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Abs t rac t -Ce l l s  taken from the spleens of tumor-cured (immunized), tumor-bearing 
or untreated control mice were employed in a test tube Leukocyte Adherence Inhibition 
(L.A.L ) assay. Immunized animals showed a strong L.A.L reactivity to MOPC 104E 
tumor cell antigens but not to those from an unrelated lymphoma. The assay was quite 
sensitive to even limited tumor growth, and a positive L.A.I. index was observed at 
least 6 days prior to the appearance of a palpable tumor. The L.A.I. index decreased 
substantially, however, in animals bearing large tumors. When the L.A.L assay was 
performed in conjunction with the Winn tumor neutralization assay to determine the 
kinetics of development of tumor immunity in spleens of tumor-bearing mice, relatively 
little agreement was observed between the two assays. In contrast, when spleen cells 

from groups of animals with varying levels of in vivo immunity were compared, L.A.L 
indices showed a substantial correlation with the magnitude of in vivo immunity. 

I N T R O D U C T I O N  

TIlE MURINE plasmacytomas are particularly 
appealing models for studying tumor im- 
munity. Significant in vivo tumor immunity 
can be induced by a variety of methods 
including immunization with tumor-specific 
paraprotein [1], repeated immunizations with 
X-irradiated or modified tumor cells [2, 3], 
and cure of palpable tumors by chemotherapy 
[4, 5]. We have recently shown with the 
MOPC 104E plasmacytoma that, by altering 
either the mode of curative therapy [6] or the 
size of the tumor at the time of therapy [7], 
we can generate tumor-cured animals with 
substantially differing amounts of tumor 
immunity. 

Because immunity can be induced against a 
number of defined plasmacytoma antigens in- 
cluding specific paraprotein [1], viral antigens 
[8, 9], PC1 alloantigen [10], and less well- 
defined tumor-associated transplantation anti- 
gens [11], the inducibility of tumor immunity 
against these tumors has been widely studied. 
A primary measure of immunity has been the 
recognition and quantitation of a humoral 
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response against these tumors [1, 10, 11]. In 
addition, assays for cell-mediated tumor im- 
munity have been reported, including a mo- 
dified M.L.C. based on tumor recognition by 
immunized spleen cells [12], macrophage mig- 
ration inhibition [3, 13] and microcytotoxicity 
[3]. The latter two assays suggest the presence 
of immunoreactive cells in both immunized 
and tumor-bearing animals. 

The Leukocyte Adherence Inhibition 
(L.A.I.) assay, initially described by Halliday 
and Miller [14], is based on the decreased 
adherence of antigen-sensitized lymphoid cells 
to a glass or plastic surface in the presence of 
the sensitizing antigen. This assay, recently 
used to measure immunity in both man [15, 
16] and mouse [17], appears to have some 
predictive value as a measure of cell-mediated 
immunity. Because the murine plasmacytomas 
appeared to be a good model for studying the 
development of tumor immunity as well as for 
inducing varying degrees of in vivo immunity, 
the predictive efficacy of this assay was eva- 
luated for the MOPC 104E tumor model. 
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MATERIALS AND METHODS 

M O P C  104E tumor 

The plasmacytoma employed is the IgM- 
secreting MOPC 104E, grown and passaged 
s.c. in syngeneic BALB/c female mine 
(Laboratory Supply Co., Indianapolis, IN). 
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P 1798, a T-cell lymphoma syngeneic to 
BALB/c mice, was kindly given to us by Dr. 
M. Prager (U.T.H.S.C.D.). 

Preparation of a 3M KC1 extract 
Tumor or spleen cells were minced and 

suspended at concentrations of 3.0 x 107 cells 
/ml. The cell suspension was centrifuged at 
500 g for 5 rain. The cell pellet was resuspen- 
ded at a final concentration of 3 x l0 T cells/ml 
in phosphate buffered saline (PBS) plus 
3M KCt. The tumor cell or spleen cell suspen- 
sion in PBS-KC1 was stirred for 16 hr at 4°C. 
The resulting suspension was centrifuged in a 
Ti 60 rotor (Beckman Inst.) at 45,000 rev/min 
(R avg. 165,000 0) for 60 min. The pellet was 
discarded, and the supernatant from 165,000 
0 spin was dialyzed for 12 hr against PBS at a 
200:1 (v/v) ratio. The supernatant was re- 
moved and stored as individual aliquots at 
- 2 0 ° C  until use in the L.A.I. assay. Protein 
content of the resulting extracts was deter- 
mined by the Lowry assay [18]. The con- 
centration of 3M KC1 extracts employed in 
the L.A.I. assay was 240/~g/tube. This con- 
centration yielded the highest L.A.I. indices 
when concentrations from 30 to 480/~g/tube 
were evaluated [19]. 

