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SUMMARY

We have investigated the mechanism by which blocking
antiserum inhibits lymphocyte-mediated cytolysis of al-
logeneic tumor cells in vitro. This analysis was made
possible by our previous observation that the cytolytic
reaction can be experimentally separated into binding and
lytic phases. The results show directly that inhibition of
lymphocyte-mediated cytolysis can be attributed to preven
tion of allogeneic tumor cell binding by cytotoxic lympho
cytes. Blocking antiserum may also inhibit cytolysis by
displacing bound lymphocytes from tumor cells prior to
irreversible tumor cell damage.

INTRODUCTION

Serum inhibition (blocking) of in vitro lymphocyte-
mediated cytolysis has been demonstrated by several inves
tigators (1, 8, 12, 13, 15, 16). Blocking factors can be
produced by immunization with normal or neoplastic tissues
and are found in individuals bearing spontaneous tumors.
The blocking effect has been shown to be immunologically
specific (12, 15), and it has been proposed that antiserum
and cytotoxic lymphocytes compete for the same antigens
on the target cell surface (8, 12, 13, 15, 16). It has previously
been demonstrated that lymphocyte-mediated cytolysis is a
complex multistage phenomenon that is experimentally
separable into a binding and a lytic phase (2, 3, 5, 19). In
this communication, we report on the stages at which
hyperimmune blocking serum inhibits lymphocyte-
mediated cytolysis and the mechanism by which the serum
acts.

MATERIALS AND METHODS

Tumor, Mice, and Immunization. Leukemia EL4 was
maintained in an ascites form in male C57BL/6J mice (The
Jackson Laboratories, Bar Harbor, Maine). Eight- to
12-week-old male BALB/c mice (Roswell Park Memorial
Institute, West Seneca, N. Y.) were immunized by i.p.
injection of 2.5 x IO7 EL4 cells. PEL3 were obtained 11
days after immunization as previously described (4).
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Preparationof Antisera. Hyperimmune antiserum to EL4
was prepared by immunizing BALB/c mice with 6 weekly
or biweekly i.p. injections of 3 x IO7EL4 cells. Hyperim
mune antiserum to normal C57BL/6.I tissue was prepared
in a similar fashion, with C57BL/6J spleen cells. Animals
were exsanguinated from the retroorbital sinus, and sera
were separated following storage of the whole blood at 37Â°
for 1 hr and then at 4Â°for 24 hr. The sera were then heated
to 56Â°for 30 min and stored at '15Â°.

Titration of Antisera. BALB/c anti-EL4 and anti-
C57BL/6J sera were tested for tumor agglutination titers as
previously described (15) and for cytotoxicity titers follow
ing a 2-stage protocol (7). In the latter assay, the comple
ment source was lyophilized guinea pig serum (Microbio
logical Associates, Bethesda, Md.) absorbed with
C57BL/6J spleen cells and EL4 cells according to the
procedure described by Boyse et al. (6). Tumor agglutina
tion titers for both sera ranged from 1/64 to 1/128, while
the C'T were 1/1024 for anti-EL4 and 1/64 for anti-

C57BL/6J sera.
Absorption of Antisera. Aliquots of BALB/c anti-EL4

and anti-C57BL/6J sera were absorbed 9 and 5 times,
respectively, with a mixture of washed C57BL/6J liver,
spleen, and blood cells at a serum to packed cell volume
ratio of 2/1. Absorptions were carried out at 25Â°for 30 min

with shaking; 4 to 5 absorptions removed all detectable
EL4-agglutinating antibodies from both sera. Three absorp
tions were sufficient to remove cytotoxic activity from
anti-C57BL/6J serum, whereas 9 absorptions were required
to eliminate anti-EL4 activity.

Assay of Lymphocyte-mediated Cytolysis. In vitro cyto
toxicity against EL4 was determined, as already described
(4), by incubating EL4-51Cr-labeled cells with PEL in

PBS/FCS (Grand Island Biological Company, Grand Is
land, N. Y.) and measuring the amount of radioactivity
released. Results are expressed either as the number of
EL4-51Cr cells lysed or as the percentage of 51Cr released.
Values given in the charts indicate the mean and range of
duplicate or triplicate cultures; background values are also
shown.

