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Abstract 
Nude rats heterotransplanted with human melanoma metastasis 

were injected subcutaneously on the hind paw with '251-labelled 
monoclonal antibody 96.5 and with control antibody L311-OKT3. 
The elimination from the injection site followed a biexponential 
function. The uptake in the inguinal lymph nodes on the side of 
the injection was initially high, but after 90 h it equalled the 
control side. The uptake in the tumour was slower than after i.v. 
injection but higher than in other tissues except blood. More than 
80% of the activity in the dissected liver represented circulating 
blood. The uptake ratio of 96.5/OKT3 was c.3 in the tumours but 
c. 1 in all other tissues including blood. The capillary filtration 
coefficient was proportional to the uptake in organs like liver, 
lungs and muscle. It is concluded that subcutaneously injected 
radiolabelled monoclonal antibodies are initially transported via 
the lymph but then mainly distributed via the blood reaching the 
different tissues including tumours. 
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Scintigraphic imaging of lymph node metastases after 
administration of radiolabelled monoclonal antibodies 
might be a possible method to improve the diagnostics of 
such metastases. Most in vivo studies using monoclonal 
antibodies have used the intravenous route to administer 
antibodies with the assumption that access to the target 
sites could best be reached by the systemic circulation 
( 1-3). Several authors, however, have suggested that sub- 
cutaneously injected antibodies concentrate in metastatic 
deposits in regional lymph nodes (4-6). Such an approach 
would maximize the tumour antibody uptake, and at  the 
same time minimize the non-specific backgroud activity. 

The debate on prophylactic lymph node resection in 
patients with malignant melanoma might be solved if 
antibodies can be localized specifically to metastatic de- 

posits in lymph nodes. Pilot studies in man with radiola- 
belled antibodies have yielded conflicting results (2, 7). 
Nelp et al. (7) showed that 3 out of 6 patients showed 
positive images of lymph node metastases. However, 
among 5 patients without metastases one had a false 
positive image. In tissues from the metastatic lymph nodes, 
however, the concentration of specific and control anti- 
body was similar. Lotze et al. (2) found an uptake ratio 
higher than unity in lymph nodes with metastatic deposits, 
but frequently also in lymph nodes without tumour. The 
explanation was cross reactivity with lymph node tissue. 

A better knowledge of the pharmacokinetics of the 
monoclonal antibody (MAb) distribution after subcuta- 
neous injection is needed to  assess if this mode of adminis- 
tration might be advantageous for imaging of human 
tumours. 

The nude rat model (8) offers favourable possibilities for 
in vivo studies of uptake parameters, including the cor- 
rected specific tissue uptake (STU,,,,). We here report a 
study of the biokinetics of the subcutaneously injected 
radiolabelled monoclonal antibody 96.5 in nude rats het- 
erotransplanted with human melanoma. 

Material and Methods 

The previously described model using nude rats (Rowett 
RNu/RNu strain) was used (8). The rats were bred and 
kept in cages with filter tops and provided with autoclaved 
food pellets, sterilized drinking water ad libitum, and 
sterile wood granulate bedding in a temperature-controlled 
unit, receiving particle filtered air. Four to five times 
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during the experiment the animals were anesthetized with 
ether and 0.5-1 ml of blood was withdrawn. A human mela- 
noma tumour was established by serial passages in the rats. 
The tumour transplants used were all from the same pass- 
age and all animals were inoculated with one tumour on 
each thigh, intramuscularly (right) and subcutaneosly (left). 

The monoclonal antibody used in the present series was 
the 96.5 (IgG2a) specific for p97, a cell surface glyco- 
protein with a molecular weight of 97 000. It is present in 
60-80% of human melanomas but only in trace amounts 
in normal tissues (9). Antibodies were purified from ascites 
fluid of mice, bearing hybridoma ascites tumours, by 
affinity chromatography on a Protein A Sepharose CL4B 
column (Pharmacia, Uppsala, Sweden) with a stepwise pH 
gradient elution (9, 10). The purity of the monoclonal 
antibodies was estimated by agarose electrophoresis. The 
antibodies were stored at - 70°C. 

Monoclonal antibody OKT3 (IgGl, specific for T-cell 
antigen, not present in these nude rats lacking thymus) was 
used as a non-specific control (1 1). 

