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The aim of the present study was the an- 
alysis of the antigenic properties of two cul- 
tured transformed cell lines derived from 
lung tissue from normal adult C3H mice. The 
methodological approach used in this work 
was mainly the migration inhibition test. 
This technique is attracting the interest of an 
increasing number of investigators working 
in the field of transplantation and cancer 
research (1-3). For comparison, the results of 
some transplantation experiments are in- 
cluded. 

Materials and Methods. Two cultured cell 
lines and tumors developed after inoculation 
of these cells into the original inbred strain of 
C3H mice were used. The two cell lines were 
established in 1964 ( L-1 ) and 1969 ( L-2c). 
Both underwent apparently spontaneous 
malignant conversion during propagation in 
vitro, the L-1 line after 6 months and the 
L-2c line after 10 months of cultivation. 
Composition of media and methods of culti- 
vation have been described elsewhere (4 ) ,  
together with the morphologic characteristics, 
growth pattern, metabolism, and tumorogen- 
icity of the L-1 line. The morphologic alter- 
ations which preceded the malignant conver- 
sion of the L-2c culture resembled those ob- 
served in the L-1 line. In the course of the 
present experimental work the cell cultures 
were controlled twice for contamination by 
mycoplasm with negative results. -4fter sub- 
cutaneous (sc) inoculation of the cultured 
cells in newborn C3H mice, but not in adult 
mice, anaplastic sarcomas developed as previ- 
ously described (4) .  From these sarcomas 
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two tumor lines (C3H-Ll and C3H-L2c) 
were established in adult inbred C3H mice 
by sc transplantation. 

Immunization. Inbred strains of C3H and 
DBA/2 mice were immunized by sc injec- 
tions of loi cells in Dulbecco's phosphate 
buffered saline (PBS) , and reimmunized ai- 
ter 1-6 weeks. In  most experiments, reimmu- 
nization was performed after 2 weeks. In 
some experiments, minced tumor tissue from 
tumors propagated in vivo was used for pre- 
immunization. Animals showing regressive tu- 
mor growth were selected for reimmuniza- 
tion. 

The immunological response was checked 
in vivo and in  vitro, partly by the sc trans- 
plantation of 0.2 ml of minced C3H-L1 and 
C3H-L2c tumor tissue into preimmunized an- 
imals, and partly by the migration inhibition 
test ( M I T )  in the modification described by 
Haskova et al. ( 5 ) .  

Migration inhibition test ( M I T )  . I n  
Haskova and co-workers' modification, spleen 
fragments rather than peritoneal exudate 
cells packed in capillary tubes, are used as 
the reacting tissue. The test was performed 
10-20 days after reimmunization. 

Fragments of spleen pulp with a diameter 
of ca. 1 mm were cultured in plastic trays 
(Linbro FB 48 clear), containing wells of 
6-mm diameter, for 18 hr a t  37". Most of the 
cultures were incubated in a C 0 2  ( 5 % )  incu- 
bator. Some of them were cultured in the 
normal atmosphere, in those cases namely 
when the addition of ag-homogenate lowered 
the pH beyond the control of the buffer sys- 
tem of the medium. Therefore, as a rule, pH 
of the medium was checked after incubation. 
Cultures showing pH values exceeding a 
range of 6.8-7.4 were discarded as technical 
failures. 

Ten to 12 fragments of each spleen were 
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TABLE 1. Protection arid Cross-Protection of C3H Mice Prcirririiunized with Cultured L-1 and 
IA-2C Cells" Against Their Corresponding Tumors Propagated in V'iuO. 

No. of mice with progressively growing tumor/total no. 
of mice 

Tumor Preimmuni- 
challenge zation : I A - 1  Con tr ol L-2c Control 

Ib 9/9 10/10 2/12 8/10 
I1 0/10 10/10 

C ~ H - ~ J ~ C  tumor I 10/10 10/10 10/10 10/10 
I1 10/10 10/10 10/10 10/10 

a lo7 cells injected sc. 
I, one prcimmunizing injectioii; TI, throc preimmuiiizirig injections given a t  weekly inter- 

vals. 

cultured independently, i.e., each animal 
spleen was measured 10-12 times. Half of the 
cultures contained no antigen (ag) . 