Antisenim Blocking of Lymphocyte-mediated Cytolysis.
To test the effect of anti-EL4 and anti-C57BL/6J sera on
lymphocyte-mediated cytolysis, the in vitro killing assay
was modified to include a 30-min 25Â°preincubation of

EL4-51Cr, Na2CrCvs'Cr-labeled EL4 tumor cells; PBS/FCS, Dulbecco's
phosphate-buffered saline supplemented with 10% heat-inactivated fetal
calf serum; PLL, poly-L-lysine; PBS/EDTA, PBS/FCS containing 5 mm
EDTA, pH 7.2.

DECEMBER 1973 3203

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390119/cr0330123203.pdf by guest on 19 M

ay 2023



R. F. Todd. Ill, R. D. Slutting, and G. Berke

EL4-51Cr with antiserum. The appropriate number of PEL
in PBS/FCS were then added, so that a diluted but known
concentration of antiserum in the resultant lymphocyte-tar
get cell mixture was maintained.

For kinetic analysis of the inhibitory effect of immune
serum (1/20 dilution) on the cytolytic reaction, "stop-rock
temperature jump" experiments (3, 5) were performed.
Cultures containing PEL and EL4-51Cr were rocked (5
cycles/min) on a rocker platform or kept stationary at 25Â°
and then warmed to 37Â°under stationary conditions; at

varying time intervals thereafter, chromium release was
assayed.

Immunoabsorption of PEL by l'I I -fixed EL4
Monolayers. The technique for immunoabsorption of cyto-
toxic lymphocytes by EL4 monolayers has been previously
described (19). Briefly, the EL4 monolayers were estab
lished on PLL-treated polystyrene tissue culture plates, and
PEL (1.0 x IO6cells/plate) were added to the monolayers in
0.5 ml PBS/FCS. After incubation for 40 min at 37Â°,

nonadherent PEL were removed by PBS/FCS wash and
discarded. PBS/EDTA was then added and the plates were
rocked (5 cycles/min) for 10 min to recover PEL that were
adherent to the monolayers. Adherent cells were then
washed once in PBS/FCS and their cytolytic reactivity
against EL4-51Cr was determined as described above. High
cytolytic reactivity of the adherent cell population is used as
an indication of the binding of cytotoxic PEL to EL4
monolayers, since the extent of cytolysis depends upon the
number of adherent cytotoxic PEL recovered (2).

RESULTS

Analysis of Antigens Involved in the Cytolysis of ( r-
labeled EL4 Cells by PEL. Chart 1 shows that BALB/c
anti-EL4 or anti-C57BL/6J sera can inhibit the in vitro kill
ing of 5lCr-labeled EL4 cells by BALB/c anti-EL4 PEL and
that the level of inhibition is dependent upon the concentra
tion of antiserum over a wide range. Furthermore, the inhib
itory capacity of the anti-C57BL/6J and anti-EL4 sera cor
relates well with the cytotoxicity titers of the 2 antisera. The
inhibition of cytolysis by anti-C57BL/6J serum (Chart 1)
suggests that transplantation antigens on EL4 cells are
involved in the cytolytic reaction.

To determine whether antigens specific to the tumor
might also be involved, anti-EL4 serum absorbed with
normal C57BL/6J tissue was tested for blocking activity. It
was found that absorption completely eliminated the inhibi
tory capacity of anti-EL4 serum, suggesting that lym
phocyte-mediated cytolysis of EL4 is directed against
antigens common to EL4 and normal C57BL/6J tissue.
Similar results were obtained when sensitized BALB/c
spleen cells rather than PEL were used.

In order to examine the possibility that hyperimmune
serum might be producing its effect on the cytotoxic
lymphoid population, PEL were preincubated with unab-
sorbed anti-EL4 serum and, after 1 wash at 4Â°,allowed to
interact with EL4-MCr. This pretreatment had no effect on
the cytotoxic capacity of the PEL. However, there remained
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Chart I. Inhibition of lymphocyte-mediated cytolysis by antiserum.
Groups of cultures containing 5.0 x IO4 EL4-5'Cr were pretreated for 30
min at 25Â° with antiserum diluted as indicated. PEL (2.0 x 10s) in

PBS/FCS were added to the pretreatment suspensions, thereby diluting the
antiserum concentration in the reaction mixtures to 1/10 the indicated
antiserum dilutions, and s'Cr release was determined after 60 min at 37Â°.
9, BALB/c anti-C57BL/6J serum (C'T, 1/64); A, BALB/c anti-EL4 se
rum (C'T, 1/1024); A, the above BALB/c anti-EL4 serum prediluled