Generation of immune animals 
Animals were injected s.c. with 1.25 

x l0 s MOPC 104E tumor cells. Fourteen days 
later these animals were treated with 
10 mg/kg cyclophosphamide. This therapy re- 
sulted in tumor regression in 100~)o of the 
animals bearing palpable tumors [6]. Thirty 
to 45 days after cyclophosphamide injection, 
cured animals were rechallenged with 60,000 
100,000 tumor cells (30 50 times the TDs0 of 
control animals). Those animals resisting sec- 
ondary challenge were designated " tumor im- 
mune" and were employed as positive control 
animals in the L.A.I. tests. 

Leukocyte adherence inhibition assay 

While performance of the L.A.I. test as 
described initially [20] requires considerable 
technical expertise, the simplified method of 
Holan et al. [21] was used in these studies. 
Spleen cells from groups of at least three 
normal, tumor-cured or tumor bearing ani- 
mals were obtained by mincing spleen cells in 
DMEM. Erythrocytes were lysed by incu- 
bation of cells in 0.83°'o NH4C1. The spleen 
cells were then pelleted, counted and re- 
suspended at 107 cells/ml in D M E M  + 15 mM 
Hepes buffer+ 7°j,,o fetal bovine serum (FBS) 

(Microbiological Associates, Bethesda MD). 
One tenth ml of a given spleen cell 
suspension (106 cells) was placed in a 20 ml 
test tube. Simultaneously, 3M KC1 extracts of 
spleen cells, MOPC 104E plasmacytoma cells 
or P 1798 lymphoma cells were diluted to a 
final concentration of 2.4 mg/ml. In individual 
tubes were combined 0.1 ml of spleen cells, 
0.1 ml of the diluted 3MKC1 extract, and 
0.3 ml of DMEM with Hepes and FBS, to a 
final volume of 0.5ml. Tubes were gently 
agitated and incubated horizontally at 30°C 
tbr 2 hr. Following incubation, 0.5 ml of PBS 
was added and each tube was inverted gently 
3-6 times to suspend loosely adherent cells. 
~ells in suspension (non-adherent cells) were 
counted in a hemacytometer. Numbers of 
non-adherent cells from samples incubated 
with tumor extract were compared with those 
incubated with control extract. The L.A.I. 
index is the ratio of the number of non- 
adherent cells, tumor extract incubation/num- 
ber of non-adherent cells, control extract in- 
cubation. Statistical comparisons of varying 
indices were determined employing the 
Wilcoxon ranking method [22]. The speci- 
ficity of the 3M KC1 extracts was unknown to 
the individual reading the hemacytometer. 

Winn tumor neutralization assay 
Spleen cell suspensions from groups of three 

immune, control or tumor-bearing animals 
were prepared. Cell viability was determined 
by trypan blue dye exclusion. Viable spleen 
cells at concentrations of 22, 66 or 200 times 
that of the tumor cells were incubated to- 
gether with tumor cells for 30min at 37°C. 
Aliquots containing 6x  104 tumor cells and 
1.3x106 , 4x106 , or 1.2x107 spleen cells 
were injected s.c. into normal animals. 
Recipient animals were then examined daily 
for growth of palpable tumors. 