Antigens were introduced into the reacting 
system as homogenates of cells diluted by the 
culture medium. The  concentration of ag was 
controlled by protein determination. 

Preparation of ag for the in vitro, chal- 
ZPnge. Established cell lines or spleen cells, 
respectively, were suspended in PBS, and cen- 
trifuged for 10 min a t  800g a t  room tempera- 
ture. The cells were then resuspended in PBS 
in concentration of lo9 cells/ml and homog- 
enized in a glass homogenizer at 0'. 

Fifty to 100 mg of minced tissue were 
homogenized in 1 ml of PBS in a glass homog- 
enizer a t  0". 

Homogenates were diluted in the Fib 14B 
culture medium (4) .  Final concentration of 
the ag added to the culture medium varied 
from 1-0.2 mg of protein/ml. In  few experi- 
ments, concentrations as high as 7 mg/ml 
and as low as 0.06 mg were used. 

Planirnetry and calculqtion o f  the results. 
Planimetry was performed under linear mag- 
nification of 12.5X, and migration index 
( M I )  was calculated. M I  is defined by the 
formula : 

where ?f2 is the radius of the area of migration 
of macrophages and r1 is the radius of the 
central fragment. Therefore: 

MT = ~2 - ~ 1 ,  

1 

where P 2  and PI are the measured areas of 

migration and the central fragment, respec- 
tively. 

The M I  values were used for calculation of 
inhibition index (IT), which shows the inhi- 
bition in the experimental system by compar- 
ison of the M I  values in presence and ab- 
sence of ag in the medium. 

TI is therefore by definition I ( M I  with 
ag)/(MT without ag) in culture medium, and 
may vary theororetically from 1 to 0. 

As some unspecific inhibition might occur 
when ag is applied in the form of the crude 
homogenate, controls on unsensi tized animals 
were performed. The proper concentration 
of ag in medium was found by choosing the 
concentrations showing none or minimal un- 
specific inhibition when tried on spleens of 
nonsensitized animals. 

The mean value of TI was used for statisti- 
cal evaluation of the results obtained with 
sensitized animals in relation to unsensitized 
ones. The alternative possibility of evaluation 
by comparing with the value of 1, is dis- 
cussed below. 

Results. Table T shows the influence of 
preimmunization with the two cultured cell 
lines on the susceptibility of inbred C3H 
mice to the C3H-L1 and the C3H-L2c tu- 
mors propagated in vivo. 

The systems studied with M I T  in this work 
are shown in Table TI. The results of the 
measurements are given in the Tables T I T ,  
IV,  and V. 

Two small groups of animals (Table V, 3 
and 4) containing three animals each were 
evaluated statistically as one group, because 
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TABLE 11. Expcrinicntal Systems Used in tlie Migration Inhibition Test (MIT) .  

Material used for  

Mouse strain Preimmunization Challenge Problcm 

C3H L-1 
L-1 
IA- 1 

L-2c 
L-2c 
L-2c 

DBA L-1 
L-2c 
L-1 
L-2c 

C3H C3H-L1 tumor 
and cells 

L-2c 
C3H-L2c tumor 

C3H No 

DBA No 

L-1 
L-2c 
C3H s1)leen 

L-2c 
L-1 
C3H spleen 

L-1 
L-2c 
C 3 H spleen 
C3H spleen 

I A -  1 

C3H-L2c tumor 
L-2c 

L-1 
L-2c 
C3H spleen 

Sensitization 
Cross-reaction 
Autoimmunization 

Sensitization 
Cross-reaction 
Autoimniunization 

Sensitization 
Sensitization 
H-2' 
H-2' 

Cross-reaction 

Cross-reaction 
Cross-reaction 

Controls 

of the similarity of the immunological factors 
involved. 