1/16. Values are means Â±ranges of triplicate determinations; background
release was 6%.

the possibility that cell-free target antigen might bind to
PEL, making them susceptible to clumping by anti-target
cell serum and therefore unavailable for killing. To evaluate
this possibility, PEL were labeled with 51Crand mixed with
EL4 cells. BALB/c anti-EL4 serum was then added to the
mixture and, after a period of incubation, complement was
introduced. Lysis of PEL was not seen, suggesting that
passive binding of cell-free target antigen and anti-EL4
antibody to cytotoxic lymphocytes is not a factor that
contributes to the blocking effect (20).

Mechanism of Antiserum Blocking of Lymphocyte-
mediated Cytolysis. For an understandingof the mechanism
of antiserum blocking, the stage(s) of the cytolytic reaction
at which blocking antiserum exerts its inhibitory effect must
be defined. In stop-rock temperature jump experiments (3,
5), we have previously shown that the lymphocyte-mediated
cytolytic reaction can be divided into distinct phases (2, 3, 5,
19). The initial binding phase is relatively independent of
temperature in the range of 25-37Â°but is highly dependent

on the opportunity for interaction between lymphocytes and
target cells provided by rocking of the cultures or by an
increase in cell concentrations. Evidence that binding occurs
under these conditions comes from direct microscopic
observation of mixtures of PEL and EL4 incubated at 25Â°
or 37Â°.A substantial immunologically specific increase in
the number of lymphocyte-target cell conjugates is seen in
rocked versus stationary cultures. Furthermore, lympho
cytes with a high cytotoxic potential do in fact bind to
polylysine-fixed EL4 monolayers over the temperature
range of 25-37Â° (19). In contrast, the lytic 5lCr-release

phase does not rely on further rocking but is temperature
dependent with little5'Cr release occurring at 25Â°compared
with that at 37Â°.
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Cultures containing mixtures of PEL and EL4-s'Cr were
rocked at 25Â°with anti-EL4 serum added at 0, 20, or 40

min, then were transferred at 40 min to stationary condi
tions at 37Â°and assayed for 51Crrelease (Chart 2). The level
of inhibition of 51Crrelease was related to the length of time
that the cells were exposed to antiserum during the 25Â°

incubation period. Additional experiments were carried out
to compare stationary conditions, which are unfavorable for
lymphocyte-target cell interaction (3), with the presence of
blocking antiserum. It was found that the presence of
antiserum during the 25Â°binding phase had an effect

quantitatively similar to keeping the cultures stationary at
25Â°(Ref. 20; see also Chart 3, Groups 2 and 3). The results

of these kinetic studies strongly suggest that blocking
antiserum can inhibit the binding phase of the cytolytic
reaction.

The influence of anti-EL4 serum upon the initial binding
of PEL to EL4 cells was also investigated by measuring the
effect of antiserum upon the specific immunoabsorption of
PEL by EL4 monolayers (19). PEL were incubated on EL4
monolayers in the presence or absence of anti-EL4 serum.
Adherent cells were recovered and tested for cytolytic
reactivity against EL4-51Cr (Table 1). The cytolytic reactiv

ity of the adherent cell population was significantly de
creased when anti-EL4 serum was present during absorp
tion. Since the extent of cytolysis by the adherent cell
population depends on the number of effector PEL present
(2), this indicates that anti-EL4 serum can inhibit lym
phocyte-target cell binding.

To determine whether blocking antiserum could displace
bound lymphocytes from target cells during the initial 25Â°
binding phase, 4 groups of cultures were incubated at 25Â°

for 40 min. Group 1 was rocked continuously; Group 2 was
rocked with antiserum added at 20 min; Group 3 was rocked
for 20 min and held stationary for 20 min with antiserum
added at 40 min; Group 4 was kept stationary for 40 min. At

id i-

A'b

40
" * MINUTES

Ab Ab

100

Chart 2. Kinetic analysis of antiserum-mediated inhibition of cytolysis.
Mixtures of 2.0 x 10Â»EL4-slCr and 2.0 x IO5PEL were rocked for 40 min
at 25Â°[R(25)] and then transferred (1) to stationary conditions at 37Â°

[5(57)]. The symbols on the abscissa (Ab) indicate the time at which
antiserum was introduced to cell mixtures (J). No antiserum was added to
control cultures (x).

