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Abstract: In order to study the pathogenesis efautoimmune disease, serum M--CSF levels were

measured by soft agar method in autoimmuae MRLIIPr, B><SB,C3Hlipr, C3Hlgld, NZBfW Fl mice

as well as control MRLIn, C3HfHej, BALBIc mice. Circulating levels of M-CSF were higlaer in

MRLIlpr, CSHIipr and C3Hlgld mice than control mice, indicating the contribution ofthe ipr and

gld genes. The number of macrophage precursor cell in the spleen was also higher in MRLIIPr,

mouse tkan MRLIn mouse. H[owever, there were no dif'ferences in Ia-positive macrophages from

the bone marrew or spleen between liigh M-CSF grottp and low M-CSF group.
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INTRODUCTION

  MRLIlpr aBd gld mice aye spontaneous

murine models of human autoimmune dis-
eases such as SLE (Systemic Lupus Erythema-

tosus) or RA (Rheumatoid Arthritis)i>.

Accuimulated iltfiltration of macrophages in

the lesioms caused by glemerulonephritis,

arthritis and arte}'itis have beeR reported as a

characteristic histologtcal features of these

mice2). So far varieus studies have demons-

trated abltermal levels of cytokines iR this

model, including low productioR of IL-2 (In-

terleukiB 2) and low reactivity to IL-23'4),

impaired productioB of IL-l5) (IRterle"kiR l)

high levels of I-BCDF6) (ipr-B Cell Differeiktia-

tioR Factor) altd high levels of serum IL-67)

(Interleukin 6). M-CSF is present in synovial

fiuid aBd culture supeylta£ant of synovial tissue

from patient with RA8), suggesting that mac-

rephage activation is a primary eveRt in RA.

The presen£ study has a£tempted to study the

serum Ievel of M-CSF in these autoirfimtme

mice to explaiR these features.

         MATERIALS AND METHODS
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CS,F Assaly;

  Bone marrow cells we}"e obtained from the

feinm" of C57BL16N male mice (Charles River

Japan, Inc., KaRagawa, Japan) 8-12 weeks of

age. BoRe marrow cells (1×1OP) were pla£ed in

l ml McCoy's 5A medium (Gibco, GraRd
Island, NY, U.S.A.) coRtaining O.3 % soft agar

(Difeo, Detroit, MI, U.S.A.) aBd 20% heat

inactivated FCS (Flow Laboratories, McLean,

Va, U.S.A.) IR 35 mm plastic petri dishes

(Falcon, Nippon BectoR Dickinsoi} Co., Ltd.,

Fukushima, Japan) with O.1 ml of sample

serum, 100 ttlml penicilliR and 50 paglml

streptomycin. After the agar was solidified, the

plate was iRcubated at 370C in a humidified

7.5% of C02 atmosphere for 7 days. Over 50

cells were counted as a colony uncler an

iBverted microscope. One ultit of CSF was
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defined as one coloay and CSF activity was

expressed as URitslml. Assay were performed

iR triplicate.

  AtIeast500 cells per slide were differentially

counted under a microscope after the gel was

transferrecl to a glass plate aRd dried and

stained with Papanicolaou's stainiRg.

  CSF subclass specific activity was exarr}ined

by incubating samples for 2 hours a£ room
temperature before assay with goat anti-

mtirine M-CSF antiserum, kindly provided by

Dr. E.R. StaRley, Albert EiRstein College of

Medicine, New York, normal goat serurn or

rabbit anti murine GM-CSF (Granulocy£e-
,Macrophage Colony Stimulating Factor) anti-

sera, kindly given by Dy. T. Sudo, Biomaterial

Research Institute Co., Ltd., Yokohama,

Japan, or normal rabbit serum.

  Spon£aneous CFU-C (Colony Forming Unit
in Culture) of bone marrow or spleen cells

from MRVipr or MRLIn mouse were similarly

cot}nted, usikg I×10`'lml of bone marrow cells

or 1×1061ml of spleen cells.

