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Prevention of B220" T cell expansion and prolongation of lifespan induced by
Lactobacillus casei in MRL/lpr mice

A. MIKE, N. NAGAOKA, Y. TAGAMI, M. MIYASHITA, S. SHIMADA, K. UCHIDA, M. NANNO &
M. OHWAKI Yakult Central Institute for Microbiological Research, Tokyo, Japan

(Accepted for publication 16 March 1999)

SUMMARY

We examined the therapeutic effect of heat-killeattobacillus casefLC) on MRL/Ipr mice. Ingestion

of a diet containing 0-05% (w/w) LC from the weaning period prolonged the lifespan and tended to
reduce the proportion of B220T cells in the spleen and mesenteric lymph nodes (MLN) of MRL/Ipr
mice. When LC was intraperitoneally injected once a week after the age of 8 weeksnaegxophages
accumulated in the spleen as well as the peritoneum and macrophage progenitors increased in the bone
marrow. Moreover, the amount of IL-6 mMRNA in peritoneal macrophages was reduced by LC injection.
Splenocytes from LC-injected MRL/Ipr mice exhibited lower proliferative responses to mitogens than
those from control MRL/Ipr mice and the increase in number of B22ells in the spleen and MLN

was prevented by LC injection. However, LC injection affected neither expression of interferon-gamma
(IFN-vy) and IL-4 mRNAs nor proliferative capacities of splenic T cells. Our findings demonstrate that
LC injection accelerates macrophage recruitment and prevents the expansion 6fBe&ils without
affecting the functions of T cells in MRL/Ipr mice. These immunological modulations induced by LC
may lead to prolongation of the lifespan of MRL/Ipr mice.
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INTRODUCTION necrosis factor-alpha (TN&), and IL-12 are dysregulated in
MRL/Ipr mice [8,9]. Moreover, macrophage proliferation at extra-

MRL/Mp-lpr/lpr (MRL/Ipr) mice develop autoimmune disease . . . ;
resembling human systemic lupus erythematosus (SLE). Morer_nedullary sites such as liver, spleen, and kidney is augmented and

over, B220°CD4 CD8 double-negative (DN) T cells increase macrophages activated by colory-stimulating factor-1 (CSF-1)
progressively in peripheral lymphoid organs of MRL/Ipr mice with mﬁlfrate (ljnto Ihekcortemcgl_tne "'d.”ey f[10,11h]. . ttack of
ageing. The observation that MRL/Ipr mice thymectomized within N order 1o keep pr mice from having an attack of
2448 h after birth survive much longer than non-treated MRLllprautmmmune disease, two categories of treatments were investi-
mice indicates that thymus-derived T cells are involved in the_?_ateﬁ' %mi\/it\rllall V:‘:ASRaL'/dem?t r\r;vodula;tllngn thz Se\i/r?.bptznimfm
development of autoimmune disease of MRL/Ipr mice [1,2]. It has i'eTT{ 1u2 Ma:b 12 P d _cte as_tp ool ge t'y JefCFOKS(?6
been reported that T cells from MRL/Ipr mice express higher leve@Nt-Thy-+.2 Vo [ ].’ and intraperifoneay injection o .
of interferon-gamma (IENg) mRNA but fewer amount of IL-4 prevented the progression of nephropathy and prolonged the life-
MRNA than MRLA- mice [3]. As the clinical signs associated with span OT MRL/lpr mice [13]. Another strategy was fOCU.S?d on
nephritis are not detected in either MRL/IHEN-y~~ mice or controlling the functions of macrophages. Intraperitoneal injection

MRL/Ipr x IFN-yR™"~ mice [4,5], IFN+ produced by T cells is of a heat-killedStreptococcus pyogené®K-432) prevented the

considered to play a critical role in the development of auto_appearla:‘rnci;;_Frotelllnurla atnd_pzlc_nlon%ed tbhe |If(35pan Oft MtRIC;/Itpr
immune disease in MRL/Ipr mice. mice [14]. itionally, pentoxifylline has been demonstrated to

