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MONOCLONAL ANTIBODY AS RADIOPHARMACEUTICAL*®

Iracelia Torres de Toledo e SOUZA, Helena OKADA
Constancia Pagano Gongalves da SILVA

COMISSAO NACIONAL DE ENERGIA NUCLEAR-SP
INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES
Caixa Postal 11049 - Pinheiros
05499 - Sao Paulo ~ BRAZIL

ABSTRACT

The purification of anti-CEA monoclonal antibody 4Cl1
belonging to Ig,G2a subclass from mouse ascitis, donated by Ludwig
Institute, Brazil was developed. The fragmentation of purified
1gG,, by pepsin digestion and analytical studies by polyacrilamide
gel electrophoresis in the presence of sodium dodecyl sulfate
(SDS~-PAGE) were done as preliminary asseasment for their specific
application in immunoscintigraphy.

(*) Paper presented at the ath European Symposium on Radiopharmacy
and Rediopharmaceuticals, in Baden-Switzerland, May 1-4, 1891.
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ANTICORPO MONUCULONAL COMO RADIOFARMACO

Iracelia Torres de Toledo e SOUZA, Helera OKADA
Constancia Pagano Gongalves da Silva

COMISSAQO NACIONAL DE ENERGIA NUCLEAR-SP
INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES
Caixa Postal 11049 - Pinheiros
05499 - Sao Paulo - BRASIL

RESUMO

A partir do fluido ascitico de camundongo, contendo o anti-
corpo monoclonal anti-CEA 4Cl1, subclasse I4G,,, doado pelo Instituto
Ludwig/Brasil, desenvolveu-se procedimentos imunoquimicos cbjetivando
@: separagao da imunoglobulina IgGpg, clivagem pepsinica da 1gG5, pa-
ra obtencao de fragmentos bivalentes e monitoracao por eletroforese
de gel de poliacrilamida na presenca de dodecil sulfato de sodio, co-
mo uma metodologia preliminar indispensavel ao alcance de um reagen -
te imunologico adequado ao uso clinico.

(*) Trabalho apresentado no 4t Eurocpean Symposium on Radiopharmacy
and Radiopharmaceuticals, Baden-Suiga, de 18 a 4 de maio de 199L



INTRODUCTION

Since of the development of Hybridoma Technology (Kihler and
Milstein,1575) monoclonal antibodies have found an increasing number of
applications and uses. The availability of monoclonal antibodies totumour
associated antigens having a high degree of specificity has contributed
to more extensive in vivo use of radiopharmaceuticals. It was soon obvi-
ous that, prior the clinical applications, a lot of immunochemical work
has to be done for each monoclonal antibody. 1t was necessary to develop
affinity chromatography methods in order to isolate the specific IgG frac
tion (Primus et al.,1977). The intact IgG molecule is the easiest to use
but because of its size and its ability to bind to Fc receptors, it may
not be an ideal radiopharmaceutical. Fragments of the IgG molecule lack-
ing the Fc¢ portion is the most sppropriate t use. Reduction of the immu-
noglobulin (IgG) size to fragments by enzymatic cleavage has been exten
sively described in the literature (Lamoyi,1986). The use of fragments
has resulted in markedly distinct blood clearance and tumour localization
patterns from that intact immunoglobulin (Larson et al.,1983).Classicaly
papain and pepsin have been the enzymes employed in the generation of
jmmunoreactive fragments of monoclonal antibodies (Nisonoff,1960, 1961).
The purity of immunoglobulin IgG and their fragments are conveniently mo
nitored by polyacylamide gel electrophoresis in the presence of sodfum
dodecyl sulfate (SDS-PAGE). The SDS-PAGE is a powerful tool for protein
separation and characterization. Several systems for SDS-PAGE have been
described, the most commonly is that devised by Laemmlj, 1970 using disc
gel electrophoresis which was later adapted to slab gels by Studier,1973.
The system is characterized by a discontinuity in the buffer pH and in
the polyacrylamide pore size. The gel is divided into lower running gel
and a shorter upper staching gel.

The aim of this study was to develop an experimental protocol
to optimize the purification of anti-CEA monoclonal antibody 4C1° belong
ing to Inga subcless, fragmentation of the purified immunoglobulin nﬂba
subclass and analytical studies by sodium dodecyl polyacrylamide gel e~
lectrophoresis (SDS-PAGE) as a preliminary assessment for their specific

application in immunoscintigraphy.



MATERIAL AND METHODS

Ascitic fluid from BALB/c mouse carrying the anti-CEA 4Cl1 mo

woclonal antibody IgG‘?a subclass was generously provided by Ludwig Insti

sute,

Sao Paulo/Brazil.

