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MONOCLONAL ANTIBODY

MOHAMMAD HOSSEIN BABAE!I , REZA FARSHIDFAR and REZA NAJAFI
The Atomic Energy Orpanisation of Iran, Muclear Research Center, Radioisotope Department, Tehran, Iran.

e - ABSTR&CT S - .

Humanized monoclonal antibody U36 and its F(ab'); fragment, radiolabeled with 3 ywere tested
for tumor localization in nude mice bearing a squamous cell carcinoma xenograft line derived from
a head and neck carcinoma. Monoclonal antibody [gG or F(ab'), fragment were injected in parallel
and at davs 1, 2 and 3, mice were dissected for determination of isotope biodistribution. IgG as well
as F(ab'): showed highly specific localization in tumor tissue The mean tumor uptake (n=3) is
expressed as the percentage of the injected dose per gram of tumor tissue (% ID/g). % ID/g of IgG
was 11.7% at day 1 and decreased to 10.9% at day 3 whereas % ID/G of F(ab"); was 2.9% at day 1
and decreased on following days. Tumor to blood ratios (T/B) at day 1 were 0.86 for [gG and 1.32
for F(ab"}); and reached a maximum at day 3 with values of 4.41 and 1.84 respectively.

These findings suggest that the superior tumor lo non-tumor ratios in the day of 1 render the F(ab');
fragment more qualified for specific targeting radioisotopes to tumor xenografts in this exprimental

selling.
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INTRODUCTION

The intrinsic properties of immunoglobulin (IgG)
molecules and their frapments regulate the in vivo
biodistnbution properties of these molecules in
tumor bearing  hosts (1) Monoclonal antibodies
(MAbs) and frapments have been wsed in the
diagmosis  and  therapy  of hematopoietic and
nonhematopoietic  tumors  in the humans  and
rodents {2}, Intact Igls molecules are large (M=
150000y glycoproteins that exhibit a slow systemic
clearance, low tumor blood flow, poor vascular
permeability and high marrow toxicity, leading to
poor tumor targeting specificity (3,4). In arder to
overcome these disadvantages, the use of antibody
fragments including enzymatically produced M=
100000 Fab"): and M,= 30000 Fab fragments and
enginecred M= 25000 single chain Fv have been
studied intensively (5), Compared to IgG, Flab"):,
Fab and single chain Fv exhibit significantly
improved tumor  specificity and  intratumor
penetration in animal models (1) Generally, lower-
molecular-weight agents provide belter target to
nontarget ratios due to their rapid background
clearance {(6,7),

Murine monoclonal antibodies can induce a
human-gntimouse  antibody (HAMA)  response

which may lead to anaphylactic shock and rapid
clearance of injected monoclenal antibody (2).
Besides the use of monoclonal antibedy frapgments,
other strategies to avold AMA response, are the
development of chimeric, humanized and human
moncclonal antibodies (9. Humanized monoclonal
antibody U36  recognises an epitope encoded by
variant exon V6 of the 200 kDa CD44 antigen
which 15 expressed in 96% of sguamous cell
carcinoma of the head and neck (110).

The purpose of this investigation was to compare
biodistribution  characterstics of 'I-labeled
humanized moncclonal antibody U36  and s
F(ab", fragment in order to identify potentially
uscful  radioconjugates  for  the diagnosis  of
squamous cell carcinoma,

MATERIALS AND METHODS
Cell line and Monoclanal Antibody(M4b)
UM-SCC-11B cell line was cultured under 3%
CO; at 37 °C in DMEM supplemented with 2 mM
L-glutamine, 16 mM NaHCO: 5% fetal calf
serwm. 1% penicillin, % streptomycin and 15 mM
HEPES, pH 7.4. Humanized monoclonal antibody
U36 was obtained from Dr. Dongen GAMS
(Amsterdam, The Netherlands),
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Purified humanized moneclenal antibody U236 was
digested with 4% (w/w) pepsin (Sigma) for 16
hours at 37 °C in 25 mM sodium acetate buffer pH
4.0.

The reaction was termunated by addition of 2 M
Tris to bring the pH at 8.0, The F(ab"): fragments
were purified by Suvperose 12 column chromato-
graphy (Pharmacia, Uppsala, Sweden) followed by
glution with PBS pH 7.4 The purity of MAb and
Fab"y; preparation was evaluated by SDS-PAGE
under nonreducing conditions and poved o be
more than 95%.

