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S u m m a ry :

Most immunological studies that utilize different strains of inbred 
mice following T. gondii infection fail to compensate for 
differences in host susceptibility to the size of the parasite 
innoculum. To address this concern, susceptible C57BL/6 and 
resistant CBA/J mice were orally infected with either an equivalent 
50 % lethal dose (LD50) of brain cysts of the 76K strain of 
T. gondii (15 cysts in C57BL/6, 400 cysts in CBA/J) or the same 
dose of parasites in each mouse strain. C57BL/6 mice receiving 
400 cysts (LD50 of CBA/J mice) died post infection, whereas 
CBA/J mice that received 15 cysts (LD50 of C57BL/6 mice) 
survived. Parasite loads in the brains and serum Toxoplasma 
specific IgG1 titers of LD50-infected C57BL/6 mice were 
significantly higher than those in LD50- or 15 cysts-infected CBA/J 
mice, whereas splenocyte proliferation to Toxoplasma antigen and 
the percentage of CD8α*T cells were reduced in LD50-infected 
C57BL/6 mice. In contrast, serum lgG2a and IgM titers, the 
percentage of yδ T cells and IFN-y expression of spleen of LD50. 
infected CBA/J mice were higher than those of either 15 cysts- 
infected CBA/J mice or LD50-infected C57BL/6 mice. These 
observations demonstrate that the immune response between LD50- 
infected C57BL/6 and CBA/J mice was more prominent when 
compared to C57BL/6 or CBA/J mice receiving the same 
parasite inoculum. These observations would suggest that caution 
must be excersized in the planning and interpretation of data 
when the size of the parasite inoculum has not been adjusted for 
mouse strain.
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Résum é :  R é p o n s e  im m u n it a ir e  d e  d if f é r e n t e s  l ig n é e s  d e  s o u r is

SOUMISES À DES DOSES LÉTALES ÉQUIVALENTES DF. TOXOPLASMA GONDII

la  plupart des études utilisant différentes lignées consanguines de 
souris infectées par T. gondii ne réussissent pas à compenser les 
différences de sensibilité des hôtes envers la quantité de parasites 
inoculée. Face à ce problème, des souris C57BL/6 sensibles et 
CBA/J résistantes on été infectées par voie orale soit par des 
équivalents de 50 % de la dose létale IDL50) de kystes d'origine 
cérébrale de la souche 76K de T. gondii ( 15 kystes pour 
C57BL/6, 400 kystes pour CBA/Jj, soit par une même quantité 
de parasites chez chacune des lignées de souris. Les souris 
C57BL/6 qui reçoivent 400 kystes (DL50 des souris CBA/J) en 
meurent, tandis que les souris CBA/J qui reçoivent 15 kystes 
(DL50 des souris C57BL/6) survivent. La charge parasitaire 
cérébrale et les taux sériques d'lgG1 spécifiques de Toxoplasma 
des souris C57BL/6 infectées par la DL50 sont significativement 
plus élevés que ceux des souris CBA/J infectées par la DL50 ou 
par 15 kystes, alors que la proliferation de splénocytes et le 
pourcentage de cellules CD8α * T sont plus bas chez les souris 
C57BL/6 infectées par la DL50. Par contre, les taux sériques 
d'lgG 2a et d'IgM, le pourcentage de cellules γδ T et la réaction 
splénique en IFN-γ des souris CBA/J infectées par la DL50 sont 
plus élevés que ceux des souris CBA/J infectées par 15 kystes ou 
des C57BL/5 infectées par la DL50. Ces observations démontrent 
que la réponse immunitaire des souris C57BL/6 et CBA/J 
infectées par une DL50 est plus prononcée que celle des souris 
C57BL/6 ou CBA/J recevant le même inoculum de parasites.
Ces observations pourraient suggérer que la prudence doit être de 
mise dans la présentation et l'interprétation des données quand la 
quantité de parasites inoculée n'a pas été adaptée à la lignée de 
souris utilisée.

MOTS CLÉS : Toxoplasma gondii, toxoplasmose, dose létale, sensibilité, 
response immune, souris.