(. PURIFICATION OF ANTI-CEA 4C11 Igﬂza

Anti-CEA 4Cl1 IgG2a monoclonal antibody is purified by

affinity chromatography Protein A-Sepharose according to Ey etal, 978

PROCEDURE
1.5g of Protein A-Sepharose (Pharmacia Fine Chemijcals) is resuspended
in 5.0 ml 10mM phosphate buffered saline (PBS) pH 8.0 and packed
into a small column (e.g. 10 ml glass-pippete).
The column is "pre-cycled” prior to use with 0.1 M sodium citrate-
citric acid pH 3.0 to remove bound material.
The column is equilibrated with 0.1M phosphate pH 8.0.
Sample (1 ml of ascitic fluid is mixed with 0.5 ml of 0.1 M phos-
phate buffer pH 8.0)
Sample at pH 8.0 is added to the column; in these conditions all IgG
are retained and all other proteins are eluted.
The column is washed with 0.1M phosphate pH 8.0,
The column efluent is monitored at 280nm an LKB UVICORD S.flow mo-
nitor and recorder.
IgG2
pH 4.5,
Denaturation of IgG28 is minimized by adding sufficient 1M Tris-HC]

a is eluted from the column using sodium citrate-acid <citric

pH 9.0 for each tube to ensure neutralization of the collectedfrag
tions.

Fractions of approximately 3.0 ml are collected of flow rate of
0.46 ml/min.

After each use the column is washed with 0.1M sodium citrate-citric
acid pH 3.0 to eliminate found material, reequilibrated at pH 8.0
and stored at 4%,

The concentration of Inga is determined by optical density at 280nm

using an extinction coefficient c1%= 14.

The purity of 1gGp, is evaluated by SDS-PAGE.



2.

FRAGENTATION OF NONOCLONAL ANRTIBODY

The optimization of the different parameters, such as en
zyme/Ig,G2a ratio, incubation time, temperature and buffer pH, is es-

sential for the success of the fragmentation process (Lamoyiﬂsaadgﬂﬂ

SOLUTIONS
- Sodium acetate 0.1M pH 7.0
- Acetic acid M
-~ Sodium acetate buffer O.1M pH 4.2
- Tris-HC1 buffer 2M pH 8.0
- Sodium hidroxide O.5SN
~ Pepsin (2mg/ml) sodium acetate buffer 0.1M pH 4.2

PROCEDURE

~ Immedjately before digestion, adjust the pH of the purified IgG28
to 4.2 by adding 2M acetic acid, and warm the solution to 37°C.

~ Add 1 mg of pepsin per 20 mg of Inga.

- Incubate the mixture at 37°C for 24 hours.

- to stop the digestion add 1/40 volume or 2M Tris-HCl1 pH 8.0 and
raise the pH to 8.0 with O.5N NaOH.

-~ F(ab'), fragmentsare separated from intact antibody and Fc portions
by application to a Protein A-Sepharose column equilibrated in
phosphate buffer 0.1M pH 8.0. The F(ab'), fragmcnts are eluted with
void volume, while undigested IgG2a are eluted after equilibration
of the column with citrate-~citric acid buffer pH 4.5,

- The optical density at 280nm is used to determine protein concen-
trations, using the extinction coefficient £1%= 14 for fragments
as well as whole antibody (Dernignot et «l.,1989).

- The purity of the final material is evaluated by SDS-PAGE.

SDS-ELECTROPHORESIS

The basis 30:8/100 acrylamide N,N methylethylene diaminebis
acrylamide formulation of Shapiro et al.,1967 is used throughout at
either 5%, 8% or 10% final acrylamide concentration, depending upon
the desired molecular weight range.

Acrylamide poisoning: acrylemide is a neurotrotoxin(Kuperman,
1958), it must never be pipetted by mouth, or allowed to contact the



skin. Always wear mask and gloves when weighting the power.
SLAB GEL ELECTROPHORESIS APPARATUS

The apparatus for molding gels is available commercially
but it is excessively expensive. Fortunately a slab gel suifedfbrihe
slsb gel electrophoresis can be made simply and inexpensively from a-
crilic plastic by a machine shop.

Essentially the apparatus consists of:

- Slab gel electrophoresis tanks: two buffer reservoir (lower and up-
per):

~ A pair of glass plates (14cmxl16cmx0.3cm). One of the plates presents
2 cm deep and 13.2 cm long notch cut out from one of the edges;

- Three acrylic spacers (1 cm wide and 1 mm thick). The common method
of assembly is to use three spacers one of each side and one for the
base of glass plate assembly. These are sealed by dripping molten
3X agar in water around the edges after assembly.

-~ The slab "running” gel is prepared between two glass plates. The
plates are clamped together with six large binder clips.