The monoclonal antibody 96.5 (350 pg) was labelled 
with 37 MBq 1251 according to the Chloramine-T method 
(12) (the iodine solution contained 3 x 10l6 iodine ions per 
ml). Labelling efficiency was 65% with less than one iodine 
atom per molecule, which precluded interference with the 
immunoreactivity (13). Antibody OKT3 (300 pg) was la- 
belled with I3'I (25 MBq) in the same way (labelling 
efficiency 62%). 

The labelled antibodies were tested for binding to a 
suspension of cultured melanoma cells H-1477 (Mel-28) in 
the direct binding assay described by Brown et al. (9). The 
antibody activity of the labelled protein was expressed as 
the ratio of bound and total added activity (here 65% 
indicating retained binding capacity to melanoma antigen 
p97). In preceding titrations it was shown that the number 
of cells used represented a large antigen excess. The blood 
pool was estimated by labelling red blood cells (RBC) with 
9 9 T ~ m  in vivo 4 h before the rat was sacrificed (8). This 
procedure enables imaging of the blood pool and calcula- 
tion of the corrected specific tissue uptake (STU,,,,) in 
different tissues post mortem (for details, see ref. 8). La- 
belling efficiency was determined by measuring the 99TP- 
activity in the red blood cells and in the plasma, 
15-30 min after injection. 

Ezcperimental design. A total number of 12 nude rats 
were used. With the rat under ether anesthesia on the 
scintillation camera a subcutaneous injection of labelled 
specific antibody was made on the dorsal side of one hind 
paw and the labelled control antibody on the other paw. 
The mean amount of antibody injected was 34.9 f 3.8 pg 
(MAb 96.5) and 16.5 & 2.1 pg (MAb OKT3). This corre- 
sponded to 7.8 f 0.7 MBq and 0.8 It 0.1 MBq respectively. 
Blood samples were taken from the periorbital venous 
plexa at regular intervals. Plasma and blood cells were 
separated by centrifugation. 

The rats were sacrificed with an overdose of ether at 
different times (6, 24, 48, 72, 150 and 175 h) following the 
injections of antibodies. Tumours, liver, spleen, lungs, 
kidney, muscles and bone marrow were then removed. In 
each rat ten different lymph nodes were dissected: bilater- 
ally one popliteal, one inguinal and two axillary nodes; one 
lymph node from the true pelvis and one node from the 
hilus of the liver. The rats were not bled and the different 
organs and tissues were not washed. Each tissue sample 
was weighed, mj (g) and measured in an automatic 
NaI(T1) well counter for radioactivity content, Aj( MBq). 

The corrected specific tissue uptake (STU,,,,) was calcu- 
lated by the formula (8). 

This calculation takes two important factors into ac- 
count: 1) the activity in the blood due to labelled antibod- 
ies, and 2) the mass of blood in every sample measured. 

A standard scintillation camera (General Electric Maxi 
Camera I) was used, connected to a computer for storage 
of images (Gamma 11, Digital Equipment Corp., USA). 
For the 1251-96.5 MAb biokinetics, static images were reg- 
istered during 15 min at regular intervals with the rat 
under ether anesthesia in supine position on the collimator 
face. A 25% energy window was centered over the 28 keV 
photo peak for L251. The count rate in the 28 keV (1251) 
window from I3'I was 6% of the count rate in the 365 keV 
( 13'1) window for the parallel hole collimator. In the digital 
image, regions of interest (ROI) could be selected in which 
the count rate was estimated separately. 

Results 

All tumours used in the present experiments derived 
from the same passage. The intramuscularly implanted 
tumours gained a median weight of 0.79 0.60 g (n = 17) 
and for those applied subcutaneously 0.49 & 0.30 g (n = 7). 
Fast growing tumours showed a tendency for necrosis in 
central parts. Some subcutaneously inoculated tumours 
grew invasively into the muscles. This explains the uneven 
numbers of subcutaneous and intramuscular tumours. 

In vivo biokinetics. The outflow of the I2'I-96.5 from the 
injection site (Fig. 1) can be described by a biexponential 
function: 

Ainj(t) = 27.15 e-0.69' + 71.1 e-o.06t + 1.75 

t is expressed in hours. 

(2) 

After 50 h there was only 5% of the labelled antibody 
left at the injection site. At 150 h about 50% of the 
L251-activity still remained in the whole body. 