INTRODUCTION

T ~o xop lasm a g on d ii is an obligate intracellular para­
site with a global distribution and an extremely 
broad host range, including birds, mammals and
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humans. Only one species of this parasite has been iden­
tified, but there is marked variation in susceptibility, 
according to its host. Even within the mouse, different 
inbred strains have markedly different susceptibility to 
T. g on d ii infection. These susceptibility differences may 
be due to differences in the virulence of the parasite itself 
or differences in the genetic make-up of the mice in 
terms of their immune response (Johnson et a l., 2002). 
The mortality o f mouse strains varies widely depen­
ding on the parasite strain, size o f inoculum, infection 
route, and gender o f the mouse. Earlier studies consi­
dered mortality, cytokine production, and parasite 
burden after challenge infection of susceptible and
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resistant strains o f mice with the same or similar doses 
o f T. g o n d ii  parasites (McLeod et a l., 1989; Suzuki et 
al., 1995; Deckert-Schluter et al., 1995; Luo et a l., 1997; 
Schluter et al., 1999). There have been no reports in 
which resistant and susceptible mice have been chal­
lenged with a physiologically normalized number of 
organisms. In order to alleviate the parasite dose 
dependent bias on the immune response in different 
genetic backgroud, susceptible C57BL/7 mice and resis­
tant CBA/J mice were infected by the oral route with 
a 50 % lethal dose (LD50) as well as the same dose of 
parasites in each mouse strain for the particular strain. 
Following infection, we compared the parasite burden 
as well as the humoral and cell-mediated immune res­
ponses o f these two strains o f mice.

MATERIALS AND METHODS

M ic e  a n d  p a r a s it e  s t r a in s

Fem ale inbred C57BL/6 and CBA/J mice were 
obtained from the Korea Research Institute of 
Bioscience and Biotechnology, Daejeon, Korea. 

All mice used were 8-10 w eeks old and documented 
to be specific-pathogen-free animals. They were main­
tained under approved conditions in our college’s 
animal research facilities. Two strains o f T. g o n d ii  
were used. The RH strain was used to prepare Toxo­
p la sm a  lysate antigen (TLA), and the 76K strain was 
used to infect mice orally.

P a r a s it e  c h a l l e n g e  o f  m ic e

To determine the LD50 per oral dose o f the 76K strain 
o f T. gon d ii, C57BL/6 mice were infected with four, 15, 
or 40 brain cysts per mouse, while CBA/J mice were 
infected with 100, 400, or 1,600 brain cysts. There were 
20 mice in each group to study mortality, and checked 
four weeks daily. After determination of LD50 of each 
mouse, mice were infected with LD50 of parasites into 
C57BL/6 or CBA/J mice to compare the immune res­
ponses between two strains o f mice. To compare the 
immune responses at the same doses o f parasites, mice 
were also infected with LD50 of C57BL/6 mice into 
CBA/J mice as well as LD50 of CBA/J mice into C57BL/6 
mice. Five mice were used in each value at all time point 
for evaluation of immune responses and parasite bur­
dens at day 0, 3, 7, 14 and 28 post-infection (PI), res­
pectively. Age- and sex-matched control mice o f the 
same strains were treated with a similar dose of brain 
homogenate from uninfected mice.

T it r a t io n  o f  s e r u m  a n t ib o d ie s  b y  E L IS A

We did preliminary experiments to set-up the adequate 
dilution in ELISA system, and then we determined the

dilution factors o f serum as 1:100. Each well o f a 96- 
well plate was coated with TLA (10 μg/ml), and incu­
bated overnight at 4° C. TLA was prepared according 
to the protocol outlined by Lee et al. (1999a). After 
blocking, serum samples were diluted 1:100 in 0.1 % 
BSA/PBS containing 0.05 % Tw een 20 and added 
100 μl per well. After two hours, HRP-conjugated goat 
anti-mouse IgG 1, IgG2a, or IgM (Southern Biotechno­
logy Associates Inc., USA) was applied. After washing, 
freshly prepared O-phenylenediamine dihydrochloride 
was added, and the reaction was stopped by the addi­
tion of 4N H2SO4. Optical density was read at 492 nm 
using an automatic ELISA reader (Spectra, Molecular 
Devices, USA).