  The number of precursor cells of rnac-
rophagtie lineage (CFU-M) in the bone marrow,

or spleen of MRLIipr or MRLIn mice was

examiRed by incubating 5×1041ml of boRe

marrow cells or 5×leblml ofspleen cells in a

O.3% agar pla£e with 2000 u. of rM-CSF
(Genzyme Co. Cambridge, MA, U.S.A.) fbr 7

days in a humidified 7.5% C02 atmosphere.

Mice

  MRVipr mice were origiRally purchased

from the JacksoR Laboratory, Bar Harbor,

MaiRe, U.S.A., and maintained in our specific

pathog(]lt free animal facilities. MRLIn mice

were originally a gift frorr} Dr. C. Abe,JgnteR-

do University, Tokyo, Japall and siinilarly

maintained. C3H!gld and BXSB ry}ice were
originally gifts frora Dr. A. Matsuzawa aRd Dr.

T. Katagiri, Tokye University, Tokyo, JapaR

and maintained as abeve.

  Sera from NZBIW FI mice of different ages

aRd sexes were a girt from Prof. T. Shirai,

Juktendo University, Tokyo,JapaR. Sera from

C8Hlipr mice were gifts from Dr. M. Nose,

Tohokzi University, SeRdai, Japan. BALB/c

aRd C3H/Hej mice were purchased from SLC,

Hamamatsu, Japan.

  The experiment was performed in accord-

ance with the Guidelines fer Animal Experi-

ments, Yamanashi Medical University.

Serum

  Blood from the retroorbital plexus of mice

uRder ether aResthesia, was placed for 30

mii}utes at room temperature, then moved to

40C for 2-3 hours. The serum was separa£ed
by ceRtrifugation and stored at -200C uRtil

use.

Flozvaytomet7y

  Spleen and bone marrow cells of MRL/ipr,

MRLIn ancl C3HIHej mice were stained eithey

with anti-Mac I or Mac-2 or Mac-3 monoclonal

antibody (Boehringer Mannheim Biochemica,

Mannheim, Germany) or Rorrnal rat IgG
toge£her with biotin-anti--lak moi3oclonal a}3ti--

body (Melji Institu£e of Health Science, Tokyo,

JapaR) or biotiR con.jugated nermahznouse IgG

followed by FITC-labeled anti-Rat IgG
(TAGO, Inc., Gurlingame, CA, U.S.A.) and

avidin PE (Becton DickiRson Japan Co.,
Tokyo, Japan). Two color fiowcytometry was

performed by using an EPICS Profile (Coulter

Co., Hia}eah, FI, U.S.A.).

Statistics

  S£atlstical differences were calculated usiRg

unpaired S{uden£'s t test aRd p values below

O.05 were coRsiderecl significant.

               REsuLTs

Serzc7n CSF Levels

  As showR in Fig. I, the average CSF levels in

sera of male and female MRLIipr mice were

2683±2100 (unitslml±SD) aRd 9483±1850
respectively. The latter vLJas significai}tly higher

than that in the male (p<e.OOI) at 7-9 months

of age. Those of n}ale and female MRL/n mice

were le31±I880 and 2343±I812 Lmits/ml.
Both male and female MRLIipr mice had
sigRificantly higher CSF activity than the con-

trol congenic MRLhz mice (p<O.OOOI).
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Fig. 1. CSF assay ofsera from various stralns of male an d female mice at different ages.
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  The levels in normal BALB!c mice were

419±213 in male and 587±2I7 in female
respectively.

  The male (p<O.03) and female (p<O.OOOI)

MRLIipr and the female (p<O.03) MRLIn mice

had significaRtly higher levels of CSF than that

of BALBIc [r}ice. Autoimmune BXSB male and

female mice had levels of 2688±le48 and

3607±1443 respectively: Both were signi-
ficantly higher than those ef BALB!c mice

(p<O.OOOI, p<O.OOOI).

  The female BXSB level was significantly less

than that of MRL/ipr female (p<O.O04).

  Autoimmvine male and female C3Hlgld mice

had levels of 1469±1}52 and 2705±2555
respectively, whereas, those of congenic male

aRd female C8HIHej mice were l9I6±803 and

2905±1584 respectively. Thus, gld mice had
significantly higher CSF levels over 9 months

than congenic males (p<e.O15), female C8Hl

Hej (p<O.e11), as well as BALBIc males over 7

moRths old (p<O.eeOl), females younger than

4 meRths (p<O.Ol9) and females older than 7

meBths (p<O.O05).