Discussion. 1. Preimmunization of C3H 
mice with cultured L-1 and L-2c cells pro- 
tected the recipients against subsequent 
transplantation with the in vivo propagated 
C3H-L1 tumor, indicating the presence of 
common isoimmunizing antigens in the two 
cultured cell lines and the C3H-L1 tumor. 
The  absence of a similar protection against 
the C3H-L2c tumor suggests that this tumor 
does not share this or these antigens. Howev- 
er, cross-reaction between the cultured L-2c 
cells and the C3H-L2c tumor was revealed 

by the M I T  in vitro (Table V, 3 and 4). 
Thus, the negative result of the transplanta- 
tion test may rather be interpreted as a 
manifestation of high virulence enabling the 
C3H-L2c tumor to overcome the immunologi- 
cal barrier even in hyperimmunized C3H 
mice. 

2. Evaluation of M I T  was based on the 
calculation of I1 which theoretically varies 
between 0 and 1 value. The experimental 
results might therefore be compared with re- 
spect to their significance to the value of 1. 
This is true only when ag introduced into the 
medium does not influence a t  all the unsen- 

TABLE 111. Isoimmunization, Cross Immunization, and Autoimmunization by  L-1 and L-2c Mouse Cells 
as Measurcd by  Migration Inhibition Index (11). 

Mouse Preimmu- tcomp. Expt. 
No. strain nization C h nlleng c I1 n S t o  : no. 

7 
8 
9 

C3H L-1 
L-1 
L-1 
L-2c 
L-2c 
L-2c 

C3H No 
No 
No 

L- 1 
L-2c 
C3H splccn 
L-2c 
L-1 
C3H spleen 

L-1 
L-2c 
C3H spleen 

0.72 
1.11 
0.92 
0.55 
0.83 
0.90 

0.90 
0.82 
1.05 

11 
8 
6 

12 
12 

8 

9 
8 
5 

0.08 3.46 7 
0.11 5.57 8 
0.07 2.00 9 
0.09 6.32 8 
0.17 0.95 7 
0.05 2.78 9 

0.14 
0.08 
0.12 
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T A B L E  IT. Response of DBA/2 Mice Sensitized by the Malignant L-1 and L-2c Cells to the Challenge 
by Nonmalignant C3H Spleen Cells as Measured by the Malignant Inhibition Index (11). 

Mouse Preimmu- t comp. Expt. 
No. strain nization Challenge I1 n S to : no. 

1 DBA L- 1 L-1 0.55 5 0.05 3.23 5 
2 L-2c L-2c 0.50 5 0.05 2.57 6 
3 L-1 C3H spleen 0.92 8 0.17 1.79 7 
4 L-2c C3H spleen 0.91 6 0.12 2.12 7 

5 DBA No L-1 0.86 5 0.18 
6 NO L-2c 0.86 5 0.12 
7 NO C3H spleen 1.10 5 0.15 

sitized controls. In  our experiment, this was 
not always the case. The unwanted unspecific 
toxicity was observed for as low concentra- 
tions of ag (estimated by protein conc) as 
0.05 mg/ml. As i t  might be useless to use 
lower concentrations of ag at  the risk of not 
releasing the migration inhibition factor 
(MIF) ,  the significance of the results was 
calculated in relation to the I1 of unsensi- 
tized controls. 

3. I t  was shown that not only the L-1 but 
also the L-2c cell line has isoimmunogenic 
properties (Table 111, 1 and 4).  However, 
the M I T  did not reveal any cross-reaction 
between these two lines (Table 111, 2 and 5) .  
This might be explained by the unspecific 
toxicity discussed above, which influences the 
unsensitized controls (Table 111, 7 and 8) 
used for the statistical evaluation of the sig- 
nificance, thus lowering the sensitivity of the 
test. 

