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INTRODUCTION

For many ycars radiolabelled polyclonal antibodies have
been used for tumor imaging (1,2), but the usc of these
antibodies has been limited, since the preparations are not
Specific for tumor tissues alone. The hybridoma technology
has eliminated many of these problems, and it is now possible
to produce monoclonal antibodies that arc highly specific for
tumor associated antigens like CEA (3). Recently, there have
been many reports describing the usc of radiolabelled monoclonal
antibodies in tumor imaging (3,4), but therc is a number of
difficulties such as thosc associated to the availability of an
specific human tumor xenograft model for evaluating in vivo the
antibody biological activity (5).

In this paper computerized studies were performed with
the gamnma camera to assess the immunological activity of a
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monoclonal antibody by means of radioimmuno-imaging a subcutancous
hybridoma tumor producing monoclonal anti-CEA antibodies,

obtained in our laboratory and implanted in mice after several
months of invitrostabilization.

MATERIALS AND METHODS

[IYBRTDOMA PRODUCTION

The methodology used for cell fusion of spleen cells,
obtained from mice immunized with purified CEA, with mouse
myeloma P3-X63-Ag 8.653 as well as the selection and screening
of specific antibody secreting clones have been described
previously (6,7). The anti-CEA antibody secreting hybridomas
were cloned at lecast twice by limiting dilution. One such cell
line, named Ag, taken from a vigorously growing culture, was
ccntrxfuged and resuspended to a cell density of about 10 /m1
in PBS and derived as solid tumor in Balb/c mice.

MONOCLONAIL, ANTIBODY SPECTFICITY

A cross-over immunoelectrophoresis carried out on agar
gel in Veronal buffer, pH 8.2 was applied to assess the
specificity of monoclonal antibodies secreted by hybridoma
Ag (7).

RADIOIODINATION OF CEA

Antigen CEA was labelled by iodination with Nal257,
using the Todogen reagent (1,3,4,6-tctrachloro-3«, G«-diphe-
ny1g1¥colur11)(8) The radioactive protein, decanted from
free '25] onto a DOWEX 1-X8 resin (Baker Chem.)-5ml syringe
column was evaluated for incorporation of iodide by paper
chromatography in 10% trichloroacetic acid. The reactivity
of CFA before and after iodination was tested in a radio-
immunoassay using the MAb A4 as target for the antigen (7).

RADIOIMMUNO IMAGING

A Balb/c mouse bearing a non-palpable subcutancously
growin% %raft of anti-CEA producing hybridoma A4 was given
S0uCi [2°1-CEA intravenously in 0.1ml PBS. The total body
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images were obtained at 1,24,43,72 and 144hs with a Technicare
Corp. Gamma Camera, using a high resolution collimator. Images
ol 20,000 counts or 20min, whichever ocurred first, werc
obtained and processed by a MCS 560 computer system (9).
Another mouse, with a good size A, hybridoma tumor of 4.8¢,
orally pretrcated for 4 days with lugol's solution to minimize
non-specific uptake of unincorporated radioiodine, was injected
intravenously with 125[-CEA and the images obtained in the same
conditions . After correction for radioactive tracer decay and
differences in counting time, results were cxpressed as number
of coumts per pixel (minimal information unit of the computer
image screen) of a 128x128 matrix display.

RESULTS

Once conditions for optimal incorporation of iodine 1251
were lound, the effect of iodination on the immunological
rcactivity of the labelled CIA was carried out by cross-over
immunoelectrophoresis (Fig.1). 1251-CEA was immunoprecipitated
by MAb-A4 as well as by mouse anti-CEA serum, but not by a MAb*
used as control.

A Balb/c mouse, bearing a non-palpable Aj hybridoma tumor,
was injected with ]Zél—CEA and imaged at daily intervals (Fig.2ZB).
As can be scen, the radioimmuno-localisation was clearly visible
by camera scintigraphy, 24hs after administration of the labelled
probe and became increasingly clear throughout the study. Only
tumor and thyroid tissue remained visible by day 7. Table 1
lists computer-integrated counts from pixels over the total body,
tunor, liver and thyroid tissue. Whole-body activity remains
ncarly constant during the analyzce time. Tumor radioactivity
uptake showed progressive antigen accumulation during the first
3 days and no loss thereafter, suggesting that the antigen is
rctained in the tumor during the observation period. As expec-
ted, there was an important uptake of free radioiodine by the
thyroid gland, whereas for the liver it declined after a non-
specific initial binding.

A mousc bearing a well developed A, hybridoma tumor of
4.8¢ was imaged in the manner described above but previously
treated with 1K to block the thyroid gland (Fig.2C). Two days
after i.v. injection of the labelled preparation, the tumor was
only visible after computarised substraction of the th background
image.  The high blood level of circulating MAb-Ag released by
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lig. 1 Cross-over immunoelectrophoresis. The protile curve

of radioactivity in agar-gel strips is shown for:
(a)anti-CEA MAb A4; (b)mouse anti-CEA serum and

(c)control mouse serum.

the hybridoma tumor might decrecase

capable of reaching the tumor mass.