Table l. Differential CSF assays ofserum from various strains of mice were

perfbrmed under a microscope after Papanicolau's staining. CSF

was classified as macrophage (M) or granulocyte-macrophage
(GIM) or granttlocyte colonies G)

Strain Sex No Femur
        1106BMC IFemur

(× 103)

Spleen
fl06sc ISpleen

(× 108)

MRLIipr

mean±SD

Ml    2
    3
    4
    5

l846
l780

1614
1720

2154

  33.4

  26.3

  26.3

  31.l

  83.2

30.1rk3.5

700
53.S

62.0

69.4

69.3

  6.6

  5.2

  6.I

  7.7

  7.9

6.7 ± 1.1

MRLIn

mean ±SD

M l

2

3

4

5

2S06
2180
1900
l634

2554

  29.I

 41.4
  S4.6

  275
  39.8

345±6.2

72.0

 8.4*

S5.4

39.4

72.7

 4.4
 O.I2*
  2.4

  2.8

 4.3

3.5±10

MRL/ipr

mean±SD

F 1

2

s

4

5

6

7

1380
l`llrlO

1830

1390
1590
1880

1490

  25.0
  2 1.7

  28.4

  18.2

  24.8

  27.3

  20.1

23.6±3.8

le2.7

092.0

158.0

079.3

086.0

1l5,3

088.7

 15.8
  l1.7

  17.0

 08.7
 08.7
  l1.4

  18.0

I2.3 ± 3.2

MRLIn

mean±SD

F 1

2

3

lllO

I400

l258

  14.2

  25.9

  20.2

2G1±8.3

72.0

32.7

52.4

  6.1

  2,7

  4.4

4.4±2.4

BMC: Bone Marrow Cell, SC: Spleen Cell
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  The gld female had sigkificantly Iower CSF

levels than MRLIipr female mice (p<O.e04).

There weye no significant differences betweeg

BXSB and gld mice of both sexes.

  Autoimmune rnale and female NZBIW FI

mice had CSF levels ef 756±230 and
1260± 484 respectively. Thus, compared nor-

rnal C3HIHej, the levels of CSF were signi-

ficantly lower in both sexes ultder 4 months old

(p<O.O'02, p<O.OOOI). However, the male
NZBIXV FI mice had higher levels of CSF than

the normal C3H!Hej moL}se(p<O.O05).
Howevver, there were no significaRt differences

to normal BALBIc mice.

  Thus, the MRLIipr mice had the highest

levels of CSF aRd BXSB and C8H!gld were the

next. Autoimmune NZB/W FI mice had
almost same level as normal BALBIc mice.

Generally, females had a higher titer than

males. Pregnant mice were notincluded in this

study, which were reported to have high titers

of Mi-CsF9･iO>.

SPonta'neous CFU-C

 The numbers of spoittaneous CFU-C iR
spleeR or boRe marrow cells were all e in

MRL14Pr and MRL/n mice, indicating that

precursor cells in the boRe marrow or spleeR

cannot differentiate in vitro without M-CSF.

The INM'Ju77zber of Preczersor Cells in The Bone

Marrooo or SPIeen from MRLIipr or MRLIn mice

  As shown in Table l, in the spleens of bot}}

males (p<O.O03) altd females (p<O.OOI5) the

numb¢]r of precursors were significantly high-

er iB the MRLI(Pr mice than iR the MRLhz

rr}ice. AmoRg the former mice, females had

higher r}uEnbers thaR males (p<O.O04). These

phene mena corresponded with the circulatiRg

M-CSF level.

