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Abstract The ability of the monoclonal antibody TU-20
and its scFv fragment to bind specifically to the C-end of
the class III f-tubulin makes these substances useful as
potential diagnostics for neurodegenerative diseases—
especially peripheral neuropathies. TU-20 and its scFv
were labeled with '*°T and '*’I by chloramine-T (with
radiochemical yield 75 and 50%, respectively). Radio-
chemical purity and stability was revealed by gel filtration
(decrease to 80 and 50% in 2 months, respectively).
Immunoreactivity of the labeled TU-20 was determined by
ELISA—the range of the preserved immunoreactivity var-
ies from 60 to 95% in accordance to the used radiolabeling
process. RIA and affinity coupling analytic methods were
specifically designed with focusing on specifics of the
antibody and its fragment. The results of RIA differ in
depandance on the type of the reaction vessel (glass or
polystyrene) and the affinity coupling results depend on the
experimental arrangement—in the batch or on the column.
Fragmentation of the labeled antibody and its fragment was
estimated by bis—tris gel electrophoresis followed by silver
staining and autoradiography (over 95% of radioactivity
bound in the substances). The antibody binding in tissue
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slices was studied in vitro by immunohistochemistry.
The Purkinje cells were observed conjugated with the
radiolabeled substances, either TU-20 or its ScFv fragment
in the area of the cerebellum. In vivo biodistribution of
'PLTU-20, '*I-scFv TU-20, '*I-scFv TU-20 and Na'*’I
was proceeded in normal mice (wild type C57B/6/J). Both
biomolecules labeled by '**I were also proved in an
imaging biodistribution study with use of the SPECT
camera. Finally, a transgene population G93A1 Gur was
used for comparative study to show the different behaviour
of the substances in a normal mouse and in the modified
organism with amyotrophic lateral sclerosis. The most part
of differences is observed in the area of the muscles, rostal
and caudal spinal cord. In summary, the monoclonal anti-
body TU-20 and its scFv were successfully radioiodinated
and afterwards analysed by several quality control methods
and biodistribution studies which confirmed their preserved
or expected immunoanalytical characteristics in normal
and genetically modified organism.

Keywords Monoclonal antibody TU-20 - ScFv TU-20 -
Radiolabeling - Biodistribution

Introduction

The principal goal of the investigation monoclonal anti-
bodies and their fragments was to examine the possibility
of developing of an imaging radiotracer that would be
specific for cytoskeleta of destructed dendrites and neuro-
nal bodies. One of the suitable fitting marker, characteris-
tical for neuronal tissue, performs anti III S-tubulin
(pTclIll) antibody—TU-20 with molecular weight 150 kDa
and its scFv fragment with molecular weight 27.7 kDa [1].
The scFv fragment of TU-20 was synthesized for its higher
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mobility through tissue and vascular barriers. Biochemical
characteristics (especially immunoafinity) of the specific
binding substance—anti III f-tubulin scFv fragment—is
preserved, and, moreover, the biological availability is
much better than in case of the whole antibody.

To examine this hypothesis, it is necessary to radiolabel
both substances with '°I and '?’. The next step is
chemical analysis and, furthermore, biochemical properties
are extensively investigated. The quality control, per-
formed by gel filtration, electrophoresis, ELISA testing
determines adequate properties of the radiolabeled sub-
stances for further studies. Affinity coupling and RIA
analytic methods occur under development with focusing
on specifics of the antibody and its fragment behavior [2].
In vitro experiment shows an extent of the preserved
binding specificity of the species by incubation of the both
radiolabeled substances with mice brain slices followed by
an autoradiography. The in vivo biodistribution confirmes
the elimination of the radiolabeled TU-20 and scFv from
mice. The bi-exponential model for two-phase clearance
to determine short phase half-life t;,, and long phase
half-life t;;,p values is used. For comparative study, a
transgene population G93A1 Gur was chosen to show
different behavior of the substances in normal mouse and
in modified organism with amyotrophic lateral sclerosis
(ALS).

The main objective of this work is to develop a method
for direct imaging of the structural degradation of periph-
eral neurones by various types of neuropathies.

Methods and materials

The monoclonal antibody TU-20 and its scFv was pur-
chased from Exbio, CZ. The antibody recognizes the
peptide sequence ESESQGPK. ScFv TU-20 is a recombi-
nant protein expressed in E. coli [1].