On the other hand, it has been proposed that macrophages reduce the production by macrophages of superoxide anion and

related to the occurrence of nephropathy in MRL/lpr mice. I-AfI-E a+ F-or and to increase the survival rate of MRL/lpr mice [15]

macrophages accumulate in the peritoneum of MRL/Ipr mice [6,7] ,fael‘:;:tz?aﬁggjltshcaf‘%;:::; Sr‘l]'llzqsfab([a_((::tt)err']a; bﬁzg Eg:ear:e;jofrgcrin o
and the abilities of macrophages to produce B,-IL-6, tumour y hu - u u

enhance the phagocytic activity, carbon clearance ability, and
Correspondence: Dr Masanobu Nanno, Yakult Central Institute fordNti-tumour activity of macrophages in mice [16,17]. In addition,

Microbiological Research, 1796 Yaho, Kunitachi-shi, Tokyo 186-8650, -C injection induces _the production of CSF and ex.pa_nds a pool of

Japan. macrophage progenitors [18—20]. These results indicate that LC
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can modulate the functions of dysregulated macrophages in MRLAnti-CD3 (145-2C11; PharMingen). Unconjugated anti-B220 anti-
Ipr mice. body was detected by FITC-conjugated anti-rat IgG (Biosource
In the present study, we examined the effect of LC on thelnt.,, San Jose, CA) and biotin-conjugated anti-Thy-1.2 was
immune system of MRL/Ipr mice by giving LC orally or intra- detected by PE-conjugated streptavidin (Caltag, Burlingame, CA).
peritoneally. The results show that ingestion of LC prolongs the
lifespan of MRL/Ipr mice and LC modulates macrophage recruitmentReverse transcriptase-polymerase chain reaction analysis of
resulting in the prevention of lymphadenopathy in MRL/Ipr mice. cytokine mRNA expression
Total RNA was extracted using ISOGEN (Nippongene, Toyama,
Japan). cDNA was synthesized from total RNA by first-strand
cDNA synthesis kit (Pharmacia Biotech, Tokyo, Japan). Primer
Mice sets used for polymerase chain reaction (PCR) and product size
MRL/Ipr mice (female, 4 weeks old) were purchased from Charleswvere as follows;3-actin, ATG GAT GAC GAT ATC GCT and
River Japan Inc. (Atsugi, Japan). Mice were killed according to theATG AGG TAG TCT GTC AGG T, 570bp; IL-B, TGA TGA
legislation of animal experiments established by Yakult CentralGAA TGA CCT GTT CT and CTT CTT CAA AGA TGA AGG

MATERIALS AND METHODS

Institute. AAA, 251 bp; IL-6, CTC TGC AAG AGA CTT CCA T and ATA
GGC AAA TTT CCT GAT TAT A, 320bp; TNFea, ATG AGC
Preparation ofLactobacillus casei ACA GAAAGC ATG ATC and AGATGATCT GAG TGT GAG

LC was cultivated in Rogosa’s medium at°@7for 24 h. After GG, 249 bp; transforming growth factor-beta (TG);-CGG GGC
cultivation, LC was washed thoroughly with distilled water, heatedGAC CTG GGC ACC ATC CAT GAC and CTG CTC CAC CTT
at 100C for 30 min, and lyophilized. To prepare the LC-containing GGG CTT GCG ACC CAC, 406 bp; IL-2, GTC AAC AGC GCA
diet, MM-3 powder (Funabashi Farm, Funabashi, Japan) wa€CC ACT TCA AGC and GCT TGT TGA GAT GAT GCT TTG
mixed with LC at 0-05% (w/w), changed into pellets, and sterilizedACA, 451 bp; IFNs, TAC TGC CAC GGC ACAGTC ATT GAA
by 6°Co irradiation. For i.p. injection, LC was suspended in 0115 and GCA GCG ACT CCT TTT CCG CTT CCT, 405 bp; IL-4,

