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Summary. Intravenous administration of Corynebacte- 
rium parvum (C. parvum) to mice during a primary im- 
mune response against tumor alloantigens impairs their 
ability to generate memory cell-mediated cytotoxieity 
(CMC) in response to an intraperitoneal rechallenge with 
the same tumor alloantigens. Decreased CMC was ob- 
served in spleen and mesenterie lymph nodes, whereas 
CMC of lymphoid populations from the peritoneal cavity 
was merely delayed, reaching comparable levels to those 

found in control animals by day 5. Serum levels of cy- 
totoxic antibody were unaffected, indicating that C. par- 
vum administered during a primary immune response has 
selective effects on the cytotoxie memory response. 

Introduetion 

Administration of C. parvum to mice can cause pro- 
nounced changes in their T and B cell functions. Antibody 
responses to T-dependent and T-independent antigens are 
often enhanced [4, 5, 15] whereas T cell-mediated im- 
munity is frequently decreased [1, 2, 9-14]. Adminis- 
tration of C. parvum to mice also increases resistance to 
syngeneic tumor inocula [8, 14, 16]. Pretreatment with C. 
parvum can inhibit sensitization to picryl chloride [1], 
generation of cell-mediated immunity to tumor alloan- 
tigens [2], and the expression of delayed-type hypersensi- 
tivity to sheep red blood cells [11, 13]. Furthermore, 
spleen cells from mice treated with C. parvum have de- 
creased responses to polyclonal T cell mitogens [ 14] and 
tumor alloantigens in vitro [9]. 

We have reported previously that systemic admin- 
istration of C.parvum following SC immunization with tu- 
mor alloantigens resulted in an impaired expression of 
primary cell-mediated cytotoxicity in the spleen [10]. 
Spleen cells from these mice have, in addition, markedly 
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reduced ability to generate memory cytotoxicity when 
cultured in vitro with the same alloantigens [9]. 

This investigation was undertaken to determine 
whether IV administration of C.parvum during a primary 
response to a tumor alloantigen affects the in vivo de- 
velopment of a cellular cytotoxic response upon rechal- 
lenge. 

Materials and Methods 

Animals 

Male C57BL/6 mice (Strong, San Diego, CA) were used in most 
experiments. For some experiments, male BALB/c mice (Jackson, 
Laboratory, Bar Harbor, ME) were used. Mice were obtained at 
6 - 8  weeks of age and rested for at least 1 week before the initiation of 
an experiment. 

Immunization 

The P815 mastocytoma was maintained in ascites form by weekly 
passage in DBA/2 mice, the strain of origin (Microbiological As- 
sociates, Walkersville, MD). C 57BL/6 mice were alloimmunized by a 
single SC injection of 2 x 107 P815 in the right flank. BALB/c mice 
were similarly immunized with EL-4 leukemia (of C57BL/6 origin). 
The mice were divided into two groups. In one group each mouse 
received an IV injection of 700 ~g C. parvum (lot 102-V, Burroughs 
Wellcome, Research Triangle Park, NC) 9 days after primary im- 
munization. The other group served as immune control. Both groups 
were rechallenged IP with 2 × 107 cells of the tumor used for primary 
sensitization 14 days after primary immunization (5 days after C. 
parvum). Mice were sacrificed for collection of sera and for assay of 
CMC at various times after rechallenge. 

Assay of CMC 

Mice were sacrificed by cervical dislocation. Peritoneal ceils were 
obtained by lavaging the peritoneal cavity with 10 ml cold minimal es- 
sential medium (MEM, Microbiological Associates) containing 5 IU 
heparin/ml. The spleen, mesenteric lymph nodes, and thymus were 
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removed aseptically, and single cell suspensions prepared by expres- 
sion of the organ through a stainless steel mesh. Cytotoxic activity was 
measured, the immunizing cell being used as the target cell in a 
51Cr-release assay, as described by Brunner et al. [3]. Mixtures of 
effector cells and target cells at several ratios were incubated for 4 h at 
37 ° C before centrifugation. One-half of the supernatant was removed 
and both samples were counted. Specific release was calculated ac- 
cording to the following formula: 

% specific release = 

% release exptl, group -- % background release 
x 100. 