- The spacer along the botton edge is removed after the polyacrylami-
de gel has polymerized and prior to electrophoresis.

— One acrilic plestic comb 10 wells (1 mm). The comb ncermally to mold
emall slots into the "stacking" gel for sample application.

~ Microlitre syringes; for loading samples onto the gel.

- Pipettors with plastic disposable pipette tips.

- Power supply.

- Water pump.
REAGENTS AND SOLUTIONS

Details of buffer and stock solutions are given in TAHE L

PAOCEDURE

Assemble apparatus.

“Running” gel. Selected desired acrylemide concentration (TABLE 2).
"Stacking” gel (TABLE 3).

Boad sample: sample to be run on SDS slab gels should be prepared in
BDS semple buffer (0'Farrel,1975) (TABLE 4).



TABLE 1

SOLUTIONS FOR SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS
(Double distilled water should be used throughout)

SOLUTION

SOLUTION A
30% acrylamide-bis-
acrylsmide (1:38)

RECIPE

30g acrylamide,B8g N,N'methylere-bis-acrylamide
in water to 100ml.Store at 4 C protected from
light.

SOLUTION B
Lower gel buffer

SOLUTION C
30% acrylamide-bis-
acrylamide (1:16)

to 80m]l water,add 13.2g Tris and 0.4g SDS. Ti-
trate to pH 8.8 with 6N HC], then make up 100ml.
Store at 4°C.

30g acrylamide,l,6g N N’nethlene-bis-acqﬂaudde
in water to 100ml.Store at 4°C protected from
light.

SOLUTION D
Upper gel buffer

to 80m]l water,add 6.06g Tris and 0.4g SDS. Ti-
trate to pH 6.8 v%th 6N HC1,then make up to
100ml. Store at 4°C.

SDS 20% Sodium dode
cyl sulfate

to 100ml water,add 20g SDS.The solution should
be both clear and colourless.It is stable at
room temper-ture for several weeks but precip-
itates in the cold.

10% ammonium persul
phate

to 1ml water,add 20mg ammonium persulphate.This
solution is unstable and should be made fresh
Just before use.

N,N,N'N'-tetramethyl
ethylene
TEMED

TEMED used as snpplied It is stable in undiluted
solution at 4 °C in a dark bottle.

Stock electrode buf
fer so.ution
(electrode buffer)

to 900ml water,add 24g Tris and 115.2 glycine,
Titrate to pH 8.5 with 6N HCl1,then make up to
100ml. Store at a°c.

(4x stock,0.1% SDS when diluted)

Semple solubjlizing
buffer (SDS-Sample

to 18.5m1 water,mix 2.5m1 solution D;2.5ml 20%
SDS;2.0ml glycerol;0.1lml EDTA (0.1M in water).
Store small aliquots frozen.

Molecular weight mar
kers

A number of proteins standards are commercially
available.The sample -should be prepared accord
ing to the manufacturer specifications.

-Fixing solution

S0%(v/v) methanol;10%(v/v) acetic acid;40% wa-
ter.

Staining solution

0.2%(w/v) Coomassie Blue in the fixing solution.

Destaining solution

10%(v/v) methanol;7%(v/v) acetic acid:83% wa-
ter.

Bromophenol Blue

0.1%(w/v) water.
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TAMLE 2

MANING CELS

The recipes tabulated below yield sufficient volume of gel mixtu-
re for one standard-size slab gel

% Acrylamide 5.0 8.0 10.0
Doubly distilied n.z 9.7 8.4
water (ml)

Solution A (m}) 3.3 5.3 6.7
Solution B (wl) 5.0 5.0 5.0

Amsonium persulphate 0.3 0.3 0.3
(m1)

Solutions are mixed snd deserated in s water pusp

TENED (1) 20.0 20.0 20.0

Iamediately after addition of TEMED the running gel is  rapidly
poured between the gless plates, up to about 2.5¢m below the
notch. The gel is then gently overlayed with double distilled
wvater. In the ssmonium persulphete TENED system, TEMED cetalyses
the formation of free radicsls froe persulphate end these in
turn initiete polywerization.

TAMLE 3

STACKING Gl

The recipes tabulated delow yield sufficient voluse of gel mix-~
ture to polymeryzed on top the "running gel”.

Double dintilled wnter (ml}) 3,17

Solution C (w}) 0.50
Solution D (m}) 1.29
Ammonium Persulphate (ml) 0.07%

Solutions are mixes and dears’ed in a vater pump.

TENED (ul) 20

=Remove the overlay on to the top of the gel. Intert the comb and
fill the empty space with the stacking gel solution. Polymeriza-
tion will occur within 30 min.