NacCl (saline). ACG GAG ATG GAT GTG CCAAAC GTC and CGA GTAATC
CAT TTG CAT GAT GC, 279bp; IL-10, ATG CAG GAC TTT
Preparation of cells AAG GGT TAC TTG GGT T and ATT TCG GAG AGA GGT

Peritoneal cells were collected by injecting 10 ml of PBS in theTAC AAA CGA GGT TT, 455bp. After PCR products were
peritoneum using a syringe with a 23 G needle. To collect adherergeparated by agarose gel electrophoresis and stained jig 0-2
cells, peritoneal cells suspended in PBS were incubated in fetal cadfthidium bromide/ml, the relative intensity of each bang-actin
serum (FCS)-coated dishes at°@7for 30 min, and then non- band was analysed by the Bio-Profile Bio-1D System using Bio-1D
adherent cells were removed. The same treatment was repeat®dd6 Software (Vilber Lourmat, Marne la Valle France).
two more times. After removing non-adherent cells, o EDTA/
5% FCS/PBS was added into the dishes and they were incubated Btoliferation assay
4°C for 40 min. Adherent cells were collected by gentle aspirationResponder cells suspended in FCS—ME—-RPMI were added at
using a syringe with a 22 G needle. 5x 10°cells/well of a 96-well flat-bottomed microtitre plate and
Spleen was teased over gauze in Hanks’ balanced salt soluticzultured in the absence or presence of concanavalin A (ConA)
(HBSS) to obtain single-cell suspensions. After cells were centri{at 5ug/ml; Sigma, St Louis, MO), lipopolysaccharide (LPS) (at
fuged, erythrocytes were lysed with a haemolysis buffer. Cells5ug/ml; Difco, Detroit, MI), or pokeweed mitogen (PWM) (at
were washed with HBSS and suspended in RPMI 1640 suppled-2%; Difco) for 48 h. For stimulation with immobilized anti-T cell
mented with 10% FCS and>810-°m 2-mercaptoethanol (2-ME) receptor (TCR) MoAbs, each well of a 96-well flat-bottomed micro-
(FCS—-ME-RPMI). In order to deplete B cells and macrophagestitre plate was coated by adding @0of the solution of anti-TCR
splenocytes were applied to a nylon (NY) column (0-3 g/spleenH57-597; PharMingen) and anti-TGRGL-3; PharMingen) MoAbs
and cells passing through the NY column were collected. After theleach at 1(.g/ml). After washing wells with PBS five times 8.0°
NY column was incubated in PBS &@for 1 h, NY-adherent cells responder cells were added and cultured for 48 h. Cells were pulsed
were recovered by squeezing it with forceps. with 0-54Ci 3H-thymidine for the last 8h and the uptake was
Mesenteric lymph nodes (MLN) and Peyer’s patches weremeasured by 8-emission scintillation counter.
removed with scissors and teased over gauze in HBSS. Cells
were washed with HBSS and suspended in FCS—-ME-RPMI.  Measurement of macrophage colony-forming cells
Bone marrow cells were prepared by flushing the bone marrowMacrophage colony-forming cells (M-CFC) were measured by
of femurs with Dulbecca’s modified Eagle’s medium (DME) using using clonal culture in semisolid agar medium [21]. An adequate
a syringe with a 26 G needle. Erythrocytes were depleted using aumber of bone marrow cells were suspended in 1 ml of DME
haemolysis buffer and cells were suspended in DME supplementeslipplemented with 20% FCSasparagine at 2€g/ml, 0-3% bacto

with 5% FCS. agar (Difco), and 10% L929 cell-conditioned medium (crude
M-CSF) [22] and poured in 35-mm tissue culture dishes. After
Immunofluorescence analysis cultivation for 7 days, the number of M-CFC was counted under an