% maximal release 

Table 1. Cytotoxic activity on day of rechallenge 

Effector cell C.parvum b % Specific % Inhibition 
source a release r 

i_+SD 

Spleen -- 15.7 _+ 3.3 -- 
Spleen + 7.1 _+ 1.8 56* 
Lymph nodes - 7.9 _+ 0.8 - 
Lymph nodes + 6.7 _+ 0.1 15 
Peritoneal cavity - 34.9 _+ 5.4 -- 
Peritoneal cavity + 21.6 + 3.6 38* 

Maximal release was determined by addition of HC1 to a final concen- 
tration of approximately 1 M and resulted in the release of 80%--90% 
of total incorporated counts. Medium alone was used to determine 
background release, which was between 7% and 15% of total in- 
corporated counts. Addition of cells from naive mice or from mice re- 
ceiving C.parvum without aUoimmunization did not result in release of 
counts above that of medium alone. The results were fitted by linear re- 
gression to a plot of log (effector cell number : target cell number) 
versus percentage specific release. One lytic unit was defined as the 
number of effector cells required to cause a specific release of 25% of 
the 51Cr incorporated by the target cells. 

Assay of Cytotoxie Antibody Activity 

"All mice were immunized with P815 SC 14 days before assay 
b Mice receiving C. parvum were injected IV with 700 vg 9 days after 
immunization with P815 (5 days before assay) 

E:T = 100: I for spleen cells; 20:1 for lymph node cells; 50:1 for 
peritoneal cells 
* Significantly different from control (P < 0.05) 

poo led  mesente r ic  l y m p h  nodes  at the t ime o f  rechal lenge  

are shown in Table  1. The  IP  chal lenge was  given at a t ime 

when  cy to tox ic  ac t iv i ty  in a l lo immune  cont ro ls  was  

rapidly  decreas ing,  while in C. parvum-treated mice  the 

act ivi ty  was  hard ly  detectable.  

Mice were bled from the jugular vein. The blood was kept at room tem- 
perature for 30 min and overnight at 4°C before centrifugation to 
separate the serum from the clot. Sera were decomplemented by 
heating to 56 ° C for 30 rain. 51Cr-labeled target cells (0.I ml; 106/ml) 
were added to 0.1 ml serial two-fold dilutions of serum and incubated at 
37 ° for 30 min. Normal rabbit serum (0.1 ml) was added as a source of 
complement, and the incubation was continued for a further 30 min. 
Two millifiters of MEM was added, the samples were centrifuged, and 
the percentage release was determined. The titer of a serum was defined 
as the reciprocal of the highest dilution resulting in a release of more 
than 10% above complement control. 

Antithymoeyte Serum Treatment of Peritoneal Exudate Cells 

T cells were removed from peritoneal exudate cell (PEC) populations 
by incubation of 107 cells/ml in a i : 45 dilution of absorbed rabbit anti- 
mouse thymocyte serum (Microbiological Associates) for 30 rain at 
4 ° C. The cells were centrifuged and incubated at the same concentra- 
tion in a 1 : 15 dilution of agarose-absorbed guinea-pig complement for 
30 rain at 37 ° C. This procedure killed 45%-60% of PEC, 100% of 
thymocytes, less than 10% of bone marrow cells, and approximately 
50% of spleen cells. The spleen cell cytotoxicity to allogeneic target 
cells was abrogated as the proliferative response to the T-cell mitogen, 
phytohemagglutinin. 

Results 

G r o u p s  o f  C57B1/6 mice  i m m u n i z e d  SC with P815  with 

or  wi thou t  subsequen t  IV adminis t ra t ion  o f  C. parvum 
were  recha l lenged  IP  with 2 x 107 P815  t u m o r  cells 

