTIBODY REDUCTION AND
"Tcm LABELLING

Antibody

M170
ior-CEA
EMD
Sandoglobulin
Venaglobulin

Antibody reduction

Ab 2-ME:Ab
(mg/mL)

5
7-9
5
10
10

2000:1
1000:1
6000:1
500:1

1000:1

"Tcm-Labellin§r

Ab ug Sn(n)/mCi"Tcm

(mg/mL)

>0.550.5,SnCl2

>O.55O.l,SnF2

>0.55 0.5,SnCl2
>0.550.1,SnF2

>O.55O.l,SnF2

>0.89
>3.92
>4.42
>2.96
>1.48

Attainable
specific
activity
(GBq/mg)

2.8.3.2. Characterization of "Tcm-labelled MAbs and hlgs

Immunoreactivity of™Tcm-labeUedMAbs

Because of the lack of antigenic targets for some MAbs and hlgs, this part of the study focused
only on 2 clones of MAbs which exhibited different degree of resistivity to 2-ME reduction, i.e. ior-CEA
with molar ratio for reduction at 1000:1 and EMD at 6000:1. By ELISA technique, bindings of ior-CEA
and EMD were tested using 2 respective cell lines, namely: LS174T (colonic adenocarcinoma) for ior-
CEA and FaDu (Pharyngeal squamous cell carcinoma) for EMD. Change in antibody binding as a
consequence of chemical modification or radiolabelling was expressed in terms of immunoreactivity
index which was defined as the ratio of Line Weaver Burk slope of native antibody binding curve to that
of the modified antibody [8]. The 2-ME has long been known to induce the opening of hinge region by
reduction of the interheavy chain disulfide bridges [9]. Although the polypeptide chains remain
associated by noncovalent bonding [9, 10], the question of how this alteration in hinge region would
affect antibody immunoreactivity has never died out. In our study, we observed no change in
immunoreactivity in reduced MAbs no matter how high the reduction level was (Table IV). However,
significant decline in immunoreactivity was recognized in "Tc'Mabelled ior-CEA at the specific activity
as high as 3.92 GBq/mg. Whilst in EMD which was subjected to high level of reduction, i.e. 6000:1,
adverse change started to manifest at specific activity as low as 1.10 GBq/mg. Our findings seemed to
suggest that 2-ME reduction would generate abnormality in antibody molecule to an extent which
depended on the degree of reduction. "Tcm-conjugation appeared to behave as a means to precipitate the
hidden abnormality to manifest as adverse change in antibody binding.

Stability to cysteine challenge

"Tcm-labelled to MAbs could be transchelated in vivo possibly to cysteine species [11]. Stabilities
of "Tc^labelled MAbs and hlgs to cysteine challenge in vitro were regarded as another criterion in
MoAb or hlg characterization. ior-CEA, EMD, Sandoglobulin and Venoglobulin were exposed to
cysteine at the molar ratio of 0, 0.5:1, 5:1, 50:1 and 500:1. The magnitude of radioactivity released as a
consequence of cysteine transchelation was assayed by ITLC technique using 0.1 M phosphate buffer as
developing agent. It happened that "Tcm-labelled ior-CEA represented the most stable compound,
followed by Sandoglobulin and then EMD, Venoglobulin, the least (Table V). Stability to cysteine
transchelation seemed to reflect individuality in antibody conformation. Since it neither correlated to
antibody clonality, monoclonal versus polyclonal, nor to number of disulfide bridges in antibody
subclass, IgGl versus IgG^- Our previous study also indicated M170 of IgGl subclass was less stable to
serum protein transchelation than ior-CEA.
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TABLE IV. EFFECT OF "Tcm-LABELLING ON ANTIBODY MMUNOREACTIVITY

Antibody Subclass 2ME:Ab Specific
activity
(GBq/mg)

Immuno-
reactivity
Index

t-test

ior-CEA
(anti-CEA)

EMD
(anti-EGFR)

IgGl

IgG2a

1000:1

6000:1

0
1.39
2.62
3.92
0
0.55
1.10
2.29
4.42

1.061
0.979
0.976
0.719
0.990
0.842
0.734
0.745
0.716

p>0.5
p>0.5
p>0.5
p<0.02
p>0.5
p>0.5
p<0.001
p<0.005
p<0.001

Level of significance: p<0.005.

TABLE V. IN VITRO STABILITY TO CYSTEINE CHALLENGE OF DIFFERENT
ANTIBODIES AND IMMUNOGLOBULINS

Cysteine:Ab ior-CEA EMD Sandoglobulin Venoglobulin

0
0.5:1
5:1
50:1
500:1

5.57±0.07
4.15±0.09
4.92+0.15

13.55±0.50
33.15+0.90

4.20+0.50
5.10±1.25
6.91+1.15

29.10+2.08
65.59+2.63

3.88+0.20
3.69+0.09
4.83+0.35

24.80+0.66
55.37+1.11

3.03+0.19
3.50+0.35
6.89+0.19

41.70+0.69
72.20+0.96

TABLE VI. THE FOUR-HOUR BIODISTRIBUTIONS OF ^"-LABELLED MAbs AND higs. THE
DATA, MEAN + SE, ARE EXPRESSED AS PERCENTAGE OF INJECTED DOSE PER GRAM
OF TISSUE