Cells were stained with the following antibodies and analysed byinverted microscope.

an EPICS Elite flow cytometer: PE-conjugated anti{41-5.2;

PharMingen, San Diego, CA), FITC-conjugated anti-CD11b (M1/ Statistical analysis

70; PharMingen), unconjugated or PE-conjugated anti-B22MDifference of survival curve was assessed by the Mann—Whitney
(RA3-6B2; PharMingen), biotin-conjugated  anti-Thy-1.2 two-sample rank test. Statistical significance of difference in other
(30-H12; Becton Dickinson, San Jose, CA), FITC-conjugatedexperiments was evaluated by Studemifsst.
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0 10 20 30 40 50 60 Fig. 2. Effect of ingestion ofLactobacillus case{LC)-containing diet on

the proportion of B220 T cells. Peyer’s patches (PP), mesenteric lymph
nodes (MLN), and spleen (SP) were individually isolated from MRL/Ipr
mice fed with control Q) or LC diet (@) at 22—24 weeks old.

Moreover, the average titre of anti-ssDNA IgG in serum was 10-
fold less at age 22—-24 weeks in LC-fed MRL/lpr mice than in
control MRL/Ipr mice (data not shown).

Constitution of macrophages and T cells in saline- and LC-injected
MRL/lpr mice
To unravel how LC prevents the expansion of B22Dcells, LC
was intraperitoneally injected into MRL/Ipr mice. After LC was
injected at 1 mg/kg, 5mg/kg, or 20mg/kg once a week from
8weeks old, only the injection at a dose of 20 mg/kg decreased
the proportion of B220 T cells in the spleen at 16 weeks old (data
0 \ \ \ \ \ J not shown). Therefore, we determined to inject LC at 20 mg/kg
0 10 20 30 40 50 60 intraperitoneally into MRL/Ipr mice once a week from 8 weeks old
in the following experiments.
LC injection induced the accumulation of I/€D11b" cells in
Fig. 1. Growth (a) and survival (b) of MRL/Ipr mice fed with contrad] or the peritoneum at 1gweeks old, and this change was still observed
Lactobacillus case(LC)-containing diets @). Each group included 25 _at 16 weeks _Old' Wh”e t_he nu_mb?r_Of splenocytes and MLN cells
MRL/Ipr mice. A representative result out of three experiments is shown.increased with ageing in saline-injected MRL/lpr mice, spleno-
megaly and lymphadenopathy from 12 to 16weeks old was
RESULTS completely prevented by LC injection. During this period, the
proportion of B220 T cells in the spleen was also maintained in
Growth and lifespan of MRL/Ipr mice fed with control and LC-injected mice, while these T cells vigorously expanded in
LC-containing diets saline-injected mice. In contrast, LC injection slightly decreased
MRL/Ipr mice were allowed to take control diet or LC diet after the the proportion of B220 T cells in MLN (Fig. 3). The proportion of
weaning time. The content of LC in the LC diet was fixed at 0-05%CD4 CD8™ T cells in the spleen of LC-injected mice was also
(w/w), because commercially available dairy products usuallylower at 16 weeks old than that of saline-injected mice (data not
contain lactic acid bacteria at 0-05% in weight. Changes of bodwshown).
weight were almost comparable between control and LC groups
(Fig. 1a). Mice in the control group started to die at 9 weeks old andmmunological function of macrophages and T cells in saline- and
half of them died by 34 weeks. In contrast, the onset of death wagC-injected MRL/lpr mice
delayed by ingesting LC diet and the mean survival time of LC-fedin order to examine the immunological competence of freshly
mice (47 weeks) was significantly longer than that of control miceisolated macrophages and T cells in saline- and LC-injected MRL/
(Fig. 1b;P<0-05). Ipr mice, total RNAs were extracted from peritoneal adherent cells
The T cell constitution in various lymphoid organs was (PC), NY-passed fraction of splenocytes (including Cz2lls by
analysed at 22-24 weeks old when LC-fed mice started to dieg6-5+ 3-0% in saline-injected mice and by 84:%-7% in
Ingestion of LC diet tended to reduce the proportion of B240  LC-injected mice, respectively), and MLN cells of MRL/Ipr
cells in both spleen and MLN, although the T cell constitution mice at 12 and 16weeks old, and then reverse transcriptase
in Peyer's patches was not affected by LC ingestion (Fig. 2).(RT)-PCR analysis was carried out. The amount of IL-6 mRNA
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Fig. 3. Immunofluorescence analysis of peritoneal adherent cells (PC), splenocytes (SP), and mesenteric lymph node cells (MLN) prepared frdnac@albesilars caseLC)-injected MRL/Ipr mice at 12
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Fig. 4. Reverse transcriptase-polymerase chain reaction (RT-PCR) analysis of cytokine mRNA expression in macrophages and T cells from
saline- ) or Lactobacillus case(LC)-injected @) MRL/Ipr mice. The relative intensity of each lymphokine bangiactin band is shown.