When a control mouse with an
8.653-subcutaneous graft, was also

the amount of 1251-CEA

implanted myeloma X63-Ag
given 50uCi of 125I-CEA i.v.,

the tumor was not visible at any time after injection of the

* [jorenstein, A.L. et al. (Unpublished results).
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d

a

Fig.2 Gamma Camera scintigraphy for tumor localisation using
125I-CEA in mice bearing: a non-palpable A4 hybridoma
tumor (b); a 4.8g-subcutaneous A4 hybridoma tumor (c)
and a myeloma tumor (d). The initial image obtained
Th-post injection of 125I-CEA for mice (b),(c) and (d)
is shown in (a).

labelled CEA and no specific organ localisation was observed
(Fig.2D).

DISCUSSION

An antigenic determinant associated with CEA has been
recognised in vitro by a MAb obtained in our laboratory. The
immunoprecipitation of 125I-CEA by MAb-A4 and the lack of cross-
reaction with a control-MAb* confirmed that the mild Iodogen
technique caused no reduction in immunoreactivity and specifici-
ty of the labelled antigen.

Gamma Camera scintigraphy was applied to analize the in
vivo reaction of 125I-CEA with MAb-A4 produced by an hybridoma
allograft implanted on mice. Our data showed a preferential
localization, quickly achieved, of the labelled probe in the
subcutaneous hybridoma tumor compared to other organs, as
function of time. The tumor to whole-body ratio continually
rose, indicating no dissociation of antibody-antigen complexes
attached to the tumor cells, which contribute to improve imaging
as seen by scintigraphy. Moreover, the radioimmuno-localization
of a non-palpable tumor, suggest the possibility of an early
detection of a tumoral mass. In addition, since the majority
of uptake of 1251-CEA was completed by 72hs, the use of higher
7 -emitting shorter-half life radionuclides (ex:1231, 1311) is
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TABLE 1:

Computer-integrated counts from pixels over the Total body, tumor,
thyroids and liver.

counts x

ixel |Total body (%) Tumor (%) ' Thyroids (%) Liver (%)

hours | g

, A
1 17.4 (100) | 1.0 ( 5.7) | 11.2 (64.3) | 32.8 (188)
24 16.6 (100) j 3.6 (21.6) i 31.5 ( 189) 31.8 (191)
48 19.0 (100) 4.9 (25.8) 46.0 ( 242) 25.3 (133)
72 19.4 (100) 9.3 (47.9) 68.5 ( 353) 24.0 (124)
144 17.5 (100) 9.0 (51.4) 72.2 ( 412) 179 (102)
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fecasible. The increase of counts over thyroid gland was proba-
bly due to in vivo dehalogenation of !251-CEA, metabolised by
the liver, and sequestration of free radioiodide in the thyroid.
Accordingly, there was no accumulation of radioactivity when
the thyroid uptake was blocked with IK solution. The diffuse
distribution of the radioactivity observed in the control mouse
suggests that 1251-CFA reacted specifically with the MAb Ay
molecule in situ.

Radioimmuno-scintigraphy with '251-MAb has been performed
in nude mice bearing human tumors producing CEA (3). However,
when xenografts of antigen producer tumors are difficult to
obtain, the use of our animal model provides a tool for in vivo
visualization of the antigen-antibody reaction.

RESUMEN

Con el objeto de estudiar la actividad inmunoldgica
"in vivo' de un anticuerpo monoclonal (A4) dirigido contra el
antigeno carcinocmbrionario (CEA) se inyectd por via endovenosa
50uCi de CEA, marcado con el radiois6topo 1251, a ratones porta-
dores de implantes subcutincos del hibridoma productor del anti-
cuerpo monoclonal Ay.

Utilizando una Camara Gamma se¢ obtuvieron imagenes, de 20K
cuentas 6 20min indistintamente, de cuerpo entero a las 1,24,48,
72 y 144 horas luego de la administracion de la sonda radioacti-
va. El1 tumor fuec radioinmunolocalizado a las 24h, aumentado la
incorporacién especifica de 1251-CEA a lo largo del estudio.
Resultados similares fueron obtenidos en ratones portadores de
hibridoma A4 palpable o no palpable mostrando la posibilidad de
una observacién precoz. FEstos resultados permiten la aplicacién
de este modelo animal para la observacidén in vivo de una reaccion
antigeno-anticuerpo.

SUMMARY

To assess the immunological "'in vivo' activity of mono-
clonal antibody A,, specific for carcinocmbryonic antigen (CEA),
micce bearing subcutaneous growing grafts of hybridoma A4, producing
anti-CEA antibodies, were given 50uCi of 125T-CEA intravenously.
Total body images were obtained at 1,24,48,72 and 144h with a
Gamma Camera. Images of 20K counts or 20min, whichever ocurred
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first, were obtained and processed by a computer system.
Radioimmunolocalisation was clearly visible by camera scintigra-
phy 24h after administration of the labelled probe and became
increasingly clear throughout the study. Images were similar
in mice bearing palpable or non-palpable hybridoma tumors.

We conclude that our animal model provides a tool for in
vivo visualization of the antigen-antibody reaction.
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