RESULTS 

Specificity of the L.A.I. assay 
Extracts from two different sources were 

employed in testing specificity of the immune 
reaction to MOPC 104E. One, a 3MKC1 
extract of normal spleen cells, was employed 
as a baseline because it contained B-cell anti- 
gens which might cross react with non-tumor- 
specific antigens of the B-cell-derived plasma- 
cytoma. An extract of P 1798 lymphoma was 
employed to determine if either 
plasmacytoma-immune or control spleen cells 
reacted to tumor cell extracts in a nonspecific 
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manner .  As shown in T a b l e  1, a substant ial  
increase was observed in the number s  of  non-  
adheren t  p l a s m a c y t o m a - i m m u n e  spleen cells 
exposed to p l a s m a c y t o m a  extract ,  while no 
increase occur red  upon  exposure  to ext rac t  
f rom P 1798 l y m p h o m a .  These  exper iments  
established that  the p l a s m a c y t o m a - i m m u n e  
spleen cells reac ted  to p l a s m a c y t o m a  antigens 
but  not to the unre la ted  P 1798 l y m p h o m a .  
E m p l o y i n g  n o n - i m m u n e  spleen cells, a repro-  
ducible  increase in the L .A. I .  index was found 
upon  exposure to p l a s m a c y t o m a  antigens. In  
contrast ,  a min ima l  increase in the L .A. I .  
indices of  n o n - i m m u n e  spleen cells was found 
upon  exposure  to extracts  of  P 1798 lym-  
p h o m a  cells. 

Immunoreactivity o f  immune and normal spleen cells 
in the L . A . L  assay 

In  Figure  1 are shown L.A.I .  indices of  
individual  groups  of  M O P C  104E i m m u n e  
animals ,  tested for react iv i ty  to 3M KC1 ex- 
tracts of  M O P C  104E. Such animals  regular ly  
showed a substant ia l  increase in the L .A. I .  
test (1.30-1.66).  T h e  L .A. I .  indices f rom im-  
m u n e  animals  were higher  than  those of  the 
control  groups ( P <  0.01 ). P re l iminary  experi-  
ments  showed tha t  nonsensit ized spleen cells 
also showed an incrc,~,c in number s  of  non- 
adhe ren t  cells in the presence Of a p lasma-  
c y t o m a  extract ,  as c o m p a r e d  with the n u m -  
bers of  non -adhe ren t  cells in the presence of  
control  extracts.  T h e  da ta  in Fig. 1 show tha t  
exposure  of  n o n - i m m u n e  spleen cells to a 
p l a s m a c y t o m a  ext rac t  regular ly  increased 
number s  of  n o n - a d h e r e n t  cells, imply ing  tha t  
there m a y  be some na tura l  react ivi ty  to anti-  
gens on p l a s m a c y t o m a s  in spleen cells f rom 
u n i m m u n i z e d  animals.  T h e  M O P C  104E ex- 
tracts employed  caused no increase in cellular 
cytotoxici ty  over  a 4-hr  per iod as de te rmined  
by  t rypan  blue dye exclusion [19]. Non-  

adheren t  cell number s  ranged  f rom 620,000 to 
880,000 per  106 pla ted  cells for spleen cells 
f rom i m m u n e  animals  incuba ted  with 
M O P C  104E extract ,  and  f rom 420,000 to 
600,000 for similar cells incuba ted  with con- 
trol spleen extract .  These  exper iments  used at 
least four p repara t ions  of  M O P C  104E and 
control  spleen extracts,  all with similar  results. 

The relationship o f  the L . A . I .  to various in vivo 
states o f  tumor immunity  

Since groups of  animals  with significantly 
different levels o f  t umor  i m m u n i t y  could be 
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Fig. 1. Leukocyte Adherence Inhibition (L.A.L) indices of 
MOPC 104E immune or control spleen cells. Spleen cells from 
MOPC 104E immune or control animals were employed in the 
L.A.I. assay. Each determination (square or circle) represents the 
average of triplicate determinations. Every determination em- 
ployed pooled spleen cells from three similarly treated animals. 
Tumor immune animals were animals which had been cured of 
plasmacytoma with 10mg/kg cyclophosphamide and which 
had subsequently rejected secondary challenge with live 
tumor celA. Control animals had not been previously 
exposed to the M O PC I O4 E tumor. Tumor immune 
animals showed a sign~cant increase (P<0.01) in the 

L.A.I. index relative to that oJ non-immune animals. 