14 days  after p r ima ry  al loi rnmunizat ion.  The  levels o f  

cy to tox ic i ty  act ivi ty  (residual  C M C  f rom the  p r ima ry  

immuniza t ion )  found  in spleen, per i tonea l  cells, and 

Memory CMC Response 

Fol lowing  IP  rechal lenge  the appea rance  o f  cy to tox ic  

l y m p h o c y t e s  was  measu red  in spleen, l y m p h  nodes ,  and 

per i toneal  cavity.  W e  reasoned  tha t  such  an a p p r o a c h  

would  al low us to measu re  the appea rance  and distri- 

bu t ion  o f  cy to tox ic  l y m p h o c y t e s  in the whole  animal ,  

avoid ing  dis tor t ions  tha t  migh t  develop f rom examin ing  a 

single l y m p h o i d  organ.  As  shown in Fig. 1, m e m o r y  cyto-  

toxic i ty  in spleen was  min imal  on day  2 and peaked  on 

day  7, declining s lowly thereafter .  By  contras t ,  spleen 

cells f r o m  C. parvum-treated animals  exhibi ted a marked -  

ly decreased  cy to tox ic  act ivi ty  at all t ime points  tested, 

rul ing ou t  a depress ion o f  C M C  caused  solely by  an 

a l tera t ion in the kinetics o f  response.  D e c r e a s e d  C M C  

was  obse rved  at all e f fec tor - to- target  cell ra t ios  (E : T) 

tested,  and when  c o m p a r e d  at  the peak  o f  the response  

revea led  a m o r e  than  ten-fold decrease  in lytic units. 

Kinet ics  o f  genera t ion  o f  m e m o r y  cy to tox ic i ty  in l y m p h  

nodes  was  similar  to tha t  o f  spleen, the  l y m p h o c y t e s  

ob ta ined  f r o m  C. parvum-treated a l lo immunized  mice  

showing  signif icantly decreased  cy to tox ic  capaci ty .  A s  

with spleen cells, depressed cyto ly t ic  act ivi ty  was  ob- 

served at all E : T ra t ios  tested (100 : 1--4 : 1) (Table  2). 

The  impa i red  abili ty o f  C. parvum-treated a l lo immu-  

n ized  mice  to genera te  measurab le  C M C  in spleen and 

l y m p h  nodes  fol lowing an IP  recha l lenge  persists  for at 

least  1 m o n t h  fol lowing C. parvum in ject ion (Fig. 2). As  

shown,  recha l lenge  35 days  after C. parvum inocula t ion  
(44 days  after p r ima ry  immuniza t ion)  still resul ted in de- 
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Fig. 1. Kinetics o f  development o f  memory spleen cell cytotoxic i ty 
following IP rechallenge with 2 x 107 P815 cells. All mice were 
immunized by SC injection of 2 x 107 P815. Those receiving C. 
parvum were injected IV with 700 ~g 9 days after alloimmunization. 
All mice were rechallenged 14 days after primary immunization. (x), 
alloimmune controls; (0), C. parvum-treated alloimmune mice. Values 
shown are means _+ 1 SD; E : T  = 1 0 0 : i  
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Fig. 2. Persistence of decreased reactivity as a result of  C. parvum 
inoculation. C 57B1/6 mice were alloimmunized by S C injection of 2 x 
107 P815. Half  were injected IV with 700 ~g C. parvum 9 days later. 
All mice were rechallenged IP with 2 x 107 P815 44 days after primary 
immunization and sacrificed for assay 5 days after rechallenge. Values 
shown are means  + 1 SD 

Table 2. Kinetics of memory cell-mediated cytotoxic response in lymph nodes 

Spleen cell source % Specific release ( i  ± SD; E :T  = 20: 1) 
Days  after chaUenge e 

2 6 7 16 

Alloimmune a 9.2 ± 3.2 17.4 ± 3.3 21.2 _ 3.2 12.6 ± 1.5 

Alloimmune + CP b 3.2 ± 0.7* - 0.2 + 3.2* - 1.7 + 2.0** 6.5 ± 0.4* 

a C57BL/6 mice aUoimmunized SC with P815 14 days before challenge 
b C57BL/6 mice alloimmunized SC with P815 14 days before challenge and injected IV with C.parvum 5 days be- 
fore challenge 
c Intraperitoneal inoculation of 2 x 107 P815 
* Significantly different from controls (P < 0.05) 
** Significantly different from controls (P < 0.01) 

Table 3. Kinetics of memory cell-mediated cytotoxic response in peritoneal cavity 