4. The antigenic similarity of the trans- 
formed cell lines to the original tissues al- 
lowed for theoretical assumption of the in- 
duction of autoimmunization after sensitiza- 
tion. The mechanism of the termination of 
tolerance by the use of antigens closely simi- 
lar to the tolerogenic ones, could be responsi- 
ble for this phenomenon. Slight signs of au- 
toimmunization were shown in our systems 
(Table I I I , 3  and 6).  

5. The unexpected result of the experi- 
ments was that although both cell lines de- 
rived from the C3H strain sensitized the 
DBA mice across the H-2 barrier (Table IV, 
1 and 2) the sensitized animals do not cross- 
react readily with the normal C3H tissues 
(Table IV, 3 and 4). 

Until more fundamental data on the nature 

of the tumor ag become available the sim- 
plest way to discuss the results is to assume 
that antigenicity of malignant cells based on 
a mosaic pattern of normal and tumor anti- 
gens is easier recognized by the sensitized 
animals when the complete pattern rather 
than its single component is presented (6). 
The decreased concentration of the H-2k sur- 
face ag by the dilution caused by the newly 
acquired tumor ag also might be taken into 
account (7,8). 

6. In the experiment on the cross-reaction, 
discussed above, between the two cultured 
cell lines unexpected promotion of migration 
was seen in the system in which spleens from 
mice sensitized by the L-1 cells were chal- 
lenged by L-2c ag (Table 111, 2 ) .  The results 
of the present experiments do not offer any 
explanation of this observation which might 
be related to the promotion of migration by 
very small concentrations of ag observed by 
other authors (9-1 1). 

7. Cross-reaction of the L-1 cell line with 
the tumors originating from the same cell line 
(Table V, 1 and 2) was observed in animals 
sensitized by regressed tumors and chal- 
lenged by cultured cells. Similar findings 
were made for L-2c cells and tumors derived 
from this cell line (Table V, 3 and 4) in 
contrast to the negative transplantation test 
discussed above. 

8. The present results indicate the useful- 
ness of the MIT in experimental oncology in 
particular in cases where transplantation sys- 
tems fail to reveal the immunogenicity of 
transplanted tumors of high virulence. 

Summary. a. M I T  used in the present 
work was found to be a useful method for the 
evaluation of sensitization occurring in on- 
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Mouse t comp. Espt. 
No. strain Preiniiiiunization Challc11ge 11 n S to :  no. 

1 CSH C3II-111 tuirior 
arid L-1 cells 

2 C3H KO 

3 C3H C3I3-T1-2c tumor 
c3H-L-2~ tumor 
C3H-L-2c tumor 

4 C31I L-sc 
L-2C 
L 2 c  

3 + 4  C3H 

1,-1 0.76 9 O.0i 5.12 2 

T A - 1  0.94 G 0.07 

0 . i i  1 
0.68 1 
0.i8 1 

.Z 0.iO G 0.08 2.49 (Table 111, 7) 

cological experimental systems, where trans- 
plantation tests may fail due to high viru- 
lence of the tumor. 

b. Both cell lines used, L-1 and L-2c, 
which are established tumorogenic cell lines 
derived from the C3H strain, sensitize 
isogenic hosts when injected sc. 

c. No cross-reaction between the two cell 
lines could be demonstrated by the MIT as 
used in this work. 

d. Both cell lines sensitize hosts of DBA4 
strain across H-2. However, only slight signs 
of cross-reaction were seen, when DBA spleen 
sensitized this way was challenged by C3H 
spleen cell homogenate. 

e. Experiments on tumors derived from the 
tumorogenic cell lines show cross-reactions 
with the original cell lines. 

f .  Slight signs of autoimmunization were 
observed in C3H mice after sensitization by 
the transformed cell lines, when challenged 
by the normal C3H spleen homogenate. 
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