Radiorodination

lodination of MAb and F{ab', fragments was
performed essentially as described by Haisma et al
(11). Sclutions of 500 pg of MAb or Flab
fragment  dissolved in 500 pl phosphate buffer
saline, were mixed with 300 pCi 1 (Amersham,
Avlesbury, England) in a vial coated with 75 pg
lodogen  (Pierce, Oud  Beijerland.  The
Netherlands). After 3 min incubation at room
temperature, free 1odine was  removed by gel
filtration on a PD-10 column (Pharmacia, Upsala,
Sweden). For determination of the radiochemical
purity by two methods, HPLC analysis of ],
labeled MADL or Flab"), fragment was performed by
a 10 x 200 mm Pharmacia Biotech Superdex 200
HE 10730 column. The eluent consisted of 0.05 M
sodium phosphate, .13 M sodium chloride plus
(.05% azide (pH 6.8) and flow rate was set at rate
of 0.5 mlmin. TLC analysis of "*I-labeled MAb
or Flab'), fragment was camed out on ITLC-5G
{Gelman Sciences Inc) with 0.1 M sodium citrate
PH 5.0 as eluent. By values were 0.0 for the labeled
M AL and its fragment and 1.0 for unbound label,
The binding characteristics of radiciodinated MAD
and Trab'), were analyzed by immunoreactivity.
The immunorsactivity assay was performed
essentially as described by Lindmo et al. (12). Data
were  graphically  amalyzed  in a  medified
Lingweaver Buwk Plot and the immunoreactive
fraction was determined by linear exirapolation Lo
conditions representing infinite antigen excess.

The imeunoreaciivity assay was performed i
triplicate.

Biodistribution siudies in nude mice

Female mude mice (Hsd, athymic node-nu, 25-32
g: Harlan/CPB Zeist, The Netherlands) of 8-10
wecks old at the time of the expriments, were
injected  subcutancously in the lateral thoracic
region on both sides with 4x10° UM-SCC-11B

cells, After two weeks, mice were injected, through
eye cavity of 10 pCi of '"“I-MAb or '"“I-F(ab"):
fragment. Mice were anaesthetized, bled, killed
and dissected 1, 2 and 3 days after imjection,

For each day, 3 mice were used. Organs were
immediately removed, placed in 5 ml plastic tubes
and weighed. Samples were taken from blood,
urine, tumor, liver, spleen, kidney, heart, stomach,
ileum, colon, bladder, sternum, muscle, lung, skin
and tongue.

Adter weighing, all organs and  tumors  were
counted in a dual isotope gamma counter (Wallac
LKB-CompuGamma). The antibody uptake in the
tumor and other tissues was caleulated as the
percentage of the injected dose per gram of tissue
(%%ID/g).

RESULTS
Radiolabeling of MAb and Fiab'): fragments
Labeling of 500 pg MAb and Flab'): fragment with
500 uCi "1 resulted in a specific activity of 0.882
and 0.848 pCi/ng respectively.
More than 97 % of the "I was bound to MAb and
F(abh2, as revealed by TLC and HPLC As
determined by modified Lineweaver Burk Plot, the
immunoreactive fractions of MAb and F{ab":
fragments at infinite antigen excess were 91.1%
and 76.5% respectively.

Biodistribution

The amout of '*I-MAb and '“'I-F(ab"); fragment in
the xenoprafts and various organs, expressed  as
the average percentape of radipactivity of the
mjected dosc per gram of tissue (% of 1D/g). arc
shown in Fig, 1 and Fig. 2.

Table 1 and Table 2 show the tumar to tissue ralios
of MAb and F{ab"): fragment that were calculated
by dividing the percentage [IXp of tumor tissue by
the percentage [D/g of various non-twmor tissues.