The uptake (in percentages of injected activity) in subcu- 
taneous and intramuscular tumours measured in vivo by 
scintillation camera as a function of time showed a high 
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Fig. 1. The elimination of Iz5I-96.5 (% of injected activity) from 
the injection site on the dorsal side of the hind paw in the nude 
rat, measured by the scintillation camera. 
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variability (data not shown) which was of the same magni- 
tude as following intravenous injection of the same anti- 
body (8). The blood plasma concentrations of the '*'1-96.5 
and the I3lI-OKT3 were very similar during the whole 
study. The peak concentration in the plasma was 3%/g 
after 20 h (Fig. 2). 

Specific tissue uptake (STU) in vitro. The specific tissue 
uptake of antibody 96.5 in the different dissected tissues 
and the tumours is shown in Fig. 3a and b. In the tumours, 
the uptake of antibody 96.5 reached a maximum after 
approximately 40 h, with peak values of 1.2%/g (i.m. 
tumours) and 0.9%/g ( S.C. tumours) of injected activity. In 
the lungs high values (0.9%/g) were recorded about 20 h 
earlier than in the tumours. Muscle tissue showed a low 
and constant activity (0.1 %/g). Other tissues (liver, kid- 
ney, bone marrow, spleen) showed an intermediate accu- 
mulation. The uptake in the lymph nodes (those from the 
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Fig. 2. Specific tissue uptake (% of injected dose per g tissue) of 
Iz5I-96.5 (filled symbols) and control antibody I3lI-OKT3 
(unfilled symbols) in plasma, whole blood and blood cells during 
200 h following subcutaneous injection. 

1049 

Specific tissue uplake 

9Jg 

l 5  I 
1.0 

+ - Kidney 

n - - Liver 
x - - Lung 

Bone marrow . - _ _ _  

Specific tissue uptake 

;$I9 
1.5 4 

?,O i 
. - im tumor 
D - - sc tumor 

+ - - - Muscle 
I Lymph nodes 

Specific tissue uptake 
%/g 

1 0  

+ -  Kidney 

A - - Liver 
I I  - .  - . Lung . . . . . . - . Bone marrow 

o i . ' . , , . , , , I . . , , , .  o , . , , -  
0 

Time 
50 t o o  150 200 h 

( d) 
Fig. 3. Specific tissue uptake (STU) of lZ5I-96.5 ( a  and b) and 
I3'I-OKT3 (c and d) in the different dissected organs and tu- 
mours. 
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injected extremity excluded) was much slower than in 
other tissues with the highest uptake at the end of the 
study. 

Corresponding measurements of the control monoclonal 
antibody OKT3 did not show any tumour selectivity. The 
uptake curves were almost parallel for all organs including 
the tumours (Fig. 3c and d). The ratio between uptake 
values of MAb 96.5 and OKT3 clearly illustrated the tu- 
mour specificity of antibody 96.5 and, for all tissues except 
the tumour, the ratio equalled unity. The ratio for the 
tumours was, however, approximately three. 

Lymph node biokinetics. A high uptake was initially 
registered in the poplietal lymph node on the injection side, 
but it later levelled out. After about 80 h the concentration 
was the same as on the contralateral side (Fig. 4). Other 
lymph nodes not draining the injection site had a peak 
activity after about 90 h. This uptake reached a peak later 
than the uptake in other organs. The control antibody 
OKT3 showed a similar uptake as the specific 96.5 anti- 
body. 

Corrected specijc tissue uptake (STU,,,). In Fig. 5 the 
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Fig. 5. Corrected specific tissue uptake (STU,,,,) of '*'I-96.5 in 
the different dissected organs and tumours in the nude rat, calcu- 
lated from data in Fig. 5a and b and corrected for blood content 
of labelled antibody 96.5. Still there is a high uptake in the 
tumours compared to Fig. 5a and b but the STU,,, in other 
organs are lower except for the lymph nodes where the uptake 
remains high. 
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Fig. 4. Time-activity curves for lymph nodes on the injection 
side and at other locations (means of eight nodes). There was no 
sign of any higher accumulation in the lymph nodes of either 
96.5 or OKT3 on the injection side as compared to the other 
lymph nodes after 80 h. Injection side:- . -0  96.5; -11-0 
OKT3. Control side: --. 96.5; - - -0 OKT3 - - - - A  
96.5 corrected. 

corrected values giving the STU,,,, for the different tissues 
are shown. The tumour specific tissue uptake (STU) was 
only slightly reduced by this correction, i.e. the activity in 
the tumours registered in Fig. 3a is mostly due to true 
bound activity and not to blood activity. However, in the 
liver and lungs the specific tissue uptake was reduced to 
approximately 30% of the values in the initial registration 
in Fig. 3a and b. 