Table I
Inhibition of PEL-EL4 binding by anli-EL4 serum

PEL were incubated on EL4 monolayers in the presence of serum, and
the cytolytic reactivity of the adherent PEL was measured.

Serum" Dilution Cytolysis (%)

FetalcalfNormal
BALB/cBALB/c
anti-EL4BALB/c
anti-EL4BALB/c
anti-EL4BALB/c
anti-EL4BALB/c

anti-EL41/101/41/21/41/161/641/12858

Â±2"53
Â±114
Â±323
Â±133
Â±143
Â±148
Â±3

'Sera were diluted to the indicated final concentrations with Oui
becco's phosphate-buffered saline. Under the conditions of these experi
ments, the cytotoxicity titer of anti-EL4 serum for EL4 cells forming
monolayers was 1/128, while concentrations of 1/16 or greater were re
quired to inhibit lysis of EL4-5'Cr monolayers by PEL.

6Mean Â±range of triplicate determinations. Background chromium
release was 3%.

40 min, all groups were warmed to 37Â°under stationary

conditions. Chart 3 shows that the addition of blocking
antiserum (Group 2) did not suppress cytolysis relative to
stationary conditions (Group 3) after the binding reaction
had been initiated, suggesting that blocking antiserum does
not cause the displacement of bound lymphocytes from
target cells at 25Â°.

Further examination of Chart 2 and previously reported
data (3) shows that, when antiserum is present only during
the 37Â°lytic phase, a moderate level of inhibition of 51Cr

release is observed. To determine whether displacement of
bound lymphocytes from target cells by blocking antiserum
occurring during the 37Â°lytic phase was responsible for this
suppression" of cytolysis, anti-EL4 serum was tested for its
ability to elute PEL from EL4 monolayers at 37Â°.PEL were

incubated on EL4 monolayers for 40 min; nonadherent cells
were removed by PBS/FCS wash and discarded. For a 2nd
wash, anti-EL4 serum, PBS/EDTA, or PBS/FCS was then
added, the plates were incubated for 40 min at 37Â°,and the

medium was removed. Adherent PEL recovered in the 2nd
wash were resuspended in PBS/FCS and tested for cytolytic
reactivity (Table 2). As can be seen, partial elution of
previously adsorbed cytotoxic PEL was brought about by
anti-EL4 serum, showing that' blocking antiserum can
displace bound lymphocytes from target cells at 37Â°.

It has been reported that the level of antiserum blocking
changes during the time course of antiserum exposure, and
it has been proposed that antigenic modulation (17) on the
target cell plays a role in antiserum blocking of lymphocyte-
mediated cytolysis (9). To evaluate the possibility that
antiserum blocking changes as a function of time, 3 groups
of EL4-51Cr cultures were incubated for 60 min at 25Â°under

stationary conditions prior to the addition of PEL to the
cultures. During this period, anti-EL4 serum was added to
the 3 groups at 0, 30, or 60 min. At 60 min, all cultures were
warmed to 37Â°,and 51Cr release was assayed after an

additional 60 min of rocking. As can be seen (Chart 4), the
length of time that EL4-51Cr were exposed to antiserum had

no effect on subsequent cytolysis by PEL, indicating that the
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Chart 3. Dynamics of antiserum effects at 25Â°.Groups of l-ml cultures
containing 2.0 x 10s PEL and an equal number of EL4-51Cr were
incubated for 40 min at 25Â°(2Ã•)with or without rocking; thereafter, all
groups were warmed to 37Â°(37) under stationary conditions. Antiserum

was added at the times indicated on the abscissa (Ab, O, A). Control
groups were incubated without serum (â€¢,â€¢¿�).Background release is also
shown (D).

level of antiserum blocking is constant under the conditions
of these experiments.