The iptr Gene

  The iprcongenic C3Hlipr male's and females

over 8 months old had CSF levels of
4840± 2980 and 4138±2128 respectively. Nor-

mal C3HIHej rnales and females had levels of

l916± 808 and 23I8±l739 respectively, which

were significaRtly lower (males, p<O.Ol and

females, p<O.031). Thus, the ipr gene may

Table 2. Goat anti-mouse M-CSF, or rabbit anti-

mouse GM-CSF sera, or normal goat or
rabbit sera were added to L-929 con-
ditioned medium or mouse GM-CSF or
MRLIipr mouse serum, then colony
formation was assayed

Mouse Strain  Age       Sex(month)

Colony type (%)

M GIM G

MRLIipr 4
7

7

8

8

9

9

M
M
F'

M
F

M
F

97

74
74

80
79

76

69

e

l2

}5

l6

5

l6

10

3

l4

ll

14

16

8

21

MRUn 4

8

8

9

F

M
F
F

95
1OO

1OO

1OO

5

o

o

o

e

o

o

o

C3HIHej n 1

1

8

8

M
F

M
F

98
97

89

94

2

3

8

o

o

o

3

6

C3H!ipr 4.5

8

8

9

9

10

IO

ll

F

M
F

M
F

M
F

F

80
92
75

84
87

80
76
78

13

8

22
ll

11

i2

I5

ll

7

o

3

5

2

8

9

ll

gld 4

7

7

8

10

11

F

M
F

F

M
F

88

91

94

92

93

85

10

9

5

6

2

IO

2

o
1

2

5

5

BXSB I.5

4

4

5

6

7

7

8

8

F

M
F

F

M
M
F

M
F

69

68

82

76

77

83

83

65
67

12

ll

11

12

IO

}o

6

18

17

l9

21
7

l2

13

7

11

I7

I6

NZBIWFI 1

}
M
F

82

72

6

l6

12

l2
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rrable 3. Bone marrow spleen cells, 5xl04 or 5×le61ml respectively were
incubated in triplicate with rM-CSF 2000 u. iR O.3% soft agar for 7

days in a humidified 7.5% C02 atmosphere. The result is expressed as

the mean±SD. excluded from the resu}t

L-929CM
 (O.5%)

mGM-CSF
 (100U)

MRLIipr
(2.5%)

medium

Anti-mM-CSF serum
(×2,OOO dilution)

8±2 l45±4 22±1 4±I

Normal
(× 2,oeo

goat serum
dilution)

I72±15 149±6 170±15 3±l

Anti-mGM-CSF
(×100 dilution)

serum l26 ! 3 6±2 116±13 5!l

Normal rabbit

(×100 dilution)
serum 155 ! l1 146±15 144±12 5±1

anti-mM-CSF +
anti-mGM-CSF serum

ND ND ll±S 5±1

NGS + NRS ND ND 17I±6 4±1

contribute to upregi.ilate CSF activity, although

the detailed mechanism remains unknowR.

The Dominant CSF

  As shown in Table 2, the majority of the

colonies are of macrophages. To confirm the

specificity, goat anti-mouse macrophages CSF

antiserum was added to MRLIipr mouse seya

and the CSF level was assayed. As a ceRtrol,

ltormal goat serum was added at the same
dilution.

  As shown in "I"able 3, aRti-macrophage aRti-

sera abrogated 87% of the CSF ac£ivity of

MRLIipr mouse serum compared with normal

goat serum. Thus, most of the CSF derived

from MRLIipr mouse serum is considered to be

M-CSF.
Ia-Positive MacroPhages LIS"onz SPIeen and Bone

Marrow in Various Strains of Mice

  There were i}o sigRificant diffei'ences ii} the

percentage of Ia positive macrophages fyom

spleen aRd bone mai"row cells among MRLIipr,

MRLIn, C8Hl gld, and BALBIc mice, usiRg
moBec}onal anti-Ia, Mac-1, 2, and 8 antibodies

(data not shown).

DIscussloN

  M-CSF premotes the growth and dif-
ferentiation of bone marrow progenitor cells

of mononuclear phagocytic liikeage and can

stimulate the prolifeyation of mature mac-
rophages via specific cellular receptorsii).

Here, we report that the serum level of M-CSF

in MRLIdy is higher than that of MRLIn and

also that C3Hlip7" is higher than that of C3H/

Hej mice, indicatiRg the coRtribution of the lpr

geRe to elevated circulatiRg M-CSF.

