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MITF is a transcription factor encoded by themi locus. MITF encoded bymi andMior mutant alleles (mi-MITF and
Mior-MITF, respectively) possessed an inhibitory effect, whereas the tg, miew and mice were null mutants. We
examined the cytotoxic activities of cultured mast cells (CMCs) and natural killer (NK) cells of various MITF
mutants in C57BL/6 (B6) background. Cytotoxic activities of CMCs and NK cells of B6-mi/mi and B6-Mior/Mior

mice were remarkably reduced. In B6-tg/tg, B6-miew/miew and B6-mice/mice mice, however, the cytotoxic activity
of CMCs was reduced only slightly and the NK activity was normal. The cytotoxic activity of CMCs paralleled
with the expression level of granzyme B (Gr B) mRNA, and the NK activity with that of perforin (Pfn) mRNA. In
contrast to the case of B6-mi/mi mice, cytotoxic activities of CMCs and NK cells were not impaired in WB-mi/mi
mice. The expression of Gr B mRNA was not reduced in CMCs of WB-mi/mi mice, and that of Pfn mRNA was not
reduced in NK cells of WB-mi/mi mice. WB-mi/mi mice appeared to have factor(s) compensating for the
inhibitory effect of mi-MITF on the expression of Gr B and Pfn genes.
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The mouse mi locus encodes a transcription factor
belonging to the basic-helix–loop–helix–leucine
zipper family (MITF).1,2 The mi is the first found
mutant allele encoding an abnormal MITF (mi-
MITF),3,4 in which one out of four consecutive
arginines is deleted in the basic domain.5,6 The Mior

allele encodes another mutant MITF (Mior-MITF), in
which one of four above-mentioned arginines in the
basic domain changes to a lysine.5,6 The reported
phenotypes of Mior/Mior mice were comparable to or
a little less severe than those of mi/mi mice in
C57BL/6 (B6) genetic background.7,8

Mice of tg/tg genotype are null mutants at the mi
locus, a condition that was produced by transgene
insertion into the 50 flanking region of the mi gene.9

Both B6-tg/tg and B6-mi/mi mice share a lot of
abnormal phenotypic features, such as microphthal-
mia, white coat color and decreased number of mast
cells.3,4,10–13 However, they were clearly distinguish-
able from each other at least in the following three
respects: B6-mi/mimice showed osteopetrosis,3,4 the

lack of cytotoxic activity of cultured mast cells
(CMCs),13 and that of natural killer (NK) cells.14 On
the other hand, B6-tg/tg mice did not show osteope-
trosis,15 and NK cells and CMCs of tg/tgmice did not
show the decreased cytotoxic activity.13,14 The
osteopetrosis and deficient cytotoxic activities of
B6-mi/mi mice appeared to result from the inhibi-
tory effect of mi-MITF.16

In the previous studies, we used mutant mice of
mi/mi, Mior/Mior or tg/tg genotype in B6 genetic
background. The effects of miew and mice mutations
on phenotypes of CMCs were also investigated in B6
background.17,18 The miew mutant allele encodes the
MITF without most part of the basic domain,5,17 and
the mice mutant allele encodes the MITF without
most part of the zipper domain.5,18 No significant
differences were observed in phenotypes of B6-tg/tg,
B6-miew/miew and B6-mice/mice CMCs.17,18 Therefore,
the miew and mice were considered to be null
mutations.16 Previously, we showed the normal
cytotoxic activity of B6-mice/mice CMCs.18 In the
present study, we extended this and confirmed that
deficient cytotoxic activities of both CMCs and NK
cells resulted from the inhibitory effect of mi-MITF
and Mior-MITF in the B6 genetic background.

We reported that an appreciable expression of
granzyme B (Gr B) is necessary for the cytotoxicity of
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CMCs,13 and that of perforin (Pfn) for the cytotoxi-
city of NK cells.14 CMCs of B6-mi/mi mice showed
a deficient expression of Gr B gene,13 and their
NK cells showed a deficient expression of Pfn
gene.14 We showed these results only in B6
genetic background. Recently, we found that the
effect of MITF on gene expression of mast cells was
different between mice of B6 genetic background
and mice of WB genetic background.19 WB strain
was originally produced by Russell et al20,21 to
prolong the longevity of the anemic and mast cell-
deficient W/W mice. Mice of WB strain are usually
used for the study of mast cells. The expression of
mouse mast cell protease (mMCP)-2, mMCP-4,
mMCP-5 and Gr B genes was reduced in B6-mi/mi
CMCs but not in WB-mi/mi CMCs, when compared
with that of þ /þ mice of each strain.19 Since the
expression of Gr B was not deficient in WB-mi/mi
CMCs, we examined in the present study the
cytotoxic activity of their CMCs. We also examined
the NK activity and the expression of Pfn gene in
spleen cells of WB-mi/mi mice. We found and report
here that mi-MITF did not inhibit cytotoxic activ-
ities of CMCs and NK cells in the genetic back-
ground of the WB strain.