S p l e n o c y t e  p r e p a r a t io n

AND PH EN O TYPIC  ANALYSIS B Y  FLO W  C Y TO M ETR Y

Spleens from mice were homogenized, and erythro­
cytes were lysed by Tris-NH4C1 (pH 7.2). The splenocy- 
tes were washed in RPMI 1640 (Sigma, USA) containing 
10 % heat-inactivated FBS, and antibiotics. Splenocyte 
containing 1 x  106 cells were incubated with either 
50 μl o f FITC-conjugated anti-mouse CD4, CD8α , and 
yδ m onoclonal antibodies (1:100 dilution in 0.1 % 
BSA/PBS; PharMingen, USA) or isotype-specific control 
(PharMingen, USA) for 60 minutes at 4° C. Cells were 
washed three times in 0.1 % BSA/PBS by centrifuga­
tion, fixed with 1 % paraformaldehyde and then ana­
lyzed by flow cytometry (FACScan, Becton Dickinson, 
USA). The data were analyzed using the Cell-Quest 
program (Becton Dickinson).

S p l e n o c y t e  in  m t r o  p r o l i f e r a t i o n  a s s a y

Splenocytes were dispensed in 96-well culture plates 
at a concentration of 2 x  105 cells per well in RPMI 
1640 containing 10 % FBS. Cells were cultured for
72 hours with or without TLA (15 µl /ml) at 37° C, 5 % 
CO 2. After incubation, the cells w ere pulsed with 
0.5 pCi [3H]-thymidine (Amersham, Belgium) for 12 hr 
and harvested onto glass-fiber filters by an automatic 
cell harvester. [3H]-thymidine incorporation was asses­
sed by a liquid scintillation counter, and the results 
were expressed as counts per minute (CPM). Data 
reported represent the mean ± standard deviation (SD) 
o f triplicate cultures.

C y t o k i n e  mRNA e x p r e s s io n  in  t i s s u e s  a s s e s s e d  
b y  R T-PC R

Cytokine mRNA expression in brains and spleens of 
mice was assessed according to the method of Deckert- 
Schluter et al. (1995). Each tissue sample was processed 
for the isolation of total RNA using an RNAgent kit 
(Promega, USA). A preparation o f cDNA was pro­
duced using a starting mixture containing 5 pg o f total
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RNA, 8 µl o f 5 x  RT buffer, 4 µl o f dNTPs, 25 pM oligo- 
dT20 and 1 µl o f AMV reverse transcriptase. The PCR 
was performed with 2-13 µl o f cDNA reaction mixture 
containing 10 x polymerase buffer, 250 µM dNTPs, 
0.4 µM of 3 ’- and 5’-primer, 2.5 U Taq  polymerase at 
94° C for one minute, 57° C for one minute and 72° C 
for one minute with Thermal cycler (TaKaRa PCR MP, 
Japan). The sequences o f cytokine-specific primer pairs 
w ere as follows: hydroxyphosphoribosyltransferase 
(HPRT), 3 ’-GAGGGTAGGCTGGCCTATGGCT-5’ and 5’- 
TG G A TA C A G G C C A G A C TT TG TTG -3’; IFN-y, 3 - 
CTCATGGAATGCATCCTTTTTCG-5’ and 5 ’-ACGCTA- 
CACACTGCATCTTGG-3’; IL-10, 3-TGTCTAGGTCCT- 
GGAGTCCAGCAGACTCAA-5’ and 5’-CCAGTTTTACC- 
TGGTAGAAGTGATG-3'. After 35 cycling, the PCR pro­
ducts were separated by electrophoresis on 2 % aga­
rose gels. Quantification of mRNA was performed with 
an imaging densitometer (Gel-Doc, BioRad, USA).

