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ADVANCES 1IN Tc LABELLING OF ANT1BODIES

Helena DKADA, Emiko MURAMOID, Iracelra Torres de Toledo e SOUZA

COMISSAD NACIONAL OE ENERGIA NUCLEAR - §P
INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES
Caixa Postal 11049 - Pinheiras
05422-970 - Sao Paulo - Brasil

ABSTRACT

Th1s paper describes a method for laballing immuncglobulin
with gngc that reauces a spall number of protein dissulfide bonds and
faci1litates labelling with high y1elds i(Mather and Elli1son,1930) Sim-
ple fast and relrable anmalytical techniques were develpoped to  assess
radiolabelling eff1crency and gngc—hIgG stabk111ty Fhe chovce of buffer
pH was essential for obtaiming a radrolabelling y1eld 2 39% Very good
ggmlc -high stability was obtayned with hIgG/MOP mixture (locally pre-
oared) n the form of a Tyophilized k1t, which makes 1t possiple can-

didate for scintigraphy use



AVANCOS NA MARCACAD DE ANTICORPOS COM SMM1c
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COMISSAQ NACIONAL DE ENERGIA NUCLEAR -SP
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RESUMO

Descrevemos um metodo para marcagao de imunoglobulina com
gngc que reduz as pontes dissulfidicas da proteina permtinde alta e-
ficiencia de marcacao (Mather e ET111son, 1990 Desanvolvemos metodo
simples, rapido e seguro para a avaliagao da eficiencia de marcacao e
estabil1dade da preparacao [gquEthgg] Para o alcance de uma Ef151éﬂ
c1a de marcacac alta e importante a escolha do tampao e pH  Obtivemos
excetente estabr)rdade com a mistura hlgG (reduzida)/MDP preparada em
nosso laboratorio em forma de k1t 11ofil1zado apropriado a um possivel

usc cintilografico



INTRODUCTION

The use of radiclabelled moncclonal antibodies {(MAbs) for
cetection of cancer has been the focus of a considerable research ef-
fort Colorectal cancer has been the tumor type most frequently studied
with radiolabelled antibodies The ut1ltty of radiolabelled antibodies
in the radioymmunodetection of cancer has veen established with 1311,
1 123] (Goldenberg et al, 1978 and Colcher et al, 19873

Studies on MARS labelling were started n our laboratory,
IH} monoclonal

antibody 4C1) bpelonging to lgG2a subclass from mouse ascitis  donated

In and
some years ago, with the preparation of radiglodinated H

by Ludwilg Institute/Brazil Iodination was performed by lodogen Method
(Fraker and Speck,1978) Although rodine-131 1s probably an  adegquate
label for some radigimmuncdetection, 1t also has several characteris-
tics such as dehalogenation . vewve, emission of medium-energy gamma
rays, relative Tong half-11fe, maximum beta ramnge of about 200 cell dr
ameters, which 1imit 3¢s util1iy for labelling MAbs This has come a-
bout with the apalication stravghtforward, in vive Stable,methods mono

cignal antibodies with 99m

Tc  This radionuclide has 1deal nuclear prop
erties for gamma cameras and 15 readily avairlable from generator  at
mimmal cost Indeed, successful climical application of comercial mong
clonal antibody 1maging products will be dependent on tge development
g Mg

Sigmficant research over past decade has focused onEE Ic

of simpie, 1nexpensive metrods to label antibody with

labelling of proteins by bonding the radionuclide to reactive suifides
Two mechanisms have been employed to provide reactive sulfides wn pro
teins that are to be labelled with technetium directly or through the
use of a bifunctional chelating agent Direct labelling metheds  are
generally prefesrmed at present The direct labelling of sulphydryl res
1dues on antibody by Technetium has been extensively explored (Fatk et
al 1588} Several variations of the direct labelling method have been
reported These vartations primarily inyolve alternate methods of an-
tipody reduction Pioneering work towards a simple and efficient in-
corporation rate labelling technmique was done by Schwarz and
Steinstraesser, 1987 The method of Schwarz using 2-dimercaptoehanol as



a reductng agent te expose the -5H groups for binding reduced gngc,

lead the way to introduction of a range of agents with s1mlar actions
Mather and Ellison, 1990 have studied the reductron of dissulfide bridges
using Z-mercaptoethanol and fourd that increased reduction was paral-
led by increased Tabelling efficrency The reduction dissulfides is a
nacessary wnrtial step n gngc Tabelling of antibodies A major advan
tage of the drrect labelling method 15 that 1t can readily be reduced
to a one step labelling process which 15 bereficial for making a mar-
ketahle radiopharmacevtical preparation kit