Table 1. Reactivity oJ immune or control spleen cells toward M O P C  104E or P 1798 cell extracts 

Percentage of nonadherent cells in the presence of 3M KC1 
Source of extracts from: L.A.I.-P* L.A.I.-M~" 

spleen cells (I) Spleen cells (II) P 1798 lymphoma (III) MOPC 104E (II/I) (III/I)  

(A) Control++ 43.6 -I- 2.6 46.3 _+ 2.6 51.6 _+ 1.0 1.06 1.17 
hnmune§ 39.0 _. 2.2 42.7 -I- 1.4 53.6 _. 1.2 1.08 1.37 

(B) Control 51.5 -t- 2.0 54.0 __ 2.3 56.7 _+ 1.05 1.05 1.10 
Immune 46.3 + 3.0 44.6 _+ 1.1 61.0__ 2.8 0.96 1.34 

*L.A.I. specificity toward P 1798 lymphoma cells relative to control spleen cell extracts. 
"~L.A.I. specificity toward MOPC 104E extracts relative to control spleen cell extracts. 
+Spleen cells derived from animals unexposed to MOPC 104E tumor. 
§Spleen cells derived from animals who had been cured of a MOPC 104E tumor and had rejected a second tumor graft 
30-55 days previously. 
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obta ined [6, 7], it was possible to investigate 
the relat ionship between L.A.I .  reactivity "and 
in vivo immuni ty .  Results from groups of  ani- 
mals with varying degrees of  tumor  immuni ty  
are shown in Tab le  2. Each value represents 
response from a spleen cell pool of  at least 
three exper imenta l  mice. 

Group  I, a control  group,  showed an L.A.I .  
index of  1.10, consistent with the low but  
reproducible  reactivity typically exhibited by 
non - immune  spleen cells in this assay (Fig. 1). 
Animals of exper imenta l  group II  had been 
cured of a palpable  tumor  with 10mg/kg  
cyclophosphamide  and had rejected a secon- 
dary  challenge with 25,000 viable tumor  cells. 
Since animals cured of a palpable  tumor  with 
low-dose cyclophosphamide  show substantial 
immuni ty  [6], a substantial L.A.I .  index was 
expected and obtained.  Animals in group I l l  
(Table  2) were exposed to 4 5 0 r a d  whole- 
body irradiat ion,  injected with viable tumor  
cells, and t reated with cyclophosphamide  
when tumors became palpable.  Animals im- 
munosuppressed both  by whole-body irra- 
diat ion and systemic cyclophosphamide  might  
be expected to show relatively little tumor  
immuni ty ;  the L.A.I .  index of  1.04 is con- 
sistent with this hypothesis. Animals in groups 
IV and V had been treated with 10mg/kg 
cyclophosphamide.  Group  IV animals were 
injected with 1.25 x 105 viable tumor  cells 4 
days before cyclophosphamide  therapy,  while 
group V animals bore substantial tumors at 
the t ime of  therapy.  T h e  L.A.I.  index of  mice 
cured of  large tumors (group V)  was sub- 
stantial at 1.30, while mice from group IV, 
which main ta ined  a much  lower tumor  bur- 
den at therapy,  demonst ra ted  a much  lower 
L.A.I .  index of  0.92. T h e  explanat ion for the 
negative L.A.I .  index in group IV is not 

obvious. Group  VI  animals had been cured of 
large tumors by cyclophosphamide 
(250 mg/kg) given 30 days before the L.A.I.  
assay. Such animals might  be expected to 
have significant tumor  immuni ty  albeit less 
than low-dose-cured animals [6]. An L.A.I.  
index of  1.15 was observed, which was less 
than that  found in the low-dose-cured animals 
of  group V. Thus  there appears to be some 
relationship between the L.A.I.  index and in 

,,vivo tumor  immuni ty .  

Kinetics of development of tumor immunity 

Tw o  experiments were performed to relate 
the L.A.I .  index to the dura t ion of  exposure 
to the tumor.  T h e  resulting da ta  are presented 
in Fig. 2. In both experiments  animals were 
injected with 1.25 x l0 s tumor  cells on day 0 
and their spleens were removed  on the in- 
dicated days following tumor  inoculation.  The  
circles on day 0 represent  negative control 
responses, i.e., spleen cells were taken from 
animals which had no exposure to tumor.  The  
squares on day 0 represent  positive control 
responses, i.e., spleen cells fi'om animals cured 
of palpable  p lasmacytoma by low-dose cyclo- 
phosphamide  and which had rejected a secon- 
dary  tumor  challenge. Th e  choice of cells as 
positive controls was based on earlier work in 
which such animals displayed a substantial 
degree of tumor  immuni ty  in v ivo  [6]. 
Immunologic  reactivity as de termined  by an 
increase in the L.A.I .  index rose sharply to 
day 6, followed by a decline (Fig. 2). At 4, 6 
and 8 days following tumor  injection, L.A.I .  
indices were significantly higher  ( P < 0 . 0 5 )  
than those of  uninjected animals. Maximal  
L.A.I .  indices for tumor-bear ing  animals were 
comparab le  to those of immune  control ani- 
mals. Th e  sensitivity of  this assay to even 