1251 (T, = 59.4 h) radioiodination of TU-20 and scFv
TU-20 was performed via chloramine-T with or without
stopping reaction with thiosulfate agent in the phosphate
buffer saline (PBS) pH 7,4. The ratio of an amount of
TU-20 to radioactivity was 1 pg to 5.5-7.0 MBq of '*IL.
The ratio of an amount of the fragment to radioactivity was
1 pg to 1.5-2.0 MBq of "I

1231 (T, = 13.3 h) radioiodination of the fragment
scFv TU-20 was performed via chloramine-T with stopping
reaction with thiosulfate in PBS. The ratio of an amount of
the fragment to radioactivity was 1 pg to 3-5 MBq '*I.

In both cases, at the end of labeling, the reaction mixture
was loaded on the top of a BSA-blocked polyacrylamide
desalting column with an exclusion limit 6 kDa. Fractions
were eluted with 0.1% BSA in PBS and measured for
radioactivity.
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The immunoreactivity of the radiolabeled monoclonal
antibody TU-20 was determined by an enzyme linked
immunosorbent assay (ELISA) using the commercial set
for detection of mouse anti-f III tubulin antibodies from
VIDIA, CZ [2, 3].

Affinity coupling was develop by use the basic matrix
activated Sepharose 4 Fast Flow by Pierce which was
modified specific binding octapeptide. RIA analytic
method was developed in two modifications of surface of
the reactive vessel.

Stability of the radiolabeled TU-20 and its scFv TU-20
was investigated on 4-12% Bis—Tris gel electrophoresis.
Protein bands were visualized by staining the gels with
Silver Stain Plus. '*’I-labeled scFv fragment was processed
by autoradiography exposing plate BAS-SR 2025, and
finally developed by BAS-1800II. Autoradiographs were
evaluated by AIDA 2.0 software.

Preserved binding properties of the radiolabeled MAD or
scFv for neuronal tissue were confirmed by the “method of
double labeling”. It is based on the immunohistochemistry
and autoradiography of the brain tissue slices. The 50 pm
thick brain slices from “wild type” mouse (C57B/6/J) were
incubated with the radiolabeled TU-20. The second incu-
bation was performed with anti-mouse IgG polyclonal
antibody conjugated with horseradish peroxidase (Sigma-—
Aldrich, USA). Afterwards, the immunohistochemistry was
finalized by staining with 3,3’-diaminobenzidine that
revealed the neuronal structure [4-06].

The in vivo biodistribution was carried out with the
male normal mice—“wild type” C57B/6/]. Biodistribution
studies were performed following an i.v. injection. The
main focus is intended for scFv fragment due to its better
mobility in organism [7].

125 labeled scFv fragment, for comparison with the
biodistribution of Na'*’I, was applied in amount of 50 kBg/
50 pl. "*I-labeled scFv fragment was injected in amount of
200 kBq/50 pl. Mice were sacrificed at designated times
points in groups by three animals. The kinetic time intervals
were: 3, 6, 12, 24, 48, 72, and 144 h for '*’I-labeled scFv
TU-20 fragment and 0.5, 1, 2, 3, 6, and 12 h for '**I-labeled
scFv fragment. Blood and major organs (included thyroid
gland, kidneys, lung, heart, brain, spleen, muscle, fat, skin,
gallbladder, testicles, stomach, liver, small intestine, and
colon) were removed, weighed, and counted in a gamma
scintillation counter to determine the %ID/g (percentage of
injected dose per gram) for each radiolabeled substance.
Blood clearance data for '*’I-labeled scFv fragment were
obtained by analyzing blood samples by using a bi-expo-
nential model for two-phase clearance to determine short
phase half-life t;,, and long phase half-life t;,,5 values
[7, 8I.

[123I]scFv TU-20 and [123I]TU-20 behavior in mice
(“wild type” C57B/6/J) was observed by use of the SPECT
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camera. Kinetic intervals were 0.5, 1, 2, and 3 h by
['*I]scFv TU-20 and 1, 2, 3, and 6 h by ['**I]TU-20.

Transgene population G93A1 Gur was used for com-
parative study to show different behavior of the substances
in normal mouse and in modified organism with ALS.
Biodistribution kinetic intervals were 3 h (‘*I-scFv) and
6 h (‘**I-TU-20) [9, 10].

Results

TU-20 and its scFv were labeled with '*°I and '*’I by
chloramine-T (with radiochemical yield 72 and 50%,
respectively). Radiochemical purity and stability was
revealed by gel filtration (decrease to 80 and 50% in
2 months, respectively).