Materials and methods

Mice

The origin of mutant mi, tg, Mior, mice and miew

alleles has been described previously.8,17,18 B6-mi/
mi, B6-Mior/Mior, B6-tg/tg, B6-mice/mice and B6-miew/
miew mice were produced in our laboratory in the
background of our own inbred B6 colony. They were
identified by the white coat color and small eyes.

The mi mutant allele was introduced into WB
strain by repeated backcrosses.19 WB-mi/þ mice
used in the present experiment were at 9th to 11th
generations of the backcross. (WB�B6) F1

(WBB6F1)-mi/mi mice were obtained by mating
between WB-mi/þ and B6-mi/þ mice. Mice of
mi/mi genotype of each strain were identified by the
white coat color.

Cells

YAC-1 cells were obtained from American Type
Culture Collection (Bethesda, MD, USA) and main-
tained in a-minimal essential medium (a-MEM; ICN
Biomedicals, Costa Mesa, CA, USA) supplemented
with 10% fetal calf serum (FCS; Nippon Bio-supp
Center, Tokyo, Japan).

Mice of 2 weeks of age were used to obtain CMCs.
Mice were killed by decapitation after ether an-
esthesia, and spleens were removed. To prepare
spleen cell suspensions, spleens were passed
through the mesh. Pokeweed mitogen-stimulated
spleen cell conditioned medium (PWM-SCM) was
prepared according to the method described by

Nakahata et al.22 Spleen cells were cultured in
a-MEM supplemented with 10% PWM-SCM and
10% FCS. Half of the medium was replaced every 5
days. More than 95% of cells contained alcian blue-
positive granules and were considered to be CMCs 4
weeks after the initiation of the culture.

In some experiments, spleen cells were obtained
24h after intraperitoneal injection of polyinosinic-
polycytidylic acid (poly I:C) (Sigma, St Louis, MO,
USA). Poly I:C (100mg) was resolved in 100 ml of
phosphate-buffered saline (PBS) and injected into
each mouse.23,24 Spleen cells were centrifuged on
Ficoll gradients (density¼ 1.077–1.080) (ICN) at
200 g for 30min, and used as spleen mononuclear
cells for the estimation of NK activity.

Cultured spleen cells were used as effector cells in
other experiments. Spleen mononuclear cells
(5� 104) were suspended in 2ml of RPMI 1640
medium supplemented with 10% FCS, 1000U/ml
recombinant mouse interleukin 2 (rmIL-2) (R&D
Systems, Minneapolis, MN, USA) and 100ng/ml
rmIL-18 (MBL Co. Ltd, Nagoya, Japan) according to
the method described by Tomura et al.25 Cells were
incubated in 24-well culture plates (Corning 25860,
Corning Glass Works, Corning, NY, USA) at 371C.
The medium was replaced after 3 days of culture.
Nonadherent cells were harvested and used 7 days
after the initiation of culture.

Cytotoxicity Assay

Cytotoxicity of CMCs, spleen mononuclear cells and
cultured spleen cells was measured as described
previously.13,14 The target YAC-1 cells (5� 106) were
labeled with [51Cr]Na2CrO4 (Amersham-Pharmacia
Biotech, Amersham Place, UK) for 2h, washed three
times and resuspended in a-MEM supplemented
with 10% FCS. The effecter cells were washed,
suspended in a-MEM supplemented with 10% FCS,
mixed with labeled YAC-1 cells (1� 104) at indi-
cated ratio and plated into 96-well microtiter plates
with round bottoms in triplicate. The cocultures
with CMCs were continued for 18h,26 and those
with spleen mononuclear cells or cultured spleen
cells for 4h,27 at 371C in a CO2 incubator. After
incubation, plates were spun at 150 g for 10min and
the radioactivity was determined in 100 ml samples
of cell-free supernatants. The radioactivity released
in the well containing YAC-1 cells alone was
designated spontaneous release (SR). The total 51Cr
release (TR) was measured by adding 0.01% Triton
X-100 to the well containing YAC-1 cells alone. The
percentage of specific 51Cr release was calculated
using the following formula: (cpm in the presence of
cytotoxic cells – SR)/(TR-SR)� 100.