The corresponding specificity of the labelled antibody 
uptake was calculated by the ratio of STU,,,, values of the 
specific and control antibody 96.5/OKT3. This ratio 
equalled unity for all organs except the tumours which 
showed an even higher uptake than before the correction 
(mean 3.7). 

In the bone marrow no initial high peak uptake was 
found in contrast to our previous findings after intra- 
venous injection (8). The maximal specific tissue activity 
registered at 30 h in the marrow was 0.4% of the injected 
activity. 
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Fig. 6. Tissue to plasma activity ratios of 1251-96.5 in tumours 
+ / - SD after subcutaneous and intravenous injection during 
200 h. Data concerning intravenous injection from ref. 10. Cor- 
rected activity ratio values are not shown since they did not differ 
significantly from the uncorrected ones. 

Ratio between tissue uptake and plasma concentration. 
From our data we calculated two ratios. 

and 

(4) 

where Atissue is measured in vitro (%/g) for different tissues 
at time t, and Aplasma is the corresponding plasma activity 
at time t. Both following intravenous (data from previous 
study, ref. 8) and subcutaneous injection of the same 96.5 
labelled antibody, the tumour to plasma ratio was of the 
same order (Fig. 6). The lymph nodes and muscle tissue 
showed a slight increase over time while the lungs, liver 
and bone marrow had a constant ratio which remained so 
during 200 h (Table). 

Discussion 

When monoclonal antibodies were introduced, no defin- 
itive proof of selective uptake in metastatic deposits in 
lymph nodes was found following subcutaneous injection 
(4, 14). However, Weinstein et al. ( S ) ,  showed that im- 
munoscintigraphy could visualize small metastases (2- 
6 mg) in lymph nodes in guinea pigs. In nude rats, Strand 
et al. ( 15) showed that subcutaneous injection of mono- 
clonal antibodies could image both tumours and single 
lymph nodes. A high uptake was found in an intramuscu- 
lar tumour with a ratio to the normal muscle on the 
contralateral side of 40: 1. In dogs an activity uptake in 
draining nodes a hundred-fold greater than in distal nodes 
has been demonstrated by Mulshine et al. (16). 

In the present study the outflow of the whole antibody 
96.5-'*'1 from the injection site could be described as a 
biexponential function. After 10 h only 50% of the activity 
remained at the site. This outflow rate is in accordance 
with what we and others have previously found (6, 17). 

The total body retention of activity was the same when 
intravenous and subcutaneous injections were compared. 
This indicates that the degradation and excretion of the 
radiolabelled monoclonal antibody was similar after the 
two different modes of injection (8). 

When patients with metastases of malignant melanoma 
were imaged, only 4 out of 14 patients with axillary or 
inguinal disease showed specific uptake in involved nodes. 
Only two of the four nodes were imaged (2). This finding 
and our previous work (8) indicate that the specific tissue 
uptake varied among tumours. The blood and plasma 
activity reached a peak between 20 and 30 h after injection, 
probably corresponding to the antibody transit time to the 
blood through the thoracic duct. Naturally, this transit time 
causes a slower activity uptake in the tumours as compared 
to the tumour uptake following intravenous injection (8). 

Fig. 2 shows that the curves for the two antibodies 
in blood and plasma are completely overlapping, which 

Table 
Raiio between mean tissue uptake and mean plasma activity m the nude rat during 200 h 
after subcutaneous and intravenous injection of Iz5I-96.5. Corrected values adjusted for 

aciivity due io blood still remaining in the measured tissue 

Tissue Subcutaneous injection Intravenous injection. 

TP (t) TPCO,,(t) 

Lungs 0.30 0.20 
Bone marrow 0.14 0.05 
Liver 0.13 0.0 
Lymph nodes 0.002t+0.10 0.001t+0.11 

r = 0.78 
Muscle 0.001t + 0.01 0.001t + 0.01 

r = 0.93 

r = 0.87 

r = 0.97 

TP (t) 

0.30 
0.15 
0.20 

0.001t +0.19 
r = 0.83 

0.001t + 0.02 
r =O.W 

TP,, (t) 

0.20 
0.10 
0.0 

0.001t + 0.08 
r = 0.73 

0.001t + 0.03 
r = 0.92 

r = correlation coefficient 
*/data from Ingvar et al. (8) 
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means that concerning distribution, the OKT3 acts as a 
true control. After the peak values are reached, the slopes 
are identical to those obtained in our previous study in 
which the same antibody was injected intravenously (8). 