Table 2. Leukocyte adherence inhibition in immune and non-immune mice 

Percentage non-adherent cells (tumor) 

Group Treatment Percentage nooa-adherent cells (control) L.A.I. 2 ° Rejection* 

I Control 54___2 / 49_+1.5 1.10 
IIJ" Low dose cured, 2 ° rejection 66_+2 / 49!1.5 1.37 + + + + 

III+* WBI, cyclophosphamide cured 45.1 _+ 1 /43.5_+ 1.5 1.04 N.T. 
IV{} Small tumor low dose cured 43.5_+ 1 /47.0 + 1.5 0.92 + 
V{} Large tumor low dose cured 72.5-t-2.5/55.5-t-2.0 1.30 + + + + 

VI{} Large tumor high dose cured 48.5q-5 / 42-+- 1.5 1.15 + + 

*Secondary rejection--this is a measure of an animal's ability to reject a live tumor cell challenge. 
+Animals in group II had been cured of a palpable plasmacytoma with cyclophosphamide. Thirty days later these 

animals were rechallenged with a small number of tumor cells. Thirty days later these animals were employed in the 
L.A.I. test. 

++WBI =whole-body irradiation. 
{}Animals in groups IV VI were cured of plasmacytomas 30 days prior to their use in the L.A.I. test. 
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Fig. 2. The Leukocyte Adherence Inhibition (L.A.I.) index of 
spleen cells at various times following tumor cell inoculation. 
Spleen cells from mice who had been injected with 125,000 
viable tumor cells, at the times shown on the abscissa, were 
employed in the L.A.I. assay. The relative numbers of such cells 
that did not adhere in the presence of a 3M KC1 extract of 
MOPC 104E relative to non-adherence in the presence of a 
control extract was determined to be the L.A.L index. Open 
symbols, experiment I; closed symbols, experiment II;  circles 
(day 0), control spleen cells from mice not exposed to 
MOPCIO4E tumor cells; square (day 0), positive control 
spleen cells from animals who had been strongly immunized 

against MOPC 104E tumor cells. 

l imited t u m o r  exposure  is emphas ized  by  the 
positive react ivi ty  of  animals  chal lenged 6 
days  previously.  T h e  substant ia l  decrease in 
the L .A. I .  index by day  10 is pr ior  to the 

manifes ta t ion of  a pa lpab le  tumor ,  which  nor-  
mal ly  occurs be tween days l l  and  13. For  
animals  bear ing  pa lpab le  tumors,  the results 
in expt. I (closed circles) showed little differ- 
ence when  tested at ei ther  10 or 18 days post- 
t umor  inoculat ion.  This  finding, however ,  was 
not  r ep roduced  in expt.  I I  or in two other  
experiments ,  [19] where  L .A. I .  indices of  1.02 
and  1.10 were observed f rom groups of  ani- 
mals bear ing  large tumors.  Thus ,  there ap-  
pears to be a general  decrease in the L.A.I .  
index after the t umor  has reached  a pa lpab le  
stage. 

T o  correlate  the L .A. I .  da ta  wi th  ano the r  
more  c o m m o n l y  employed  assay for t umor  
immuni ty ,  the spleen cells used in expt.  I 
(closed circles) for testing the L .A. I .  index, 
were s imul taneously  used in the W i n n  assay. 
Both the average  t ime of  t u m o r  a p p e a r a n c e  
and the L .A. I .  indices associated with  each 
group  are shown (Table  3). No differences 
were  observed in the t ime of  t u m o r  ap-  
pea rance  be tween incuba t ion  with control  
cells (group V I )  and  cells f rom mice bear ing  
t umor  for 2, 4 or 18 days (groups I,  I I  and  
V).  T h e r e  was a slight but  statistically in- 
significant increase in the t ime to t u m o r  ap-  
pea rance  in animals  injected with 1.2 x 107 or 
4.0 x 106 spleen cells f rom animals  exposed to 
t umor  for 6 or 11 days (groups I I I  and  IV) .  
In  no case, however ,  did spleen cells f rom 
tumor -bea r i ng  animals  lead to substant ia l  in- 
creases in the t ime of  t u m o r  a p p e a r a n c e  or a 
total  ab roga t ion  of  t u m o r  growth.  In  the 
i m m u n e  control  g roup  (group V I I ) ,  ratios of  
spleen cells to t u m o r  cells of  as low as 22:1 
yielded substant ia l  delays in the t ime of t umor  

Table 3. 