The purpose of this study 15 to examne a convenlent Sys-
tem that can be used to radiolabelled antibodies which 15 rap1d, sim-
ple, efficient and reproducibie, and which can be accomplished in radig
pharmaceutical laboratories Human ammunoglobulin (RIgGY Sandoz Inc is

used as model to evaluate the radiolabelling with 39m

Te and quality con
trol procedures as a preliminary essessment for their specific applica
t1on in scintaigraphy of focal rnftamatory Tesions (Thakur et al,1990)
Modifted Schwarz s direct labelling technique by Mather and  Ellison,
1990 15 adopted for labelling studies The technique employs 2-mercapto
ethanal (2-ME) for reducing 1nterheavy chain dissulfide bridges at
hinge region, the presumed high affinity site for technetium binding
Reduced gngC probably at oxidation state 5 generated by suofficiently
small amocunt bone -scanning k1t, methylene diphosphonate MOP-5nll,
chelated by Z2-ME-reduced sulphydry) groups 1o form complex It is 1ikely
that the specified amount MDP_Snll would allow technetium reduction to
the oxrdatron state 5 The application of small amount of MDE-Snil for
successful antibody labelling has clearly indicated the need of  high
quatity MOP-5nll %3t for reproducible labelling out comes For this pur
pose an MDP bone scanning (Amersham) have been used It 15 lhkely that
alternative sources of MOP can be used successfully (Mather and Elhson,
1990

Th1s paper describes, based om Mather s method, our exper-
IIMre The
reduced hlgGc preparations were labelling ustng two radigpharmaceutical
kits (Amerscan MDP Amersham) containing 5 mg medromate (MDPY, 0 34 mg
stannous fluoride (5nF: 3, and 2 mg p-amino benzoic acid, MDRIPER/ Brazil
containing 5 mg medronmic aci1d (MDP), O 75 mg stannous chlaride

menrtal conditions for labelling immunoglobuTin thlgh) with



(5nCl, 2H.07, and alse the same Amersham kit formulatron lomtly  pre-
pared Since the first experiments demonstrated symilar results the
MDP T1ke Amersham %1t formulatiyon prapared in our research laboratory
was selected for hlgh labelling

MATER!AL AND METHOD:

Protocol for labelling antibody with Technettum-99a

Lyaphilized 1mmunoglobulin hlgG (Sandoz Ing¢ ) was di1ssolved
in sterile saline Al1quots cantaining 10 mg were prepared and stored
at 20 L unt1l to beg uses

Th1s study does rot 1nvolve human administration ufggmn}hkﬁ

Nevertheless some effort was devoted to preparing the 49m

Tec-hIgh under
ster1le and apyrogen ¢ conditions to move one step closer to  eventual

human administratior

Antibody reduction

Ssufficient 2-mercaptoetnano] was added to a stirred solu
tion of antibody provide a molar ratio of 1000 1

The mixture was ncubated at room temperature for 30 minu-
Les

The reduced antibody was purified by gel filtration on &
20 m) Sephadex G-50 fine calumn and eluted using cold N;—purged neutral
phasphate buffered saltine as the mobile phase

Fractions of approximately 3 O ml were collected

The concentration of protein was determined by optical den
stty at 280 nm on a UV spectrophotometer (absorbance of 1 mg/ml  solu-
tion of Igh = 1 4 c¢m T1ght path)

The tubes cortaiming protein with concentrations greater dhan
1 mgiml were pooled

Alvquots (¢ 5 mg) were dispensed into sterile vials frozen
mmediately at -20°0 and stored ready for use



Radtalabelling

Ten vials contarmng 05 mg of reduced antibody and 40 pl of
MDP solutions, Tocally prepared, contaiming 40 ug of MDP and 2 72ug of
SnF, were prepared 1n the form of @& Tyophilized kit It is useful to
stab1T1ty studies to 1dentify potentral improvements that could be in-
vestigated For example what would be the effect of adding the MDP
solution 1mmediately antibody reduction and prior or during the stor-
age

Radvolabefling of the tyophilized kit

Appraximately 1 m{1 aof gngc eluted Trom a ggHufgngc geng
rator (Medgemix,Belgicy in the form of pertechnetate EgngcﬂE] (IPEN-
TECY in 1 mi normal saltne was added to each kit {reduced hlgG/MDP

mixture} to be radiolabelled The radiolabelling reaction was allowed
10 minutes tLabelling efficiency was measured by mimyature  chromato-
graphic system (Kazikiewcz et al, 1987

QJuality assurance

Radiocchemical purity and label stability of the preparation
were measured by mintaturized chromatographc procedures at the  time
intervats of the first and 20th days post kit preparation The stabiiy
ty of the labelling was tested . wvifao by determinming the % activity
assoctated with the protein as a furction of time

The miniature chromatographic system

This system was elaborated to determine the labelling effi-
crency the radrochemical puriiy and .~ viizo stability of the prepara-
tion

The mnmiaturi1zed chromatographic procedures was  performed
using Whatmann 3MM paper (1 cmxb & cm} as solid phase and Q 9% saline
as mobtvie-phase  The paper was spotted at 1 em from the bottom The
strips were placed 3n a vial contaiming approximately 1 ml of 0 9% 53



11ne The chromatograma was developed for a distance of & cm The
clapsed developing time was approximately 10 minutes The advantage of
th1s method is that the radiochromatographic sSystems are chosen SUCH
that 1n one the wmpurities move with the solvent fronmt (R = 0O 8-1 0}
while the radiopharmaceuticals remain near the origin (Rf = 0 0-0 3 or
vice-versa This permits one to cut the strips at Rf = 0 5 fmdway) and
to assay the two segmenis [»ection 1 and section 23 The activity  of
gaCh portion was compared with the total radicactivity of the strip