  However, Yui et al.i2) reported that the (Pr

gene is not the cause of the elevated serum

M-CSF level, based oR the fact that there was

no increased CSF activity in the sera of C3H/ipr

aRd B61ipr mice in comparison with coRtrol

C3HIHej aRd B6-+1+ mice, respectively.
Their assay systeria was basically the same as

ours, which was based on tke colony formatioR

of bone marrow cells on soft agar. The only

difference is that they used bone mar}'ow cells

of ma}e C3HIHeN mice whe}-eas we used those

of male C57BL16N mice. Thus £ke reason foy
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this discrepaRcy remains unknown.

'The ipr gene codes for an aberrant Fas
antige n on the cell surface which allows cells to

escape apoptosisi3). So far, no da£a have

suggegted that escaped unusual T cells in

swollen lyiAph nedes provide CSF. Thus, the

relation between the aberrant Fas antigen and

increased M-CSF remains unkRowR.
  Here we also reported the elevated ck'culat-

ing M-CSF in the autoimmune C3HIHej-

gld/glel mouse compared wi£h C8HIHej mice
for the first time, indicating the coRtribution of

the gld geRe. The gld geRe codes the aberraBt

Fas ligand and thus iRduces the sarne autoim-

m£me symptoms as the ipr geitei4).

  Here, iR regards to M-CSF too, it is of

notable that both genes express the same

feature,

  Recently the Fas ligand gene has been
clonedi5) akd the precise nature of the aberra-

tion in the gld geRe has beeR clarifiedi6).

However, the findlng that circulating M-CSF

was not increased iR other autoimmuRe mice

such as NZB!W FI and BXSB, suggests that

elevated circulatiRg M-CSF is Rot a common

feature of autoimmune disease. Our report
supports the data of Dang-Vu et al.i7) who

found an increased number of peri£oReal
macrophages, ii3creased function of ADCC

and increased production of hydrogeA perox-

ide in the MRLIipr mouse in coinparison with

centrol C3HIHeN mice.

  Expanded macrophage precursor poptila-

tions in BXSB mice have been reported by
Vieten et al.i8). They claimed that this could be

the cause of the peripheral moAocytosis which

was previously reported by Wofsy et aLi9) as a

characteristic feature ef this mouse. However,

our data revealed only moderately elevated

CSF in the serum of the BXSB mouse. Irhus

aRothei' mech4nism may exist.

  Alo ng the same lines of evidence, Mti11er et

al.20> have reported that the numbers of both

macrophages aRd rcacrophage precgrsors in

the Iivei' aRd spleeR are inci"eased in NZBIW

FI and MRLIipr mice. IR om- study the M-CSF

level in the serum was elevated more in

MRLIipr thai} in MRLIn mice and our data

conc"rs with their finding of increased mac-

rophage precursors. Howeve}", the level of

serum M-CSF in the NZBIW FI mouse was
low, which is somexNihat controversial. "I'hus, it

is possible that in the NZBIW FI mouse, there

are more M-CSF receptors per cell, that they

are more sensitive, or that other regulatory

mechanisms exist. For example, Shieh et al.L'i>

reported that the M-CSF receptor is dowi}

modulated by TNFev. Thus, the different level

of TNF-cr may infit}ei}ce the effect of M-CSF.

Thus, more studies, especially of the M-CSF

receptor in autoimmune mice, are required for

further clarification.

  About the source of M-CSF, Hora et al.22)

reported that IgG cornplexes could activate the

synthesis of M-CSF ilt mouse rnesangial cells.

SiRce these autoimmune mice have high levels

of circulating immune complexes iR sera, the

mesangial cells of these autoimmune mice may

be stimulated by irnmuRe cemplexes to secrete

high levels of M-CSF. The same group also

reported that TNF-ev also increased M-CSF
production in mesangial cells23).

  In the MRL!ipr mouse, spon£aneous produc-

tioR of TNF-ev by Kupffer cells has been

repo}'ted by Magilavy ai}d Ro£hstein24), Bos-

well et al25), which supports this notion.

  There are mo differences between autoim-

mune and normal mice with regard to splenic

and bexxe marrow derived Ia posi£ive mac-
rophages, as yeportedL'6'27). The yeason why

macrophage activation is limited to the peri-

toneum is uRkBown, and requires f}.}rther
study.
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