As the data on mice at 12 and 16 weeks old were indistinguishable, all the results obtained in five experiments (peritoneal adherent cells and
nylon (NY)-passed splenocytes) and three experiments (mesenteric lymph node (MLN) cells) were collected.

in PC was consistently reduced by LC injection, while the relativecoexistence of immunoregulatory macrophages induced by LC
intensity of mMRNAs of IL-B3, TNF« and TGF8 in PC was injection. To address this issue, NY-adherent cells were removed
comparable between saline- and LC-injected groups. LC injectiorirom splenocytes and the proliferative response of NY-passed
did not change the amount of IL-2, IFi-and IL-4 mRNAs fraction was measured. NY-passed fraction of splenocytes from
expressed by splenic T cells, but IL-10 mRNA expression bysaline- and LC-injected MRL/Ipr mice proliferated similarly when
splenic T cells was slightly reduced by LC injection. In contrast, stimulated by either ConA or immobilized anti-TCR MoAbs
MLN cells from saline- and LC-injected mice expressed compar-(Figs 5 and 6a).
able amounts of IL-2, IFNy, IL-4, and IL-10 mRNAs (Fig. 4). Immunofluorescence analysis of NY-adherent cells revealed
The effect of LC injection on the proliferative capacities of that the proportion of I-ACD11b" cells was more in LC-injected
peripheral lymphocytes in MRL/lpr mice was examined at mice than in saline-injected mice (Fig. 6b). Furthermore, NY-adherent
12 weeks old when the prevention of lymphadenopathy by LCcells from LC-injected mice down-regulated the proliferation of
injection began. Splenocytes from LC-injected mice cultured in theNY-passed cells more efficiently than the counterparts from saline-
presence of Con A, LPS, PWM, or immobilized anti-TCR MoAbs injected mice when added at the ratio of 20% (Fig. 6c¢).
exhibited markedly lower proliferative responses than those from
saline-injected mice. In contrast, MLN cells from saline- and LC- Macrophage progenitors in bone marrow of saline- and LC-
injected MRL/Ipr mice proliferated equivalently in response to injected MRL/Ipr mice
these stimuli (Figs 5 and 6a). Finally, we investigated the effect of LC injection on a pool size of
We checked the possibility that hyporesponsiveness of splemacrophage progenitors in the bone marrow. Saline-injected MRL/
nocytes in LC-injected MRL/lpr mice may have been due to thelpr mice included 4—% 10*M-CFC per femur when they were

-

Total splenocytes Total MLN cells NY-passed splenocytes

LPS ’H

PWMFOi

3H-TdR incorporation (ct/min, x 10%)