DISCUSSION

The experiments reported in this paper provide direct
evidence that blocking of lymphocyte-mediated cytolysis by
antiserum can be attributed to interference with cytotoxic
lymphocyte-target cell binding. A critical analysis of the
effect of blocking antiserum on lymphocyte-mediated cytol
ysis has now been made possible by the observation that
lymphocyte-target cell binding can occur at 25Â°and is
highly dependent upon the frequency of lymphocyte-target
cell contacts, whereas the lytic 51Cr-release phase occurs at
37Â°and is independent of additional lymphocyte-target cell
collisions (3, 5). Therefore, we have used a "stop-rock
temperature jump" (3, 5) approach in which cultures of

cytotoxic lymphocytes and target cells are first incubated at
25Â°with rocking, thus allowing the binding phase to occur,
and are then warmed to 37Â°under stationary conditions to
permit the lytic 51Cr release phase to take place. It has also
been possible to examine directly the effect of blocking
antiserum upon the initial lymphocyte-target cell binding
phase independently of the lytic phase by following the

specific absorption of cytotoxic lymphocytes by polylysine-
fixed target cell monolayers (19).

These 2 experimental approaches have yielded direct
evidence supporting previous suggestions that blocking
antiserum inhibits the binding phase of lymphocyte-
mediated cytolysis in vitro (8, 12, 13, 15, 16). First, it is clear
that the extent of inhibition of cytolysis is directly related to
the duration of antiserum exposure during the 25Â°binding

phase, with virtually complete inhibition of cytolysis occur
ring when antiserum is present from the onset of lym
phocyte-target cell interaction. Second, antiserum can in
hibit the binding of cytotoxic lymphocytes to polylysine-
fixed target cell monolayers.

Table 2
Elation of PEL from EL4 monolayers by anii-EL4 serum

Wash solution (0.6 ml) was added to monolayers after removal of non-
adherent cells. After 30 min at 37Â°under stationary conditions, followed
by a 10-min rock period, the eluted lymphocytes were collected and
assayed for cytotoxic activity.

WashsolutionPBS

/PCSPBS/EDTA
(5mM)Normal

BALB/cserumBALB/c
anti-EL4serumBALB/c
anti-EL4serumBALB/c
anti-EL4 serumDilution1/2"1/21/161/128Cytolysis

(%)14

Â±1Â°47
Â±716
Â±128
Â±829
Â±321
Â±2

" Mean Â±range of triplicate determinations. Background chromium re
lease was 7%.

*Sera were diluted to the indicated concentrations with Dulbecco's
phosphate-buffered saline.

3 -

a 2

10 20 30 40
MINUTES

90 60

Chart 4. Time course of blocking. Groups of 0.5-ml cultures containing
2.0 x 10s EL4-5lCr were incubated for 60 min at 25Â°.Five-tenths ml
BALB/c anti-EL4 (1/10) (O) or BALB/c normal serum (1/10) (â€¢)was
added at 0, 30, or 60 min. At 60 min, 2.0 x 10s PEL in 50 ^1 were added,
and all groups were warmed to 37Â°and assayed for 5lCr release after an

additional 60 min of rocking. Time on the abscissa indicates the duration of
serum exposure prior to the addition of PEL to the cultures. Background
EL4-"Cr-lysis was 0.7 X IO1cells.
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It might be argued that blocking antiserum exerts an
inhibitory effect not solely by masking the antigenic sites on
the target cells but, rather, by combining with cell-free
target cell antigen bound to the surface of the cytotoxic
lymphocytes. Such antigen-antibody complexes might pre
vent lymphocyte-target cell binding either directly by cover
ing the lymphocyte receptors or indirectly by agglutinating
the lymphocytes. Experiments designed to detect target cell
antigen and anti-target cell antibody on the surface of
cytotoxic lymphocytes have given no indication that such an
alternative blocking mechanism plays a role in this in vitro
system (20).

While it is evident that antiserum interferes with the
binding of cytotoxic lymphocytes to target cells, the effect of
antiserum upon the 5ICr-release phase is not fully under
stood. If antiserum is present only during the 37Â°lytic
phase, a moderate level of inhibition of 5lCr release is still

apparent. Moreover, previous experiments have demon
strated that the blocking effect of antiserum upon the 37Â°

lytic phase is quantitatively greater than that produced by a
cessation of rocking (3). The apparent inhibition of the 37Â°

lytic phase can be interpreted in at least 3 ways. First, it is
possible that at 37Â°antiserum can displace bound lympho

cytes from target cells prior to irreversible target cell
damage. Second, relatively infrequent lymphocyte-target
cell interactions can occur under stationary conditions, and
the addition of antiserum at the onset of the 37Â°lytic phase

may effectively prevent these further interactions. Third,
antiserum may in some way prevent the release of 51Crfrom
damaged target cells, perhaps by stabilizing the cellular
membrane. The elution of bound effector lymphocytes from
target cell monolayers by blocking antiserum is in accord
with the first of these hypotheses.