Groups 

Comparison of  tumor immunity as assessed by the L.A.I .  assay and the Winn 
neutralization test 

i 

Average day of tumor appearance* 
Days bearing 

tumort 200:1 66 : 1 22 : 1 L.A.I. index 

I 2 17.3+0.98 17.1 +0.75 17.5_+0.43 1.24 
II 4 17.7+0.81 t7.5___0.91 17.0+0.83 1.31 

III  6 19.6+0.91 19.0_+0.90 17.0+1.17 1.52 
IV 11 19.5_+0.50 19.3_+0.57 18.7_+0.56 1.20 
V 18 17.1 _+0.27 18.0_+0.61 17.9_+0.59 1.17 

VI Control+ 17.5_+0.81 17.6_+ 1.0 16.4_+0.91 1.17 
VII Immune control§ II 26.1 _+1.2 22.7_+1.1 1.54 

*The values listed below are the average day of tumor appearance following injection of groups 
of 5 animals with 6 x 104 viable tumor cells, and 22:1, 66:1 or 200:1 excess spleen cells. 

?Spleen cells were obtained from animals injected with 1.0 x l0 s tumor cells on day 0. 
+Spleen cells from animals not exposed to MOPC 104E cells. 
§Spleen cells from animals cured of a MOPC 104E tumor, and which had rejected a rechallenge 

with the same tumor. 
llFor spleen cells from group VII animals at 200:1 ratios, tumors failed to grow out in 4 out of 5 
animals; at 66:1 ratios, 1 of 5 animals failed to show tumor growth. 



692 R. A. Lubet and D. E. Carlson 

appearance, and 200:1 ratios totally abro- 
gated tumor growth in four of five animals. 
The two assays thus yielded substantially dif- 
ferent results. The L.A.I. results implied signi- 
ficant tumor recognition in spleens from ani- 
mals bearing tumors for 6 days, yet no tumor 
inhibitory activity was seen with these cells in 
the Winn assay. Animals bearing tumors for 6 
days and tumor-cured animals showed strik- 
ingly different degrees of immunity in the 
Winn assay yet showed similar L.A.I. indices. 

DISCUSSION 

We ha~e used the murine plasmacytoma 
M O P C  104E to evaluate the L.A.I. assay un- 
der conditions of known immunoreactivity. 
Earlier we showed that autochthonous im- 
mune responses could abrogate substantial tu- 
mor burden following small doses of either X- 
rays or cyclophosphamide. Further, upon re- 
challenge, cured animals were shown to reject 
M O P C  104E cell inocula some 200 times that 
observed for previously untreated mice [6]. 

The question of specificity shown by im- 
mune spleen cells in the assay was addressed 
by comparing the activities of extracts from 
the original plasmacytoma with extract from 
the unrelated lymphoma P 1798. With P 1798 
lymphoma extracts, the L.A.I. indices of 1.05 
and 1.03 for plasmacytoma-immune and nor- 
mal spleen cells suggest lack of cross re- 
activity. The indices are in contrast to results 
with M O P C  104E extracts, in which L.A.I. 
indices of 1.14 and 1.37 were seen for normal 
and plasmacytoma-immune spleen cells. Thus, 
it appears that the assay is specific for 
plasmacytoma-immune spleen cells. 