Q u a n t i f i c a t io n  o f  t i s s u e  p a r a s i t e  b u r d e n  

b y  S o u t h e r n  b l o t

Southern blots for the quantification of tissue parasite 
burden were done according to the procedure des­
cribed by Burg et al. (1989) and Khan et al. (1998). 
DNA was prepared from the brains and spleens by 
homogenization of 100 mg of tissue in 2 ml 0.1 M NaCl, 
0.2 M sucrose, 0.01 M EDTA and 0.3 M Tris (pH 8.0). 
The solution was then incubated for two hours at 65° C 
after the addition o f 10 % SDS and proteinase K 
(100 µg/ml). Potassium acetate (8 M) was then added 
followed by precipitation of the solution at 4° C for one 
hour and centrifugation at 5,000 x g for 10 minutes. 
The aqueous phase was extracted with phenol-chlo- 
roform and ethanol precipitated. Oligonucleotide pri­
mers used to initiate DNA amplification were com ­
plementary to segments o f the B1 gene of T. g o n d ii  
(5 ' -GGAACTGCATCCGTTCATGAG and 5 ’-TCTT- 
TAAAGCGTTCGTGGTC). DNA was amplified by PCR 
in a solution containing 10 mM Tris-HCl (pH 8.3),
1.5 mM MgCl,, 50 mM KC1. 200 pM of each deoxy- 
nucleotide, and 0.4 µM o f primers. A positive control 
(DNA directly extracted from tachyzoites o f the RH 
strain) and a negative control (distilled water) were 
tested for each reaction. We applied the same volume 
o f DNA already adjusted same optical density, so the 
applied volume of each lane was same in all experi­
ments. The reaction was carried through 35 cycles, 
each consisting of 60 s at 94° C. 90 s at 55° C and 60 s 
at 72° C. After migration on a 2 % agarose gel, the PCR 
product was passively transferred onto a nylon mem­
brane. The membrane was fixed for 15 minutes at 
120° C. Blots were prehybridized at 42° C for three 
hours. For hybridization, a non-isotopic 5’-GGCGAC- 
CAATCTGCGAATA-CCACC probe was used. For deve­
loping, it was labelled at the end with digoxigenin

(Boehringer Mannheim, Germany). After rinsing, the 
membrane was hybridized with an anti-digoxigenin 
antibody labeled with alkaline phosphatase. After fur­
ther rinsing, the membrane was developed with a 
chem ilum inescent substrate CSPD (Disodium 3-(4- 
m eth o xy sp iro fl,2 -d io xetan e-3 ,2 ’- (5 ’-ch loro)tricyclo  
[3 .3 - l.l3,7]decan)4-yl) phenyl phosphate; DIG Lumi­
nescent Detection Kit, Roche Molecular Biochemicals, 
Germany), and detected by exposure o f X-ray film. 
Quantification of DNA was performed using an ima­
ging densitometer.

S t a t i s t i c a l  a n a l y s is

Statistical evaluations o f differences in parasitic loads, 
antibody titers, proliferation assay, phenotype profiles 
and mRNA levels were determined by Mann-Whitney 
U test o f nonparametric-independent method and Stu­
dent’s t test. Differences between the various groups 
were considered significant when p  values were < 0.05.

RESULTS

E s t a b l i s h m e n t  o f  t h e  LD50 f o r  C57BL/6 
( s u s c e p t i b le )  a n d  CBA/J ( r e s i s t a n t )  m ic e
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T o determine the LD50 of T. g o n d ii  in C57BL/6 
and CBA/J mice, groups o f female C57BL/6 and 

 CBA/J mice were challenged separately with 
three different doses o f brain cysts. Four weeks after 
infection, the survival rate o f C57BL/6 mice receiving 
four cysts was 85.0 ±7 . 1  %, 47.5 ± 10.6 % in the group 
receiving 15 cysts per mouse, and 0.0 ± 0.0 % for those 
receiving 60 cysts. The survival rates o f CBA/J mice 
after oral administration of 100, 400, and 1,600 cysts 
per mouse were 100 ± 0.0 %, 55.0 ± 14.1 %, and 5.0 ± 
7.1 %, respectively. Therefore, we determined that the 
LD50 o f the 76 K strain o f T. g o n d ii  was 15 cysts per 
susceptible C57BL/6 mouse and 400 cysts per resistant 
CBA/J mouse. In comparison with mortality at the same 
dose o f parasites in each mouse strain, C57BL/6 mice 
receiving 400 cysts (LD50 of CBA/J mice) were all dead. 
In contrast, all CBA/J mice receiving 15 cysts (LD50 of 
C57BL/6 mice) survived

P a ra s ite  lo a d s  in  t h e  b ra in  a f t e r  in f e c t io n  
WERE HIGHER IN C57BL/6 MICE THAN 
IN CBA/J MICE