It has recently been reported that antiserum blocking of
lymphocyte-mediated cytotoxicity is not static but changes
during the course of assay. This observation has been
attributed to antigenic modulation occurring on the target
cell (8). Experiments performed to evaluate the level of
blocking as a function of time of exposure to antiserum
prior to interaction with cytotoxic lymphocytes clearly show
that blocking activity is constant during the course of our
experiments.

Previous investigations have shown that the effect of
anti-target serum on lymphocyte-mediated cytolysis in vitro
is highly dependent upon several experimental parameters.
Skurzak et al. (18) have reported that serum from tumor-
bearing hosts either produces blocking or acts synergisti-
cally with immune lymph node cells, depending upon the
concentration of antiserum used to pretreat the target cells.
Other investigators (10, 14) have demonstrated that lym
phocyte-mediated cytolysis can be influenced in opposite
directions, depending on whether the lymphoid population
received prior in vivo sensitization and on the time after
sensitization that their cytolytic capacity was tested. It has
therefore been proposed that "blocking antiserum" exerts
its blocking effect on lymphocyte-mediated cytolysis pro
duced by T-cells and that it has the opposite effect on target
cell lysis associated with B-cells. These findings do not

Serum Blocking of Lymphocyte-mediated Cytolysis

conflict with the mechanism of T-cell blocking4 supported

by our analysis.
This investigation provides firm in vitro evidence for an

efferent blocking mechanism in which cytotoxic lympho
cytes and blocking antibody compete for the same antigenic
sites on the target cell. However, it is not clear to what
extent this mechanism is operative in the more complex in
vivo situation. Depending upon parameters such as anti
genic load and the level of reactivity of the cellular and
humoral immune systems, it is speculated that antigen,
antibody, or antigen-antibody complexes may function as
blocking factors interacting with membrane sites on cyto
toxic lymphocytes as well as on target cells (1, 11). Under
conditions of relative antibody excess, it is quite conceivable
that the efferent blocking mechanism supported by the
results of this investigation in vitro also occurs in vivo.

ACKNOWLEDGMENTS

We are grateful to Dr. Bernard Amos for his critical review of the
manuscript. In addition, we acknowledge the skilled technical assistance of
Larry Scuriccie.

REFERENCES

1. Baldwin, R. W., Price, M. R., and Robins, R. A. Blocking of
Lymphocyte-Mediated Cytotoxicity for Rat Hepatoma Cells by
Tumor-Specific Antigen-Antibody Complexes. Nature New Biol.,
238: 185-187, 1972.

2. Berke, G., and Amos, D. B. Mechanism of Lymphocyte-Mediated
Cytolysis. The LMC Cycle and Its Role in Transplantation Immunity.
Transplant. Rev., in press.

3. Berke. G., and Sullivan, K. A. Temperature Control of Lymphocyte-
Mediated Cytotoxicity in Vitro. Transplant. Proc.,5:42l 423, 1973.

4. Berke, G., Sullivan, K. A., and Amos B. Rejection of Ascites Tumor
Allografts. I. Isolation, Characterization, and in Vilro Reactivity of
Peritoneal Lymphoid Effector Cells from BALB/c Mice Immune to
EL4 Leukosis. J. Exptl. Med., 135: 1334 1350, 1972.

5. Berke, G., Sullivan, K. A., and Amos, B. Rejection of Ascites Tumor
Allografts. II. A Pathway for Cell-Mediated Tumor Destruction in
Vilro by Peritoneal ExÃºdate Lymphoid Cells. J. Exptl. Med., 136:
1594-1604, 1972.

6. Boyse, E. A., Hubbard, L., Stockert, E., and Lamm, M. E. Improved
Complementation in the Cytotoxic Test. Transplantation, 10:
446-449, 1970.

7. Boyse, E. A., Itakura, K., Stockert, E., Iritani, C. A., and Miura, M.
Ly-C: A Third Locus Specifiying Alloantigens Expressed Only on
Thymocytes and Lymphocytes. Transplantation, //: 351 353, 1971.