Fig. 5. Proliferative response of splenocytes and mesenteric lymph node (MLN) cells from sal)ne-l(actobacillus case{LC)-injected
() MRL/Ipr mice. Cells were cultured in the absence or presence of concanavalin a (Cag/#lh, lipopolysaccharide (LPS;g/ml), or
pokeweed mitogen (PWM; 0-2%) for 48 h and pulsed with@Bof *H-thymidine for the last 8 h. Data show mears.d. of triplicate wells.
The results represent one of three experiments.
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Fig. 6. Down-modulation of the proliferative response of splenic T cells by nylon (NY)-adherent celld #iombacillus caselLC)-injected
MRL/lpr mice. (a) Proliferative response of total and NY-passed splenocytes to immobilized anti-T cell receptgs pl@Ranti-TCR

MoAbs. (b) Immunofluorescence analysis of NY-adherent splenocytes from saline- and LC-injected MRL/Ipr mice. (c) Effect of addition of
NY-adherent splenocytes on anti-T@RIus anti-TCR MoAb-triggered proliferation of NY-passed splenocytes.

from 8 to 16weeks old. LC injection increased the number of B220" DN T cells expanding in MRL/lpr mice express large

M-CFC by 1-5-1-7-fold during the period tested (Fig. 7). amounts of IFNy mRNA, and analysis of MRL/Ipx [FN-y ™/~
mice or MRL/Iprx IFN-yR™'~ mice revealed that IFN-is critical
DISCUSSION in the development of nephritis in MRL/Ipr mice [3—5]. However,

LC injection did not affect the transcription of IFi-gene by T
The results of this study show that ingestion of a diet containing LCcells in MRL/Ipr mice, although administration of LC prolonged
prolongs the lifespan of MRL/Ipr mice and tends to prevent thethe lifespan of MRL/Ipr mice and prevented the expansion of
expansion of B220 T cells. Intraperitoneal injection of LC into B220" DN T cells. Therefore, the therapeutic effect afforded by

MRL/lpr mice down-modulated the proliferative capacities of | C in MRL/Ipr mice should not be caused by the down-modulation
splenocytes and arrested the accumulation of B2ROI T cells
with increasing I-A” macrophages and M-CFC. As hyporespon-
siveness of splenocytes in LC-injected MRL/Ipr mice was reversed
by removal of NY-adherent cells, we propose that LC accelerates
the recruitment of macrophages and then prevents the massive 12~
expansion of B220 DN T cells in MRL/Ipr mice. =
Generation of macrophages in MRL/Ipr mice is already accel-2 10
erated in liver, spleen, and bone marrow at 4 weeks old when thex
signs of autoimmune disease are not discernible [10]. Additionally, 5
most peritoneal macrophages in MRL/Ipr mice express I-A/l-E g 8
molecules [6,7], and the production of inflammatory cytokinesS
(IL-18, IL-6, TNF-a) is augmented in MRL/Ipr mice [9,23,24]. & 6l
Injection of LC into BALB/c mice induces the increase of M-CFC s
and enhances I-A expression on macrophages [17-20,25]. Ii5

14~

contrast, injection of LC into MRL/Ipr mice induced the accumu- © ar
lation of I-A™ macrophages in the peritoneum and spleen together
with the increment of M-CFC. Therefore, IFAmacrophages 21

are activated in response to LC to express I-A [17], but'l-A
macrophages decline and may be replaced by hfacrophages
newly generated from M-CFC after LC injection. Moreover, the
finding that the amount of IL-6 mMRNA by peritoneal adherent cells
in LC-injected MRL/Ipr mice was consistently less than that in Age (weeks)

control mice indicates that I-A expression and IL-6 production by _. . .
macrophages may be closely related in MRL/Ipr mice. However, itF'g' ! quargement of & pool size of mf'mmphage COI(.)n.y'f(.)rm'ng cells
. . M-CFC) in the bone marrow biactobacillus case{LC) injection into