As shown in Figures 1A, 1B and 1C, the parasite load 
in the spleen o f both mouse strains increased after 
infection to reach a maximum at day 7 PI, and 
d ecreased  thereafter. At day 7 PI, LD50-infected  
C57BL/6 mice had higher numbers o f parasites in the 
spleen in comparison to LD50- or 15 cysts-infected 
CBA/J mice (p = 0.0025 in LD50-infected C57BL/6 us
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Fig. 1. -  Levels of parasite DNA in tissues of C57BL/6 and CBA/J 
mice orally infected with the 76K strain of T. gondii. A, T. gondii 
DNA levels of positive control by Southern blot; B, Southern blot 
of T. gondii DNA levels of the spleens and brains from LD50-infected 
C57BL/6 and CBA/J mice. C, the kinetics of T. gondii DNA levels 
of the spleens and brains from C57BL/6 and CBA/J mice orally 
infected with the 76K strain of T. gondii. The data are expressed as 
mean ± standard deviation (SD) of one of two separate experiments 
(n = 5 for each value at all time point). The experiment was repeated 
two times with essentially similar results.

15 cysts-infected CBA/J, p = 0.999 in LD50-infected 
C57BL/6 vs LI),„-infected CBA/J). The parasite burdens 
in the spleen of CBA/J mice receiving 15 cysts were 
not significant compared to LD50-infected CBA/J mice, 
except day 7 PI. The parasite burden in the brain of 
both mouse strains also increased after seven days after 
infection, and was subsequently maintained at a high 
level. The parasite burden in the brain was, however, 
markedly higher in LD50-infected C57BL/6 mice than in 
LD50- or 15 cysts-infected CBA/J mice at day 14 and 
28 PI (0.0005 < p < 0.007). The parasite burdens in the 
brain of CBA/J mice receiving 15 cysts were lower than 
those of LD50-infected CBA/J mice at day 14 and 28 PI 
(p = 0.0544 at day 14 PI, p = 0.0155 at day 28 PI).

D ifferen tia l  p r o d u c t io n  o f  Ig G  is o t y p e  tit er s

BETW EEN  RESISTANT AND SU SCEPTIBLE MICE

The IgG1 titer of Toxoplasma-infected C57BL/6 and 
CBA/J mice were similar to that of the uninfected 
control until day 7 PI. Thereafter, the IgGl titers of

92

LD50-infected C57BL/6 mice increased abruptly com­
pared to CBA/J mice at the same time point. At days
14 and 28 PI, IgGl titers of T. gondii-infected C57BL/6 
mice were more than two times higher than those of 
the CBA/J mice (Fig. 2A). IgG2a titers of LD50-infected 
C57BL/6 mice were consistent with the uninfected 
control until day 7 PI and increased thereafter. In 
contrast, the IgG2a titers of LD50- or 15 cysts-infected 
CBA/J mice significantly increased after infection, and 
their titers were significantly higher than those of LD%- 
infected C57BL/6 mice through experiment period. 
The IgG2a titers of CBA/J mice receiving 15 cysts 
were lower in LD50-infected CBA/J mice at day 14 or 
28 PI (p = 0.0009 at day 14 PI. p = 0.581 at day 28 
PI) (Fig. 2B). The IgM titers of uninfected CBA/J mice 
were higher than those of uninfected C57BL/6 mice 
(p = 0.0005). The IgM titers of LD50-infected CBA/J 
mice increased significantly after day 3 PI and peaked 
at day 7-14 PI, whereas LD50-infected C57BL/6 mice 
significantly increased after day 7 PL The IgM titers of 
CBA/J mice receiving 15 cysts were lower titers to LD50-
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Fig. 2. -  Time course of the IgG1 (A), IgG2a (B), and IgM (C) antibody titers of sera from C57BL/6 and CBA/J mice orally infected with 
the 76K strain of T. gondii. The data are expressed as mean ± SD of one of two separate experiments (n = 5 for each value at all time 
point). The experiment was repeated two times with essentially similar results.

Fig. 3. -  Proliferative responses of splenocytes from C57BL/6 and 
CBA/J mice orally infected with the 76K strain of T. gondii. Spleen 
cells were cultured in the presence of Toxoplasma lysate antigen 
for 72 h. The proliferation was assayed by [3H]-thymidine incorpo­
ration. Data are presented as the mean ± SD of one of two sepa­
rate experimets (n = 5 for each value at all time point). The experi­
ment was repeated two times with essentially similar results.

infected CBA/J mice, but not significant differences 
except day 7 PI (p = 0.0072 at day 7 PI) (Fig. 2C).