=After polymerization the comd is carefully removed to expose the
somple wells,

afNote that the acrylaside concentration of the etacking ge} for
the 3D8 discontinuous system is constant irrespective of the a~
crylamids concentration chosen for the rumning gel.
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TABLE 4

PREPARATION OF THE SANPLES

Samples and standards are diluted in electrode buffer and are
mixed with an adequate volume of the mixture tsbulsted below.

MIXTURR
8DS semple buffer (ul) 370
Beta-mercaptoethanol (pl) 10

(reduced ngent)

Bromophenol Blue (pl) 20

- Zach sample should be heated at 100°C for 2-3 min.

- Sample sise: The maximum sample volume possible is determined
by the size of the sample ~ells that is formed in the mstacking
”lo

~ Tipically, load 20-40 ul sample, containing 2-20 ig protein,
SDS sample buffer can be prepared without beta-mercaptoethanol
if proteins sre to be run without reducing disulfide bonds.
Beta-mercaptoethanol is used to disrupt polypeptide disulfide
bonds.

Load gels intoslab gel tanks with the notched froﬁt plate facing the
upper reservoir,

Fill the lower reservoir with electrode buffer.

Remove any bubbles trapped between the glass gel plates at bottond
the gel with a syringe and bent needle.

Fill the top reservoir with electrode buffer.

Run at 100V (constant current) at room temperature until the bromo-
phenol, blue line reaches the botton of the gel (4-5 hours). The a-
node in the lower electrode and the cachode is the upper one.

Turn off current, remove gel and discard the "stacking'" gel (eave
the SDS electrode buffer for use in the lower reservoir during the
next run).

Place slab gels into stain (0.2% Coomassie blue) for 1 hour.Paur off
the stain and save.

Destain with destaining solution,
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(1)
(\ Protein peak
(pH 8.0)
(2)
ﬂ 1gG, peak
(pH"4.5)
e
(-
Fractions

Pig 1. Elution of 1gG a from Protein A-Sepharose (ascitic fluid 1lml was
mixed with buffer pH 8.0). Fractions eluted at pH 4.5 were col-

lected.
g
e 10, indigested
© (1) 2 d Fe
(pH 4.5)
F@ab'), fragments
(pH 8.0)

Fractions

Pig 2. Elution of F(ab'), fragments from Protein A-Sepharose.The F(ab'),
fragments were eluted with void volume a* pli 8.0 while indigest
ed I]Gza and Fc were eluted after equilibration of the colum at
pH 4.5,
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RESULTS

1. PURIFICATION OF ANTI-CEA 4Cl1 Igﬂza

Ascite containing 4C11 monoclonal antibody IgG2a class
was adjusted to pH 8.0 and passaged through the Protein A-Sepharose
column which was washed sequentially et pH 8.0 and pH 4.5. At pH 4.5
amounts of IgG2a were collected in 4-5-6 effluent fractions. The op-
tical density at 280nm was used to determine IgG2a concentrations,us
ing the extinction coefficient 51% = 14, At a concentration of

lcm
1.4 mg/ml; the OD2 of the fractions was: 3.09; 3.10 and 3.00; re-~

80

presenting a 1gG, concentration of 2.20; 2.20 and 2.14 mg/ml respec

2a
tively. The fraction size was 3.0 ml.

The OD280 profile of this elution is depicted in Figme 1,

2. FRAGMENTATION OF MONOCLONAL ANTIBODY

The bivalent F(ab'), fragments were prepared by incubating
the purified 1gG, with pepsin at pH 4.2 for 24 hours at 37°c.  The
protein to enzyme ratio was 20:1.

The F(ab'), fragments were separated from Inga and pro-
teolytic fragments by application to a Protein A-Sepharose column
equilibrated at pH 8.0. The F(ab'), fragments appeared in the ubound
fractions. Its concentration was estimated from OD280 as well as
whole IgGZa: at a concentration of 1.4 mg/ml, the OD280

tions was: 0.228; 0.302; 0.222 representing a F(ab'), fragments con-

of the frac

centration of 0.163; 0.215 and 0.159 mg/ml respactively.Fraction si~
ze was 3,0 ml,
The 0D280 profile of this elution ic depicted in Figure2.
The final yield from purified IgG2a to purified F(ab'),

fragments (fraction 5) was approximately 10% of the starting material,
3. SODIUM DODECYL SULPHATE-POLYACRYLAMIDE GEL ELECTROPHORESIS (SDB-PAGE)

The purity of Inga and their F(ab'), fragments we:. mo-
nitored by polyacrylumide gel electrophoresis in the presence ouf so-
dium dodecyl sulphate (SDS-PAGE). The SDS-PAGE was carried out in
10% gels.
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The purified IgG28 end F(ab'), fragments were shown to

be homogeneous with SDS-PAGE.
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