Organ

Blood
Liver
Spleen
Heart
Stomach
Kidney
Femur
Muscle

M170

14.25+0.78
5.86+0.38
5.41+0.42
3.92±0.23
3.13+0.17
8.88+0.52
2.04+0.33
1.12+0.16

Monoclonal antibody
ior-CEA

16.60+1.53
5.02±0.51
4.95±0.34
4.78±0.42
2.46±0.27
8.47+0.57
1.79+0.17
1.68+0.18

EMD

3.19+0.27
7.90+0.47
1.35+0.19
1.12+0.11

35.61±3.86
6.27+0.30
1.10+0.07
0.83+0.12

Polyclonal human
Sandog-
lobulin

13.32+1.86
3.82+0.47
4.50±0.43
4.45±0.28
3.09±0.45

23.24+2.27
1.47±0.20
1.04±0.12

immunoglobulin
Venoglo
bulin

19.61±1.21
5.12+0.36
5.63+0.18
7.79+0.34
2.38+0.27

16.00+0.83
2.10+0.56
1.10+0.10

Biodistribution in mice

Four h biodistributions of 9*Tcm-labelled MAbs and higs were investigated using BALB/C female
mice (Table VI). MAbs, ior-CEA and M170, of the same IgGi subclass displayed similar organ
distribution, i.e. high blood activity and relatively high kidney uptake. Polyclonal higs that showed
different susceptibility to cysteine challenge exhibited the same patterns of organ distributions.
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In Venoglobulin, there was 0.2 mg of human serum albumin (HSA) for every mg of IgG. In our
initial work of HSA labelling, we noted that HSA could be effectively labelled with "Tcm by direct
technique. Slightly higher blood activity than what was observed for "Tcm-labelled Sandoglobulin could
be due partly to the presence of "Tcm-labelled HSA which was known as a blood pool agent. In contrast
to the rest of the proteins, EMD possessed low blood activity and extremely high uptake in stomach.
Experiments were not conducted to verify whether the cause of high activity was the consequence of
excretion of TcO4 from liver or the expression of high level of EGFR in stomach.

2.8.3.3. Development of instant kits and assessment of kit performances

Because of the limited availability of some MAbs, instant kits were developed for ior-CEA,
Sandoglobulin and Venoglobulin.

Preparation of the instant kits

The instant kit was a two-component unit, i.e. reduced MoAb or reduced hlg and concentrated
MDP-SnF2 solution.

(a) Component A. Reduced MoAb or hlg: ior-CEA or Sandoglobulin or Venoglobulin was reduced
under the stoichiometry as presented in Table HI. After 30 minutes of reduction at room temperature,
free 2-ME was removed by a sterile Sephadex column (2g, medium G-50) prechilled to 4°C. N 2 purged
PBS (pH7.2-7.4) was used as eluent. By spectroscopy (E1% lcm = 14.3 at 280 nm), the protein peak was
collected and final concentration was adjusted to 0.55-0.65 mg/mL. The MoAb or hlg solution was
sterilized by 0.22 um membrane filter. Two mL aliquot of the MoAb or hlg solution was dispensed in
each 5 mL sterile vial with rubber septum. Fill the head space with sterile N2 gas. Kits were stored frozen
under-60°C.

(b) Component B. MDP-SnF2 solution: Each mL of 5x solution of MDP-SnF2 contained 5 mg of MDP
and 340 jig of SnF2. The solution was stored under-20°C (shelf-life >1 year) until use. Before labelling,
the frozen solution was thawed and diluted with N2 purged normal saline to make 1 x solution. Each mCi
(37 MBq) of "Tcm required 0.15-0.20 ug of SnF2 for optimal reduction of "Tc"1.

Apyrogenicity

Apyrogenicity was determined by chromogenic LAL assay.

ior-CEA kit: less than 59.9 ± 42.4 EU/mg of endotoxin.
Sandoglobulin and Venoglobulin kits: less than 9.7 +.0.2 EU/mg of endotoxin.
Endotoxin limit: FDA = 350 EU/mg; USP = 175 EU/mg

Radiolabelling

Thaw the frozen kit, i.e. components A and B, and allow the unit to warm up to room temperature.
Add MDP-SnF2 (0.05 mL for hlg and 0.1 mL for MoAb) into component A then followed by "Tcm (740
MBq for hlgs and 1480 MBq for ior-CEA). Swirl gently every 2-3 minutes. The reaction was allowed to
proceed at room temperature for 15 min. Labelling efficiency was determined by the two strip technique
of instant thin layer chromatography (ITLC). ITLC-SG used normal saline solution as developing agent
and HSA-impregnated ITLC-SG developed by mixture of EtOH:NH4OH:H2O=2:l:5. Subtracting the
percentage of radiochemical impurities from 100%, we obtained the percentage of radioactivity
incorporated into the MoAb and hlg molecules.