Peritoneal cell source % Specific release ( i  ± SD; E :T  = 50:1) 
Days  after challenge c 

2 5 7 9 16 

Alloimmune a 25.5 + 1.7 56.7 ± 9.8 66.9 ± 7.9 58.8 + 1.6 36.2 _+ 2.0 

Alloimmune + CP b 3.8 + 0.7* 56.6 + 1.5 53.6 _ 3.2 60.1 __. 2.7 27.4 + 1.5"* 

a C57BL/6 mice alloimmunized SC with P815 14 days before challenge 
b C57BL/6 mice aUoimmunized SC with P815 14 days before challenge and injected IV with C.parvum 5 days before challenge 
c Intraperitoneal inoculation of 2 x 107 P815 
* Significantly different from controls (P < 0.01) 
** Significantly different from controls (P < 0.05) 
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creased cytotoxic activity in these two organs when mea- 
sured 5 days later. 

Kinetics o f  the secondary cytotoxic response mea- 
sured in PEC differed from that seen in other organs tested 
(Table 3). In controls, CMC was already detectable 
2 days after rechallenge, peaked around day 7, and re- 
mained elevated for at least 16 days. On day 2, PEC from 
C. parvum-treated alloimmune mice showed minimal 
CMC compared with controls, whereas at all other times 
the level of  cytotoxic activity was comparable. The de- 
crease in CMC detected on day 2 correlated with the 
presence of  a large number of  tumor cells in the peritoneal 
cavity of  these mice (162 × 106 P815 compared with 32 x 
106 in controls). Evidently C. parvum-treated alloimmu- 
nized mice experience a delay in the development of  sec- 
ondary  CMC in PEC, allowing the tumor cells to grow for 
a longer period of  time. In fact, when these mice were 
rechallenged with a larger tumor inoculum the delay in the 
cytotoxic response allowed the tumor to increase suffi- 
ciently in volume to cause appreciable ascites, which 
persisted for 5 - 7  days. It  is important to note, however, 
that all mice survived disease-free. 

The isolated demonstration of  CMC in PEC raised 
the question as to whether these cytotoxic cells were 
indeed T cells. As shown in Table 4, treatment with anti- 

Table 4. Effect of treatment with ATS and complement on PEC 
cytotoxicity 

PEC source ATS + C' % Specific release a 
~ ± S D  

E:T = 50:1 E : T =  10:1 

Alloimmune b - 58.6 ± 3.8 16.0 ± 2.8 
Alloimmune + -- 0.4 ± 0.8 - 0.7 _+ 0.6 
Alloimmune + CP ~ -- 58.1 ± 6.9 16.5 ± 2.6 
Alloimmune + CP + - 0.5 ± 1.0 - 0.9 _+ 0.7 

a Obtained 9 days after IP challenge with 2 × 107 P815 
b C57BL/6 mice alloimmunized SC with P815 14 days before chal- 
lenge 
e C57BL/6 mice alloimmunized SC with P815 14 days before chal- 
lenge and injected IV with C. parvum 5 days before challenge 
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thymocyte  serum and complement in vitro completely 
abrogated their activity, clearly demonstrating that the 
cytotoxic cells in PEC were T cells. The observations 
reported here are not peculiar for C57BL/6 (H-2b) mice 
immunized with allogeneic P815 mastocytoma cells 
(H-2d). An  identical effect was observed when BALB/C 
(H-2d) mice were immunized with EL4 (H-2b) allogeneic 
tumor cells (data not shown). Clearly, the effects of  C.par- 
rum on memory CMC are not restricted to a particular 
mouse strain or alloantigen. 

Effects of C. parvum on Secondary Cytotoxic Antibody 
Response 

In contrast to the marked alteration reported in CMC, cy- 
totoxic antibody titers were not affected by C. parvum 
administration (Table 5). Neither the magnitude nor the 
kinetics of  the antibody response were significantly dif- 
ferent from those seen in control alloimmune mice. 