In Fig. 3 the specific tissue uptake shows that there is a 
real specificity for the antibody 96.5 in comparison to 
OKT3. The ratios found here in tumours of specific and 
non-specific antibody activity uptake (between three and 
four), are of the same order of magnitude as those found 
in tumour biopsies from patients, subcutaneously injected 
with the same antibody (ratio 3.7 after 48 h and 3.4 after 
72 h) (2). Compared to our intravenous studies we have in 
the present study found a tendency for the lymph nodes to 
have a different uptake kinetics of antibodies, both for 96.5 
and OKT3. The peak uptake in the nodes came much later 
than in other organs like liver, lungs and kidneys (80 
versus 30 h). A simple explanation for this delay is proba- 
bly the fact that a substantial part of the activity reaches 
the lymph nodes via extravasation through openings in the 
capillary bed. It is then transported via the lymphatic 
vessel to lymph nodes and only to a smaller extent by the 
blood. The bone marrow showed no specific tissue uptake 
and the initial distribution followed all other organs and 
there was no high initial uptake as in our previous intra- 
venous study in the nude rat (8). 

When uptake values are corrected for activity in the 
blood still remaining in the measured tissue samples 
(STU,,,,) (Fig. 5), it was found that the tumour activity 
was only slightly reduced. However, in the liver and bone 
marrow, most of the activity was due to activity in the 
blood. In lungs and lymph nodes the activity did not 
change significantly following correction. The reason for 
this is unclear, but it might be due to trapping of immune 
complexes or to unspecific binding of the Fc-part of the 
whole antibody. Such a mechanism has been demonstrated 
for another antimelanoma antibody 9.2.27 by immunohis- 
tology (2). 

In melanoma patients, Bergqvist et al. (17) showed that 
there was a thousand-fold difference in the activity uptake 
of radiolabelled colloids in different draining lymph node 
glands measured in vitro following subcutaneous injection. 

The capillary filtration coefficient, K ,  ,, depends not 
only upon the hydrostatic and colloid osmotic pressure, 
but also on the porosity of the capillary wall ( 18). The K ,  
varies for different organs, being smallest in the brain and 
muscle, and highest in the liver. The difference in capillary 
protein permeability parallels approximately the difference 
in Kf,=. The concentration of protein in the interstitial 
fluid of muscle is about 1.5 g/100 ml, 2 g/100 ml in subcu- 
taneous tissue, and 6g/100ml in the liver. If the specific 
tissue uptake of the different tissue specimens is compared 
to the known values of the tissue concentration of protein, 
it is obvious that the so called ‘non-specific binding’ in 
organs like lungs and liver compared to muscles, to some 
extent is due to the capillary protein permeability and not 

to any active binding mechanism. The ratios between the 
tissues and the plasma confirm this statement (Table); the 
ratio being high for the lungs and lower for the lymph 
nodes and muscles. Both lymph nodes and muscles have a 
slow increase in the ratio, probably due to a lower Ke,, 
giving a longer time period for saturation of the interstitial 
fluid, thereby causing a slow increase in the ratio even 
when the plasma activity is decreasing. This indicates that 
immunoglobulins behave as macromolecules and are trans- 
ported passively through openings in the capillary wall and 
then distributed evenly according to the K , ,  of the tissue. 
This first distributional step is probably the most impor- 
tant factor explaining why monoclonal antibodies do not 
reach such high ratios as was calculated from in vitro 
experiments in which the number of binding sites per 
tumour cell has been estimated to be more than 100000 
(9). The same mechanism could also explain why human 
monoclonal antibodies give even lower ratios. Such anti- 
bodies are namely often of the larger IgM type (MW 
160 000). 

It has been shown in vitro that the use of a ‘cocktail’ of 
monoclonal antibodies recognizing different antigenic 
epitopes on the tumour cell gives a better localization to 
the tumour cell. This may present a solution for the 
problem of low tumour uptake when there is variable 
expression of antigen related to the differentiation or to a 
heterogeneous tumour population (19). Still the use of a 
cocktail of antibodies does not solve the problem of pene- 
tration of the antibodies through the capillary walls to the 
tumour cells. 
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