Stability of reduced MoAb and hlgs over storage

Reduced MoAb or hlg solution possessed a shelf life of no less than 1 year (Table VII).

95



TABLE VH. STABILITY OVER STORAGE OF INSTANT KITS ASSESSED
BY 99Tcm-LABELLING EFFICIENCY

Month

1
3
6
9
12

Clinical trials

ior-CEA

98.36±0.08
98.35±0.08
97.06±0.13
96.25±0.62
98.84±0.12

Labelling efficiency (%)
Sandoglobulin

94.05±1.09
98.42+0.81
97.37+0.16
99.15±0.74
97.01+0.19

Venoglobulin

97.81+0.81
97.82+0.02

At present time, both the ior-CEA and Sandoglobulin kits are evaluated clinically. No adverse
reactions had been reported in nearly 50 patient studies. Both radiopharmaceuticals could correctly
localize lesions either known or unknown. Nevertheless, some false findings could be occasionally
encountered, i.e. false positive for Sandoglobulin and false negative for ior-CEA. Studies are underway
to compile solid evidences regarding the efficacy of this new class of radiopharmaceuticals.

2.8.4. Discussion

High count-rate from "Tcm-labelled antibody allows the great ease in distinguishing regions of
specific from non-specific uptake [12-14]. Granoska, et al. [15] have demonstrated the most accurate
results in diagnosis of ovarian cancers from the use of "Tcm-labelled antibody in comparing to other
radiolabels, such as '"in and 123I. Extensive studies on radiochemistry in "Tcm labelling of
immunoglobulin molecules have been conducted ever since. There are several techniques for
conjugation of 99Tcm with antibody molecule either by direct or indirect approach [16]. Schwarz
technique in direct labelling [7] has gained widespread interest for its technical simplicity and its
effectiveness in coupling "Tc"1 atoms with stable binding sites, presumably the thiolate groups at hinge
region of IgG molecule [7, 17, 18]. Besides, antibodies labelled by this technique are employed by many
institutes in Europe in large number of patient studies which yield satisfactory outcomes [16].

In this study, Schwarz technique could successfully bring about labelling of 3 MAbs and 2 hlgs
with "Tcm to yield labelling efficiency of greater than 95%. This obviated the need for post labelling
purification. The "Tcm binding sites as generated by 2-ME reduction were sufficient for incorporation of
"Tc"1 to the level of specific activity that made the MoAb or hlg an imaging agent. In terms of antibody
immunoreactivity, 2-ME reduction seemed to induce some degree of abnormality in population of
reduced MoAb or hlgs molecules. Apparently, the abnormality thus induced was mild and required
99Tcm-complexation for manifestation. For antibody reduced at 1000:1 in molar excess, it required a
specific activity as high as 3.92 GBq/mg for expression. This specific activity, however, was higher than
the level adopted in routine preparation. In antibody, i.e. EMD, that required harsh reduction, 6000: 1 in
molar excess, the abnormality (30% loss in immunoreactivity) appeared at lower level of specific
activity, 1.10 GBq/mg. Nevertheless, no further loss in immunoreactivity could be recognized upon
raising the specific activity up to 4.42 GBq/mg. This study suggested that hinge reduction, although
generated some abnormalities, did not prevent the MAb, even the one that received harsh treatment from
being a good tumour imaging agent. Since the increase in specific activity would enhance the detection
signal to compensate some degree of loss in immunoreactivity.

Despite differences in labelling chemistry, similar biodistribution profiles in mice were observed
among MAbs that belonged to the same IgGi subclass, or among hlg preparations that showed similar
IgG subclass distribution. High blood and kidney activities as observed for molecules used in this study
was not the unusual distribution characteristics for this class of "Tcm-labelled radiopharmaceuticals.
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Clinically, reduction-mediated labelling yields "Tcm-labelled MAbs or hlgs of high capability in
disease diagnosis. Technically, the procedures in reduction and radiolabelling are simple enough for any
hospital pharmacies to master and to develop their own in-house instant kits. In our experiences, the kits,
even in form of frozen solutions, were highly stable with a shelf life of 1 year. The obvious advantage of
the in-house kits rest not only on its readily availability but also on its low cost when compared to kits
from commercial sources. The latter appears to be one of the critical factors which permits the
application of this modern nuclear medicine technology in developing countries where expensive health
cares are nonviable.

2.8.5. Conclusions

Direct "Tcm-labelling of immunoglobulin by Schwarz technique could bring about high labelling
efficiency in all MAbs of different subclasses and hlgs from two commercial sources. Thiol reduction by
2-ME appeared to generate abnormality in antibody molecule where it remained concealed under the
labelling scale performed in routine radiopharmacy. Almost all molecules labelled exhibited
biodistribution profiles characterized as common distribution patterns observed in many "Tcm-MAbs
and "Tcm-hlgs. Reduced MAbs and hlgs were highly stable for year even in the form of frozen solution.
This vitalized the idea of in-house kit preparation not only for on-site use but also make nuclear medicine
diagnosis by "Tcm-hlgs an inexpensive technology.
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