D i f f e r e n t  p a t t e r n s  o f  in vitro p r o l i f e r a t i o n  

O F  SPLENOCYTES FROM  CBA/J AND C 57BL/6 MICE

Thymidine incorporation by TLA-treated splenocytes 
from both mouse strains was significantly increased at

day 0 and 3 PI as compared to the medium-treated 
control group. After day 7 PI, DNA synthesis was mar­
kedly depressed in TLA-treated splenocytes obtained 
from C57BL/6 mice, whereas DNA synthesis o f CBA/J 
mice was not effected. Thymidine incorporation of 
CBA/J mice receiving 15 cysts was similar to that of 
LD50-infected CBA/J mice through experiment (p = 
0.7531) (Fig. 3).

C D 8 + T  CELLS ARE DECREASED IN C57BL/6 MICE, 

BU T N OT IN CBA/J MICE, AFTER T . G O N D II  INFECTION

The percentage of CD4+ T cells from LD50-infected 
C57BL/6 mice did not change significantly during the 
experiment as compared to uninfected C57BL/6 mice. 
The percentage of CD4+ T cells in LD50-infected CBA/J 
mice was slightly increased at day 14 PI compared to 
day 0 (p = 0.422), and their pattern o f CD4+ T cells was 
similar to CBA/J mice receiving 15 cysts (data were not 
shown). The percentage of CD8a+ T cells from LD50- 
infected C57BL/6 mice was significantly decreased at 
day 14 PI compared to day 0 (p = 0.0002), whereas the 
percentage of CD8a+ T cells in LD50- or 15 cysts-infected 
CBA/J mice was increased at day 14 PI (0.001 < p < 
0.0016). The percentage of y8 T cells increased abmptly 
in both strains of mouse after day 3 PI as compared to 
uninfected controls (p < 0.0001). At day 7 or 14 PI, the 
percentage rise o f yδ T cells in both strains of mouse 
was approximately three times higher than in uninfected 
mice, but the percentage o f yδ T cells in LD50-infected 
CBA/J mice was higher than in T oxoplasm a-infected 
CBA/J mice receiving 15 cysts or LD50-infected C57BL/6 
mice at day 7 or 14 PI (0.0068 < p < 0.1026) (Fig. 4).
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Fig. 4. -  The kinetics of phenotypic changes of splenocytes from 
C57BL/6 and CBA/J mice orally infected with the 76K strain of 
T. gondii. Splenocytes were stained with FITC-conjugated anti­
mouse CD8a, yδ TCR mAb, and then analyzed by FACScan. Data 
shown are the mean ± SD of one of two separate experiments (n = 5 
for each value at all time point). The experiment was repeated two 
times with essentially similar results.

D i f f e r e n c e s  i n  IF N -y  p r o d u c t i o n
BETW EEN  RESISTANT AND SU SCEPTIBLE MICE

The splenic and cerebral HPRT mRNA expression was 
almost equal during the experimental periods (data 
was not shown). In Figures 5A and 5B, IFN-y or IL-10 
mRNA expression in the spleen and brain o f unin­
fected C57BL/6 mice was set as 1 at each time point 
of the experiment. The IFN-y mRNA expression of 
spleen increased markedly in both strains after infec­
tion, and peaked at day 7 PI. IFN-y expression in LD50- 
infected CBA/J mice was significantly higher than in 
LD50-infected C57BL/6 mice before infection, and at 
days 3 and 7 PI, although the mean increase ratio of 
IFN-y after infection was higher in LD50-infected  
C57BL/6 mice at day 7 PI (1 .0  vs 21.0 in LD50-infected 
C57BL/6 m ice, 7.5 vs 28.0 in LD50-infected CBA/J 
m ice). IFN-y mRNA level in the spleen o f CBA/J mice 
receiving 15 cysts was lower to that o f LD50-infected 
CBA/J mice. IL-10 mRNA expression in spleen in both 
strains was similar to that in the uninfected control 
until day 3 PI. Thereafter, mRNA levels o f this cyto­
kine increased significantly in LD50-infected C57BL/6 
mice, whereas only a slight increase was observed in 
LD50- or 15 cysts-infected CBA/J mice. IL-10 mRNA 
level in the spleen o f CBA/J mice receiving 15 cysts