8. Brunner, K. T., Mauel, J., Cerottini, J.-C, and Chapuis, B. Quantita
tive Assay of the Lytic Action of Immune Lymphoid Cells on
51Cr-labeledAllogenic Target Cells in Vitro: Inhibition by Isoantibody

and by Drugs. Immunology, 14: 181 196, 1968.

' The small- to medium-sized effector PEL in our system are 0-positive,
and the addition of anti-0-C3H serum (produced in A/SAKR x AKR/
H-2" F, mice against A-strain leukemia and kindly supplied by Dr.
E. A. Boyse, Sloan-Kettering Institute, New York) and complement is
accompanied by complete (100%) loss of effector cell function (K. A.
Sullivan, G. Berke, and D. B. Amos. Seriological Characterization of
Lymphocytes Involved in Ascites Allegrati Rejection, manuscript sub
mitted to Transplantation).

DECEMBER 1973 3207

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390119/cr0330123203.pdf by guest on 19 M

ay 2023



R. F. Todd, III, R. D. Stulting, and G. Berke

9. Faunes, R. B., Choi, Y. S., and Good, R. A. Escape from Isoantiserum
Inhibition of Lymphocyte-Mediated Cytotoxicity. J. Exptl. Med., 137:
171 182, 1973.

10. Forman, J., and Britton, S. Heterogeneity of the Effector Cells in the
Cytotoxic Reaction against Allogeneic Lymphoma Cells. J. Exptl.
Med.. 137: 369-386, 1973.

11. HellstrÃ¶m,K. E., and HellstrÃ¶m,I. Lymphocyte Mediated Cytotoxic
ity and Blocking Serum Activity to Tumor Antigens. Advan. 1m-
munol., in press.

12. HellstrÃ¶m,L, HellstrÃ¶m,K. E., Evans, C. A. Heppner, G. H.. Pierce,
G. E., and Yang, J. P. S. Serum-Mediated Protection of Neoplastic
Cells from Inhibition by Lymphocytes Immune to Their Specific
Tumor Antigens. Proc. Nati. Acad. Sei. U. S., 62: 362-368, 1969.

13. HellstrÃ¶m, L, SjÃ¶gren,H. O., Warner, G., and HellstrÃ¶m,K. E.
Blocking of Cell-Mediated Tumor Immunity by Sera from Patients
with Growing Neoplasms. Intern. J. Cancer, 7: 226-237, 1971.

14. Kiessling, R., and Klein, E. Cytotoxic Potential of Mouse Spleen Cells
on H-2 Antibody-Treated Target Cells. J. Exptl. Med., 137: 527-532,
1973.

15. Mauel, J., Rudolf, H., Chapuis, B., and Brunner, K. T. Studies of

Allograft Immunity in Mice. II. Mechanism of Target Cell Inactiva-
tion in Vilro by Sensitized Lymphocytes. Immunology, 18: 517-535,
1970.

16. MÃ¶ller,E. Antagonistic Effects of Humoral Isoantibodies on the in
Vilro Cytotoxicity of Immune Lymphoid Cells. J. Exptl. Med., 122:
II 23, 1965.

17. Old, L. J., Stocken, E., Boyse, E. A., and Kim, J. H. Antigenic
Modulation Loss of TL Antigen from Cells Exposed to TL Antibody.
Study of the Phenomena in Vilro. J. Exptl. Med., 127: 523-539, 1968.

18. Skurzak, H. M.. Klein, E., Yoshida, T. O., and Lamon, E. W.
Synergistic or Antagonistic Effect of Different Antibody Concentra
tions on in Vitro Lymphocyte Cytotoxicity in the Moloney Sarcoma
Virus System. J. Exptl. Med., 135: 997-1002, 1972.

19. Stulting, R. D., and Berke, G. Nature of Lymphocyte-Tumor Interac
tion. A General Method for Cellular Immunoabsorption. J. Exptl.
Med., 137: 932-942, 1973.

20. Todd, R. F., Stulting, R. D., and Berke. G. Mechanism of Inhibition
of Lymphocyte-Mediated Cytolysis by Blocking Antiserum. In: K.
Lindahl-Kiessling (ed.). Proceedings of the Eighth Leucocyte Culture
Conference. New York: Academic Press. Inc.. in press.

3208 CANCER RESEARCH VOL. 33

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390119/cr0330123203.pdf by guest on 19 M

ay 2023




