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We have previously reported on the selection of monoclonal 

antibodies (MAb) against carcinoembryonic antigen (CEA) by in vitro 

and in vivo (nude mouse model) studies (1). We concluded from these 

experiments, that MAb 35 is an optimal tracer in the sense of high 

specificity (no crossreaction to human granulocytes) (2) and of high 

affinity to CEA (5.8x10V1). The rational to use Pab of MAb 35 for 

human tumor immunoscintigraphy was based on the higher tumor to 

normal tissue ratios obtained in nude mice as compared to intact MAb 

and F(ab')2 (3). These better ratios were partially due to the 

faster clearance of fragments from blood and normal mouse tissues. A 

second advantage of fragments, however, could be their more rapid 

accumulation at the tumor site and Its deeper penetration. An 

Insufficient tumor Infiltration of intact MAb, however, cou'd be a 

limiting factor if we consider to apply therapeutic doses of 

radionuclides or cytostatlca coupled with antibodies to cancer 

patients. To Investigate this question of tumor penetration with 

radiolabeled MAb we have used both an 1n vitro and an in vivo tumor 

model. 



17 

Penetration of MAb and fragments into tumor spheroids. 

For in vitro studies we used multicellular spheroids of colon 

tumor Co 112. Starting from single cell suspensions, small growing 

aggregates of cells were transferred to spinner flasks, and after 

several weeks spheroids of 0.5 to 1 mm diameter were obtained. At 

this stage, the spheroids consisted of 15 to 2C viable cell layers 

and a central tumor necrosis due to nutrition deficiency. By an 

indirect immunoperoxidase method CEA was demonstrated to coat part 

of the spheroid surface where it can be very abundant (4). At depths 

of 5-10 cell layers another localization of CEA in high 

concentration was demonstrated in the pseudolumen of fairly well 

differentiated pseudoglands. 

Radiolabeled MAb 35 and 202 either in intact form or as F(ab')2 

or Fab fragments were incubated for 4 hrs at 37°C with the 

spheroids. After washing, they were fixed and cut into 8 urn sections 

and covered with photoemulsion for autoradiography. At intervals of 

2 weeks section samples were developped and examined microscopically 

for radioactivity distribution. Both intact MAb 35 and 202 were 

found at high concentration in the CEA rich coat, surrounding the 

spheroids, yery little radioactivity was found in depths of more 

than 1 to 3 cell layers suggesting that penetration of intact MAb 

was strongly inhibited.F(ab')2 and especially Fab fragments were 

found deeper inside the spheroids 5 to 10 cell layers elongated from 

the surface. The CEA rich coat of spheroids was also heavily labeled 

by the MAb fragments, the lumina of the pseudoglands, however, were 

only rarely stained after this 4 hr Incubation period, indicating 

that even the fragments could not cross the cell barrier around the 

pseudolumen. 
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Tumor penetration J^ HAb and fragments in the nude mouse model. 

For in vivo studies mice bearing the CEA expressing tumor T 380 

(4) were '<igatur*4 on both kidneys to prevent a fast excretion of 

125 
MAb fragments (r). Immediately after operation I labeled intact 

MAb 36 or its Flab'),, and Fab fragments were injected intravenously 

together with ? indium labeled anti-CEA intact MAb (provided from 

Hybritech Inc., which was used as internal control. The mice were 

sacrifized 8 hrs after injection, and the tumor, all normal organs 

and the carcass were dissected and the specific radioactivities were 

counted in a dual channel gamma counter. 88 to 100% of each isotope 

was recovered from all animals. The radioactivity per gram of 

tissues was calculated and normalized in % of injected dose. 

Mean tumor to normal tissue "ratios" comprising all organs and 

carcass) in the individual mice ranging from 2.3 to 10.4 were 

obtained with the n lInd1um labeled MAb. The "ratios" of Intact MAb 

35 did not differ significantly from the intact 1 U I n MAb (mice 1-4, 

Table 1). In the two other groups constantly better "ratios" in 

favor of the F(ab')2 and especially of Fab fragments were obtained 

as compared to intact In MAb. The mean "advantages" for F(ab')2 

and Fab fragments were 1.6 (mice 5-8) and 2.3 (mice 9-12), 

respectively. This advantages are significant especially because 

they do not vary 1n Individual mice whereas the uptakes into tumor 

can show fairly large variation (Table 1). 

Tumor to blood ratios have been always very low after injection 

of Intact anti-CEA MAb (1,3). Intact MAb 1n the present nude mice 

(dissected 8 hrs after injection) gave tumor to blood ratios ranging 

between 0.37 and 1.72 with a mean of 1.01. Both intact MAb gave very 

similar ratios. The advantage for F(ab')? fragments (as compared to 
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Table 1 

Tumor to normal tissue ratios B hrs after 1v Injection of mice 

with ligatured Mdneys 

animal 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ratio 1nt. Mab In-Ill 

4.02 

2.76 

2.26 

4.03 

ratio int. Mab In-Ill 

3.02 

5.03 

4.66 

3.84 

ratio int. Mab In-Ill 

2.32 

2.67 

10.44 

4.26 

ratio int. Mab 1-125 

4.27 

3.00 

3.01 

4.27 

ratio F(ab')2 1-125 

4.95 

7.34 

6.98 

6.79 

ratio Fab 1-125 

5.03 

6.87 

22.66 

9.94 

ratio 1nt. M. 1-125 

ratio 1nt. M. In-Ill 

1.06' 

1.09 

1.33 

1.06, 

m. = 1.14 

sd. = 0.13 

Advantage F(ab')2 * 
ratio F(ab')2 1-125 

ratio int. M. In-Ill 

1.64 

1.46 

1.50 

1.77, 

m. = 1.59 

sd. = 0.14 

Advantage Fab • 
ratio Fab 1-125 

ratio int. M. In-Ill 

2.17" 

2.57 

2.17 

1 2-33 

m. « 2.31 

sd. « 0.19 
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intact MAb) was 1.54 (range : 1.48 to 1.61). A very high advantage 

of 3.75 (range : 2.94 to 4.35) was obtained for Fab fragments. Again 

these advantages in favor of MAb fragments are significant because 

of their low variability in individual mice. The strikingly high 

advantage of Fab fragments ever intact MAb (comparing tumor to blood 

ratios) is due to two teasons comprising a faster tumor localization 

but also a more rapid disappearance from the blood vessels. 

We concluded from the spheroid experiments that antibody 

fragments penetrate more rapidly into tumor tissue. The in vivo 

study with nephrectomized mice confirmed this result in the sense 

that definitely higher amounts of radioactivity were found in tumor 

after fragment injection. The higher turno- to normal tissue ratios 

obtained with MAb fragments can therefore be attributed to the 

combined effect of rapid elimination from normal tissues by renal 

excretion (under physiologic conditions) together with a more rapid 

tumor penetration. 
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