D i s c u s s i o n  

Generation and expression of  memory CMC after re- 
challenge in vivo with P815 is markedly inhibited when C. 
parvum is given during primary immunization to the same 
alloantigen. By contrast, the development of  the cytotoxic 
antibody response was unaffected. The preferential in- 
hibition of  cell-mediated immunity is consonant  with the 
report by Scott [ 14] of  unchanged antibody titers to sheep 
red blood cells in mice showing depressed delayed cu- 
tanous hypersensitivity to the same antigen. 

In a previous report we demonstrated the C. parvum 
can significantly decrease the ability of  spleen cells to 
generate a secondary response in vitro [9]. This study 
clearly demonstrates that a similar impairment is present 
following in vivo restimulation. The kinetics of  memory 
CMC was similar to that seen in spleens from control 
immune mice, except that the C. parvum-treated mice 
exhibited a significant decrease in the magnitute of  the 
response at all times tested. Woodruff  [17] reported that 
resistance to a syngeneic fibrosarcoma induced by ad- 
ministration of  x-irradiated tumor cells was abolished 

Table 5. Cytotoxic antisera titers following challenge 

Serum source Log 2 titer (~ + SD) 
Days after challenge ~ 

0 2 5 9 16 

Alloimmune a 4.0 + 0.0 5.5 + 0.8 6.0 + 1.1 4.2 + 2.0 5.3 _+ 0.6 

Alloimmune + CP b 4.0 + 1.0 4.3 _+ 1.0 5.8 + 0.6 5.5 + 0.5 4.4 ± 0.7 

a C57BL/6 mice alloimmunized SC with P815 14 days before challenge 
b C57BL/6 mice alloimmunized SC with P815 14 days before challenge and injected IV with C.parvum 5 days before challenge 
e Iutraperitoneal inoculation of 2 x 107 P815 
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when C.parvum was injected in the interim between initial 
inoculation and rechaUenge. The effect of C. parvum on 
memory CMC reported here may, in part, explain these 
observations. This association is merely speculative at this 
time. The biological relevance of a decreased memory 
CMC in the rejection ofsyngeneic tumor remains to be es- 
tablished. 

It is interesting to note that the suppressed animals 
were able to mount a response of normal magnitude at the 
site of rechallenge, in spite of the depressed activity in 
other lymphoid organs. These observations raise inter- 
esting questions in relation to the origin of the memory 
cells detected in PEC. As previously shown, memory cells 
are functionally absent or very deficient in the spleens of 
these mice [9], and therefore the possibility of these cells 
deriving from spleen is highly unlikely. Preliminary stud- 
ies in our laboratory indicate that splenectomy following 
alloimmunization does not impair the mouse's ability to 
respond to an IP rechallenge. It is possible therefore that 
the peritoneal cavity itself is a site through which sen- 
sitized lymphocytes traffic and home. The appearance of 
cytotoxic cells in the peritoneal cavity following the pri- 
mary immunization is consistent with this hypothesis. 

The question of the source of cytotoxic and primed 
memory cells in the spleen remains to be answered. The 
cytotoxic and primed memory cells in the spleen may well 
be the result of migration of cytotoxic cells to that organ 
from the site of sensitization. These cells would home and 
proliferate in the spleen. The organ distribution and site of 
priming of memory cells remains an open question to this 
date. It appears,' however, that spleen represents an impor- 
tant source of cells for in vivo priming. Of particular 
relevance is the recent work by Hall [6, 7], who reported 
that cells that mediate rejection of primary heart ailografts 
in rats (i.e., cells with potential for immediate cytotoxic ac- 
tivity) are derived from the recirculating small lympho- 
cyte pool found in lymph nodes and thoracic duct though 
only small numbers are found in the spleen. Cells able to 
mediate rejection after in vivo priming (memory), how- 
ever, were found in all lymphoid organs and were not of 
the recirculating subpopulation. It is possible that C. par- 
rum injection during an on-going primary CMC response 
causes redistribution of primed memory cells. The ability 
of C. parvum to affect lymphocyte trapping and traffic is 
well known [4], and some of the effects reported here 
could well be due to altered traffic patterns. Further inves- 
tigations carried out in a mouse model with C. parvum 
may serve to elucidate the functions or patterns of re- 
circulation of subpopulations of lymphocytes during the 
course of a normal immune response. 
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