Fig. 5. -  Cytokine mRNA levels in spleens (A) and brain (B) from C57BL/6 and CBA/J mice orally infected with the 76K strain of T. gondii. 
Data are expressed as relative increase in mRNA levels over the spleen or brain of uninfected C57BL/6 mice at each time point. IFN-y or 
IL-10 mRNA expression in the brain and spleen of uninfected C57BL/6 mice was set as 1 at each time point of the experiment. Data shown 
are the mean ± SD of one of two separate experiments (n = 5 for each value at all time point). The experiment was repeated two times 
with essentially similar results.

94 Mémoire Parasite, 2004, 11, 89-97



I m m u n o l o g ic  d if f e r e n c e s  in  e q u iv a l e n t  l et h a l  d o s e s

were similar to that o f LD50-infected CBA/J mice (p = 
0.9629).
The constitutive IFN-y mRNA level in the brains of 
uninfected CBA/J mice was greater than C57BL/6 mice. 
IFN-y mRNA expression in the brains o f both strains 
was not significantly different as compared to unin­
fected controls until day 3 PI, thereafter a marked 
increase was observed. At days 14 and 28 PI, IFN-y 
expression in the brain was higher in LD50-infected 
C57BL/6 m ice than in LD50-in fected  CBA/J m ice 
(0.0316 < p < 0.0019). IFN-y mRNA level in the brain 
o f CBA/J mice receiving 15 cysts were similar to that 
o f LD50-infected CBA/J mice (p = 0.8355). IL-10 mRNA 
expression in the brain in both strains was similar to 
that o f  uninfected  control m ice until day 7 and 
increased significantly in LD50-infected C57BL/6 mice, 
but not in LD50- or 15 cysts-infected CBA/J mice the­
reafter. IL-10 mRNA level in the brain o f CBA/J mice 
receiving 1 cysts were similar to that o f LD50-infected 
CBA/J mice (p = 0.7053).

DISCUSSION

T his study demonstrates that there is considerable 
difference in the mortality and immune res­
ponse betw een resistant and susceptible mice 

following oral infection with T. g o n d ii  and these dif­
ferences were variable according to dose o f parasites. 
When mice were infected with an equivalent LD50 of 
the 76K strain of T. g o n d ii , that is 400 and 15 cysts 
separately, differences in the immune response were 
more apparent between resistant and susceptible strains 
o f mice than those mice infected with same dose. This 
would suggest that an experimental mouse model 
using an equivalent lethal dose o f parasites to com ­
pare the immune response is preferable to studies in 
which mice are infected with the same or similar dose 
o f parasite.
LD50 is widely used to compare the differences among 
groups in toxicology studies. W e utilized the LD50 in 
order to compare the fundamental differences bet­
ween two genetically distinct mouse strains. Parasite 
loads may be related to local immunity or cytopatho- 
logy. In this study, parasite loads of C57BL/6 and 
CBA/J mice after T. g o n d ii infection were maximal at 
day 7 PI in the spleens and at day 14-28 PI in the 
brains. Compared with LD50-infected C57BL/6 mice, 
both LD50- or 15 cysts-infected CBA/J mice had fewer 
parasites in the spleen and brain. The patterns of 
parasite load in the brain and spleen of susceptible and 
resistant mice infected with T. g o n d ii were similar to 
previously reported by Luo et al. (1997). However, 
there was no significant difference o f parasite burden 
between LD50- and 15 cysts-infected CBA/J mice. Toxo­