is unclear whether LC Car_] decrease IL-6 MRNA expresspn b RL/lpr mice. Bone marrow cells from the femur were cultured in
I-A™ macrophages or LC induces I-Anacrophages expressing semisolid agar medium containing M-CSF for 7 days and the numbers of
IL-6 mRNA at lower level. colonies formed were counte®, Saline;®, LC.
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of IFN-y gene expression by T cells. In contrast, LC injection
reduced IL-10 mRNA expression by splenic T cells. In passing,
B220" DN T cells but not CD4 T cells from MRL/Ipr mice
express IL-10 mRNA [3]. Since LC injection decreased the
proportion of B220' DN T cells in the spleen, it is likely that the
reduction of IL-10 mRNA in total splenic T cells from LC-injected
MRL/Ipr mice is due to the decrease of the relative ratio of B220
DN T cells. Taking all data together, we assume that LC injection
into MRL/Ipr mice prevents the expansion of B22DN T cells,
leaving their capacities to express lymphokine genes unaltered.
Do macrophages induced by LC injection prevent the expan-
sion of B220" DN T cells? As the incubation of splenic T cells
from MRL/Ipr mice in the presence of L{ vitro did not decrease
the proportion of B220 T cells (M. Miyashita, unpublished data),
it is unlikely that LC prevents the expansion of B22DN T cells
directly. We have previously shown that LC injection into BALB/c

mice induces an increase of Maé-macrophages in the spleen, 10

and bone marrow-derived Mact2nacrophages generated in the
presence of CSF-1 down-modulate the growth of Meth A tumour
cells [25]. Recently, it has been reported that Maa2acrophages
from tumour-bearing mice induce the loss of GD8olecule in T

cells and block antigen-triggered T cell proliferation [26,27]. 11

Although the antigens recognized by B22DN T cells in MRL/

Ipr mice are still undefined, it is possible that they may be activated
through TCR-mediated pathwayvivo and vigorously proliferate
without apoptosis in MRL/Ipr mice. This dysregulated proliferation
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modulating TCR-triggered proliferation of T cells. LPS-activated 14 Mihara M, Ohsugi Y. Autoimmune kidney disease in MRL/Mp-Ipt/lpr

macrophages secrete®), which down-modulates the expression
of CD3¢ molecule in T cells [27,28]. Whether macrophages

mice inhibited by OK-432, a streptococcal preparation. Clin Exp
Immunol 1989;78:102-7.

induced by LC injection in MRL/Ipr mice prevent the proliferation 15 Hecht M, Miler M, Lohmann-Matthes M-L, Emmeridier A. In vitro

of B220" DN T cells in the same way remains to be elucidated.
In this study we show that LC manifests a therapeutic effect on

MRL/Ipr mice through modulating the recruitment of macro-

phages. Other investigators have tried to rescue MRL/Ipr mice

and in vivo effects of pentoxifylline on macrophages and lymphocytes
derived from autoimmune MRIpr/lpr mice. J Leuk Biol 1995;
57:242-9.

16 Kato I, Yokokura T, Mutai M. Macrophage activation bgctobacillus

caseiin mice. Microbiol Immunol 198327:611-8.

from autoimmune disease by neonatal thymectomy, injection ofi7 kato I, Yokokura T, Mutai M. Correlation between increase in la- bearing

anti-Thy-1.2 MoAb, or treatment with FK506 [2,12,13]. These T

macrophages and induction of T-cell-dependent antitumor activity by

cell-specific treatments and LC injection exert therapeutic effects Lactobacillus caséh mice. Cancer Immun Immunother 1928,215-21.
in a totally distinct way and may act synergistically. Our experi- 18 Yokokura T, Nomoto K, Shimizu T, Nomoto K. Enhancement of
ments suggest that LC in dairy products is worth investigating as a hematopoietic response of mice by subcutaneous administration

potential autoimmune disease modifier in man.

of Lactobacillus caseilnfect Immun 198652:156—60.
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