Fragmentation of the labeled antibody and its fragment
was estimated by bis—tris gel electrophoresis followed by
silver staining and autoradiography (over 95% of radioac-
tivity bound in the substances), see Fig. 1.

- = !
Fig. 1 Gel electrophoresis analysis of [1251]TU-20—autoradiography
and silver staining

Fig. 2 ['*I|TU-20
autoradiographical and
immunohistochemical image
of the coronal mice brain slice

o

Affinity coupling and RIA adaptation for the specific
conditions showed 10-30% preserved immunoreactivity of
the labeled compounds. Otherwise, these methods carry out
quite high discrepancy and it will be necessary to provide
further optimising search.

In vitro studies performed on mice brain slices con-
firmed several important assumptions. The antibody is
preferentially bound in the layer of Purkinje cells in the
cerebellum, see Fig. 2.

SPECT camera in vivo experiment deals with these
results: activity bound in scFv is primarily distributed to
the thyroid gland and digestive tract, then passes quickly
through kidneys, see Fig. 3. Distribution images of the
labeled TU-20 provides ambiguous because the substance
is accumulated in the chest and ventral part and image
resolution do not afford more detailed biodistribution
identification. However, it is known from previous bio-
distribution preparative study that activity is distributed in
lung, heart, liver, stomach and colon in first 6 h. The t;/,,
values for '*’I-labeled TU-20 was calculated from the
previous study as 8.6 h and, respectively, in addition, the t,
»p value was calculated as 150.7 h [11].

In vivo experiments were focused on investigation of the
blood clearance and organ distribution of the radiolabeled
TU-20 and scFv fragment in mice. Let’s show especially
the results from scFv biodistribution study in preference,
see Figs. 4 and 5. It was verified that the major part of
activity, according to the amount of the labeled scFv
fragment, was eliminated from blood during 2-3 h. Minor
part of activity, according to the amount of the labeled scFv
fragment (0.5-1.0%), was kept in the blood for some days.
The value t,/,, for '*I-labeled scFv fragment was calcu-
lated as 2.3 h and the t;,5 was estimated as 62.4 h.

The half-life for overall elimination of Na'*I from
blood was 4.5 h. In comparison, we found that the 1251
labeled scFv fragment uptake in thyroid gland appeared
much lower than for Na'?L, as expected. The t;,,, value for
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Fig. 3 ['ZI]scFv TU-20
SPECT camera images—
biodistribution study in kinetic
intervals 0.5, 1, 2 and 3 h

125 . .
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Fig. 4 ['*°I]scFv biodistribution in normal mice
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Fig. 5 []23I]SCFV biodistribution in normal mice

123Jabeled scFv fragment was calculated as 1.4 h, but the
long phase elimination half-life t;,»5 was not estimated due

to short half-life of the isotope '*’I.
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The radiolabeled scFv fragment passed in general
through the digestive tract (stomach and intestine) and
finally was eliminated through kidneys in preference
TU-20 and ScFv TU-20 showed suitable properties for
further investigation in animals which are genetically
modified mutants with the ALS. Comparing biodistribution
experiments in modified organism confirmed expected
behavior. The most significant biodistribution differences
occured in the area of the limbs and caudal part of spinal
cord and spine.

Conclusion

TU-20 and its scFv fragment were successfully labeled
with radioiodine '*’I and ', and, subsequently, the bio-
chemical and analytical characteristics were investigated.
Biological properties of the radiolabeled TU-20 and its
scFv were evaluated in vivo by biodistribution studies. The
expected behavior of biomolecules during their elimination
was observed—much faster kinetics and better in the case
of the scFv fragment, but, on the other hand better in vivo
stability in the case of the whole antibody TU-20. Fur-
thermore, the elimination parameters were calculated—the
half-life of the both phases in the biexponential elimina-
tion model. '*I-labeling of the TU-20 and its scFv is very
suitable for investigation of the radiolabeled antibody
fragment behavior and properties due to the long '*°I half-
life. On the other hand, '**I-labeling of the scFv fragment
TU-20 is intended for practical imaging at SPECT
camera.

In summary, TU-20 shows better immunospecific
behavior in organism together with slower kinetics, on the
other hand, scFv TU-20 reveales worse immunospecific
characteristics in combination with much faster kinetics.
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