p la sm a -specific IgG2a antibody titers o f CBA/J mice 
were significantly greater than those o f C57BL/6 mice. 
Compared to 15 cysts-infected CBA/J mice, IgG2a titers 
of LD50-infected CBA/J mice were increased. In contrast 
to IgG2a, IgG1 antibody titers at days 14 and 28 PI 
were higher in C57BL/6 mice than in CBA/J mice sug­
gesting an enchanced T h1-type immune response in 
the susceptible strain (Nguyen et a l., 1998). Toxo- 
p la sm a -specific IgM antibody titers o f CBA/J mice was 
higher and increased earlier than those of C57BL/6 
mice. These results further support the importance of 
the IgM response in host protection against parasite 
infection (McLeod et al., 1989).
T cells respond to foreign antigens by proliferation and 
the synthesis o f cytokines, protective immunity against 
T. g o n d ii  is dependent on a strong, cell-mediated, 
T cell-dependent immune response (Khan et al., 1994; 
Denkers, 1999; Lee et a l . , 1999a). In our study, T. g o n ­
d ii  infection resulted in a temporary decrease in the 
percentage of CD8a+ spleen cells in susceptible C57BL/6 
mice, but not in resistant CBA/J mice. Since CD8+ 
T cells are essential in the generation of protective 
immunity against toxoplasmosis (Khan et al., 1994), a 
decreased CD8a+ T cells in Toxoplasm a-infected C57BL/6 
mice may allow for an increased number o f Toxo­
p la sm a  cysts compared with resistant mice (Brown & 
McLeod, 1990; Schluter et al., 1999). In contrast, the 
percentage of yδ T cells was markedly increased after 
infection in both strains o f mice. In this study, we 
showed a more prominent change in the yδ T cell pro­
portion in resistant CBA/J mice, especially in LD50- 
infected CBA/J mice, than in LD50-infected C57BL/6 or 
15 cysts-infected CBA/J mice. This finding may be 
related to the role that yδ T cells play in the early host 
response to infection with T. g o n d ii  (Kasper et a l . , 
1996; Lee et a l, 1999b). Suppression of lymphocyte 
DNA synthesis has been demonstrated in some animal 
models of T. g o n d ii  infection and in some acutely 
infected individuals. A variety of factors, including 
IL-10, IFN-y, nitric oxide and parasite factors, may in 
part be responsible for this down-regulatory event 
(Candolfi et al., 1994 & 1995; Khan et al., 1995; Haque 
et al., 1995). In our study, splenocyte proliferation in 
response to TLA was markedly depressed in Toxo- 
p la sm a - infected C57BL/6 mice from day 7 PI, but not 
in T oxop lasm a- infected CBA/J mice. The profile of 
T cell cytokine synthesis plays an important role in 
regulating the immune response and determining rela­
tive resistance or susceptibility to T. g on d ii. In our 
study, IFN-y mRNA expression was significantly increa­
sed in the spleen of both mouse strains immediately 
after T. g o n d ii  infection. These findings suggest that 
T. g o n d ii  infection in mice is predominantly a T h l- 
polarized response (Denkers, 1999). It is interesting that 
IFN-y mRNA expression in spleen were higher in LDS0- 
infected CBA/J mice than in LD50-infected C57BL/6 or
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15 cysts-infected CBA/J mice, whereas the increase 
ratio o f IFN-y mRNA expression after infection was 
higher in C57BL/6 mice. This would suggest that IFN-y 
plays a major role in murine resistance to T. g o n d ii  
infection (Scharton-Kersten et a l., 1996) and that over­
production of type 1 cytokines, in particular IFN-y, may 
lead to immune hyperreactivity in susceptible hosts 
(Denkers, 1999; Mordue et a!., 2001; Mennechet et al., 
2002). Therefore, susceptible C57BL/6 mice may induce 
more immunopathology than resistant CBA/J mice. 
Also, the increase o f IL-10 mRNA expression was par­
ticularly pronounced in the spleens o f T oxoplasm a- 
infected C57BL/6 mice as compared to T oxoplasm a- 
in fected  CBA/J mice. This increase indicated that IL-10 
plays a major role in protecting the host against an 
excessive T h 1 cytokine response (Suzuki et al., 2000), 
and the progression of toxoplasmic encephalitis in 
susceptible mice might be the result o f elevated levels 
of IL-10 in the infected brains of susceptible, but not 
resistant, mice (Hunter et a l., 1994; Khan et al., 1995). 
Together these observations suggest that LD50-infection 
of C57BL/6 and CBA/J mice may provide a more defi­
nitive measure of immune outcome than mice recei­
ving the same dose. This potential difference should 
be taken into account when studies are planned to eva­
luate immune parameters between two or more diffe­
rent strains o f inbred mice.
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