Labelled higG has an Rf = O

Ammal bodystribotion studies

Animal brodistribution was performed 1n normal mce Useful
studres can be perfarmed 1 normal animals since these will 1dentfy
the effect of a normal L7 wveve environment on the labelled  antibody
Sufficient amimals qroups at sufficient tiwe points are necessary in
order to overcome 1ntrinsic biologtecal variations Thus 100 ul of the

solution containing the 99m

Tc hilgh ¢10 30 yg approximately 506 ph) were
irnjected IP 1nto norma’ female mice At twme intervals of 30 minutes,
1-2-3-4 and 24 hrs postinJection, groups of five mice were k1lled  and
samples of blopd (100 gli, the entire Tiver, spleen, heart,stomach with
contents, Temur, both kidneys and a sample of thigh musclie free of fat
were d1ssected and counted 1n 8 well counter against a standard of the
in)ectate The resultis were pxpressed as mean parcentage of 1njected
dose per grgan

Whereas, gquality assurance by animal biodistribution is
valuable for conventional radicpharmaceuticals, it 1s not clear yet
that animal brodistribution does mot play & role 1n the quality assur-
ance of radiolabelled antibody preparations Accumulation of the label
tn certain normal organ may provide information on the  radiochemical
purity of the 1njectate or the stab111ty w7 vive of the label while
accumulation of the label in tumor will indicate 1mmunoreactivity Big
dtstribution studies are most valuable when a comparison 15 being made
between one or more labelled species, for example between an  antibody
labelled with different methods or between two antibody species la-
belled 1dentically
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S5teri1lity and apyrogenicity

It 1s self ayident that any preparation of a2 radiopharma—
ceutical i1ntended for human use should be both sterile and free of ny-
rogens We use the US Pharmacaopoetra directions for the determination of
ster111ty which 1nvolves both thipglycolate and soybeam digest

We perform pyrogep assays using the Limulus lysate test

medi a

RESULTS
Radyolabel)ing

The labelling efficiency and stab1lity of the labelled re-
duced high as determined by 1nstant paper chromatography up te 10 min-
utes and at 24hrs after labelling were greater than 99% Radiochemical

purity remained essentialy unchanged for the 24 hrs after

in 10 radiclabelling

Dyssectron studies In normal mice 1njected with

Animal biodistribyution studies

preparation

My _high

show that prodrsiribution data did not reveal a specific high accumula

tion Yn any organ {Tahle 1)

Bripdistribution of

%m

TABLE

1

Tc-hlge at 30 min , 1-2-3-4 and 24 hr
IP post injectron in female normal mice

(Five animals per experimental group, all values reported x sdd

GRGAN a0

Heart BlLaRF 0761
Lung L 070240 537
Liver 4 01 2040 0465
Spleen 1 60%72Q 6016

Krdneys 0 365820 1034
Stonach {1 918120 BEO6

Femur 0 2147F0 1335
Muschie 011640 0452
Bloud 0417640 2318

1 hr

3157840 0894
O BYRZHD 8265
L ghhhi+s B34
2 IR 312
I 602520 43404
1 &2316%) 7139
N LIS R T
0136420 1160
0 J6EL0 J049

? hr

[+ *76820 § 7hb
1 3kzg+0 RG22
L A%4A+z 09720
L ARA0EY (837
0 2BG6F0 | 468
0 HI1EE] Lpuf
0 722atd QfGT
0 144820 g5eg
0,.533440 38213

3 by

0 332780 1725
1 564900 5443
€ 0522 3827
¢ 2533 1887
0 35070 1122
1 052720 360)
O L7150 1081
01z07+0 0714
1 321320 6gA]

&4 hr

0 S40320 Q426
1318700 BTLG

674280 3327
FO2E5E0 4BLT
0 3370%0 1844
L 2EME0 3590
G 192020 0558
0 1988+0 OTe0
1 5A5010 2626

i hr

0 2360+0 0466
1 316640 4769

1.1 FRXO. 466
1569020 3784
B4510X0 GOLA
0456010 0788
00792 40 0082
DOBIEEDOL12Y
OEA1O0 1351
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DISCUSSION

These studies were performed ysing phosphate buffered sa-
jine at oH 7 4, 7 0 and & & The highest labelling efficiency was ob-
tained when PBS buffer was used at pH 7 4 and 7 Q0 Our experiment was
done with PBS buffer pH 7 O

The conpclusions from these studies are the following
1 This method affords & possible route to simple technetium labelTing

of antibodies and other proteins
2 bhlgG can be reacted with stanngus 1ons to produce a chemical speges
of the protein capable of forming a very strong bond with technetium
3 The reduced hlgh/MDP mixture can be stored frozen or lypphilized and

gngc, T € an "ainstant  la-

used for subsequent radiglabelling with
belling kit”

4 The glngc—hIgE can be used as a radiopharmaceutical scintigraphy
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