Two lines of evidence suggest that normal 
spleen cells exhibit limited but reproducible 
reactivity to the plasmacytoma. Results from 
Fig. 1 show an L.A.I. index of 1.14 for 
normal cells. Further, when normal spleen 
cells were mixed with tumor cells (Table 2, 
control) and injected into control recipients, 
palpable tumor formation required 17 days, 
while tumor alone produced palpable tumors 
in 14.5 days [19]. Others have reported both 
cytotoxic serum [10] and in vitro cell-mediated 
immunity [12] against this and other plasma- 
cytomas in control animals. The apparent 
specificity of normal cell immunoreactivity 
may involve naturally occurring cross-reactive 
differentiation antigens which are expressed 
on most plasma cells [10] or antigens from 
endogenous A or C type particles [9]. 

Experiments were performed to determine 

the development of tumor immunity in the 
spleens of tumor-bearing animals employing 
the L.A.I. assay. A peak L.A.I. index occur- 
red 6 days following tumor cell inoculation 
followed by a decrease in reactivity. Since 
these tumors normally become palpable 12-13 
days post-tumor implantation, a decline in the 
L.A.I. index occurs prior to palpable tumor 
formation. This early increase in immune 
reactivity followed by a later decline is char- 
acteristic of many in vitro models of tumor 
immunity [23]. A similar pattern of reactivity 
has recently been shown by Braun and Dray 
[24] when measuring immunity against 
M O P C 3 1 5  using an M M I  assay. Previous 
work testing immunity, employing the L.A.I. 
microtest against either a s.c. melanoma [17] 
or MSV-induced tumors [25], also showed a 
rapid induction of reactivity tbllowed by a 
decline with tumor growth. Since the L.A.I. 
assay is relatively new and any direct extrapo- 
lation of the results is problematic, it was 
compared to the more traditional Winn tumor 
neutralization assay. The somewhat unexpec- 
ted results showed that, while the L.A.I. index 
of some tumor-bearing animals (i.e., group 
III,  Table 3) approached that of the immune 
animals, spleen cells from the same cell pool 
were not nearly as effective in the Winn assay. 
This general lack of effectiveness of spleen 
cells from tumor-bearing animals in the Winn 
assay could be due to a variety of reasons 
including: (1) the lack of significant immunity 
in tumor-bearing animals; (2) the presence of 
ceils in the spleens of tumor-bearing animals 
which suppress or inhibit the specific immuno- 
logic response against the tumor; or (3) the 
carryover of metastatic myeloma cells in the 
spleen during the Winn assay. It must be 
emphasized that the two assays are measuring 
different end-points, and therefore might not 
be expected to show concordance. While the 
L.A.I. assay presumably measures tumor anti- 
gen recognition by immune spleen cells, the 
Winn assay measures the ability of immune 
spleen ceils to inhibit tumor growth in vivo. 

Because variation in the amount of residual 
tumor immunity could readily be achieved in 
this tumor system, investigations relating the 
L.A.I. index to in vivo tumor immunity were 
undertaken (Table 2). Animals cured with a 
low dose of cyclophosphamide and showing 
strong in vivo immunity [6] had a high L.A.I. 
index. Similarly, animals cured of tumor with 
a high dose of cyclophosphamide and showing 
less in vivo immunity [6] also had a lower 
L.A.I. index. That  the L.A.I. index of high- 
dose-cured animals is similar to that of con- 
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trol animals is surprising since such animals 
can reject more cells than control animals. 
One possible explanation for this difference is 
that although high-dose-cured animals 
showed reactivity m vivo, their spleens may 
include different relative numbers of T- and 
B-lymphocytes, monocytes and neutrophils 
than low-dose-cured or control animals. Thus, 
if the reactivity in the L.A.I. assay is dependent 
on the presence of certain cells, this reactivity 
may be altered in high-dose-cured animals. 

Another method of inducing animals with 
significantly differing amounts of in vivo tumor 
immunity involves curing animals with tumors 
of differing sizes [7]. Animals cured of small 
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tumors showed limited in vivo immunity and a 
low L.A.I. index. In contrast, animals cured 
of a large tumor by low-dose cyclophos- 
phamide therapy exhibited relatively high in 
vivo tumor immunity and a high L.A.I. index. 
Similarly, animals bearing a large tumor and 
cured with a relatively high dose of cyclophos- 
phamide showed intermediate levels of im- 
munity both in vivo and in the L.A.I. assay. In 
general, the magnitude of the L.A.I. index 
does bear some resemblance to the magnitude 
of in vivo immunity. In summary, the L.A.I. 
assay appears to have some promise, although 
it requires further characterization to deter- 
mine its exact biological significance. 
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