DISCUSSION

The radicimmunoscintigraphy (RIS} has  found
widespread clinical application in tumoer diagnosis.
Tumors of diameter 0.7 em” to 2.0 em’ can be
etecied by this techmique. A wvery important
feature of RIS 15 that it can be of assistance m the
diagnosis of metastases and therefore 11 can
contribute 1o patienl  managemenl  concorning
clmical decizions,

Furthermore, RIS can be explored as a scouting
procedure to rdioimmunctherapy (RIT). since the
behavior of a novel product can be  well
characterized before its application in RIT {13),



51

Twmor targeing with humanized monoclonal antibody

Flab'), fragments, potentially  have  several
advantages over intact [g(. F(ab'), fragments have
better accessibility to the tumor due to their smaller
size, are cleared from the blood more rapidly,
However, these advantages may all be controlled
by a possibly decreased absolute uptake in the
tumor and a reduced residence time of the Flab):
fragment compared to the intact Ie(G (14).

In this study, we compared the charactenstics of
humanized monoclonal antibody U36 [gli and
F{ab'}; with regard to biodistribution parameters in
nude mice bearing SCC xenogrits, The digestion of
human Ig(G for generation of F{ab'); significantly
alter the immunorcactivily of the radiolabeled
conjugate and Flab'), showed a decrease in the
percentage [DV/g of tumor tissue as compared to
mtact  Igl, Tt 15 possible  that  humanized

monoclonsl antibody U366 IglG s sensitive to
pepsin digestion. Humanized monoclenal antibody
U36 Flab?, fragment however showed specific
localization in tumor tissue which the percentage
g was almost one third of the percentage ID/g
of humanized monoclonal antibody U336 1g(i. The
overall tumor 1o non-tumor ratios of Flab", were
several times higher than tumor to non-tumor
ratios of 1gG.

In normal tissues, neither humanized monoclonal
antibody U366 1gG nor humanized monoclonal
antibody U36 F(ab", showed any non specific
accumulation in vital organs.

In conclusion, our comparative study shows that
humanized Flab"); fragments are more suitable
than whole human lg(G molecules for rapid and
reliable detection of tumors.
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Fig. 1. Biodistribution data of "®l-Humanized U26F(ab"); in nude mice bearing squamous cell carcinoma xenografts,
The data are reported as mean % [D/g (Bl blood, Us: urine, Tu: tumor right and lefi, Li: liver, Sp: spleen, He: heart, Ki:
kidney, St; stomach, 1l: ileum, Co: colon, Bla: bladder, Ste: sternum, Lu Tung, Mu: muoscle, Sk skin, To: tongue).

Table 1, Tumor to tissue ratio of "1 Humanized U36F(ak"); in xenograll bearing nude mice

| Organs Day 1{X £ 5IN , Day 2 (X & 5D} Day 3 (X + SD)
 Blood 132£0.25 ' 152£0.79 184041
Sternum CB.40+2.19 10.66 +£ 2,80 18.69 = 6,87
 Liver | 6761 134 B 952 £ 1.39 1102 £ 2.77
| Spleen 740043 1131+ 1.16 T8 £3.17
Kidney 2.69 + 0,68 5.02 = 0.63 477+ 043
| Colon 10.19 + 3.56 1200+ 093 16.35 = 4.65
| Bkm T 3g2&Us] 6.48 £ 0.23 4,93 + 1.50
| Tongue 3.04 £ 0.46 525103 488 £ (.52
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Fig. 2. Biodistribution data of '**I- Humanized Li36lgls in nude mice bearing squamous cell carcimoms xenografts. The
it are reported as mean % 1IDVg (Bl blood, Ur: urine, Tu: tumor right and left, 1o hver. Spe spleen, He: heart, Ki:
Eidney, stostomach, 1 ileum, Co: colon, Bla: bladder, Ste: sternum, Lu: lang, Mu: muoscle, Sk sk, To: tongue).

| Oreans

Table 2. Tumor to tissue ratio of "I Humanized U36lgG in x enograft bearimg nude mice
Day 1 (X<50)) Day 2 (X£5D) Day 3 (X5

Blood 086010 0.86 4 0.16 1,23 + 0.2 |

| Sternum 9.30 =291 10.86 = 2.00 ] 14.80 = 1.69

| Liver 4314093 535 +0.71 TO6 182

| Spleen 502027 5.57 + 0.44 .03+ |80 l

[ Kidney 3.55 .32 421 +0.84 4.53 4+ | 98 |
Colon 748 +0.55 8.48 + 1.98 16,04 + 5 9% '
Sk 364055 3.56 + 0.63 371059

| Tongue 2.72 + (.37 310 +0.78 378 0 nal _
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