Northern blot analysis

Northern blot analysis was performed according to
the standard method.28 Template complementary
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DNA (cDNA) for the probe was obtained by reverse-
transcription polymerase chain reaction (RT-PCR).
The following oligonucleotides were used for PCR:
the Gr B sense primer 50-GATTACCCATCGTCCCTA
GAGCT-30 and antisense primer 50-CATGCCCAGCT
CCAATGCAAAC-30; the perforin sense primer 50-
TGCCACTCGGTCAGAATGCAAGC-30 and antisense
primer 50-CTTCCAGTAATGTGTGCAGGGGC-30; the
b-actin sense primer 50-TAAAGACCTCTATGCCAA
CAC-30 and antisense primer 50-CTCCTGCTTGCTG
ATCCACAT-30.

Fluorescence-Activated Cell Sorting (FACS) Analysis

Spleen mononuclear cells of nontreated mice or
cultured spleen cells were washed twice with cold
PBS containing 0.5%. bovine serum albumin and
0.1% sodium azide. The cells were first incubated
with anti-NK1.1 monoclonal antibody (Pharmingen,
San Diego, CA, USA) at 41C for 30min, rinsed,
stained with fluorescein isothiocynate-conjugated
goat antimouse IgG and then analyzed by a FACScan
(Becton Dickinson, Los Angeles, CA, USA).

Morphological Examination

Spleen mononuclear cells (105) of nontreated mice
or cultured spleen cells (105) were centrifuged at
600 rpm for 5min onto microscope slides using a
Cytospin 2 centrifuge (Shandon, Pittsburgh, PA,
USA). Preparations were air-dried and fixed in
methanol and stained with 10% Giemsa solution
(Merck, Darmstadt, Germany) diluted in Tris-buf-
fered saline (pH 6.4). Large granular lymphocytes
(LGLs) were identified as being larger than small-
and medium-sized lymphocytes.14,29,30 LGLs have a
relatively high cytoplasmic-to-nuclear ratio and a
weakly basophilic cytoplasm with several of azur-
ophilic granules. Macrophages were distinguished
from LGLs on the basis of their larger size, vacuolar
cytoplasm and indented nucleus. To obtain the
proportion of LGLs, at least 1000 spleen mono-
nuclear cells were analyzed per slide and at least
200 cultured spleen cells were analyzed per slide.

Results

Cytotoxicity of CMCs

Spleen cells of B6-þ /þ , B6-mi/mi, B6-Mior/Mior,
B6-tg/tg, B6-mice/mice and B6-miew/miew mice were
cultured in the presence of PWM-SCM, and CMCs of
each genotype were obtained. The cytotoxic activity
of CMCs was evaluated by 16h coculture with 51Cr-
labeled YAC-1 cells. 51Cr release from YAC-1 cells
was used as an index of the cytotoxic activity. CMCs
of B6-þ /þ mice showed a significant cytotoxic
activity, but the cytotoxic activity of B6-mi/mi CMCs
was not detectable (Table 1). The cytotoxic activity
of B6-Mior/Mior CMCs was also severely impaired.
The cytotoxicity of B6-tg/tg, B6-mice/mice and B6-
miew/miew CMCs was reduced only slightly when
compared to the value of B6-þ /þ CMCs (Table 1).

In the next experiment, CMCs were obtained from
the spleens of WB-þ /þ , WB-mi/mi, (WB�B6) F1

(WBB6F1)-þ /þ and WBB6F1-mi/mi mice. In con-
trast to the result of CMCs derived from mice of B6
genetic background, WB-mi/mi and WBB6F1-mi/mi
CMCs did show cytotoxic activities that were
comparable to those of WB-þ /þ and WBB6F1-þ /þ
CMCs (Table 2).

Gr B and Pfn are major effector proteins of killing
activity, but the expression of Pfn mRNA was not
detectable even in B6-þ /þ CMCs. In CMCs of B6-
tg/tg, B6-mice/mice and B6-miew/miew mice, the
amount of Gr B mRNA was reduced slightly when
compared to the value of B6-þ /þ CMCs (Figure
1a). The expression of Gr B mRNA was remarkably
reduced in B6-mi/mi and B6-Mior/Mior CMCs (Figure
1a). In contrast to the case of CMCs derived from
mice of B6 background, the expression levels of Gr B
mRNA of WB-mi/mi and WBB6F1-mi/mi CMCs were
comparable to those of WB-þ /þ and WBB6F1-þ /þ
CMCs (Figure 1b).

NK Activity

Most of the B6-mi/mi, B6-Mior/Mior, WB-mi/mi and
WBB6F1-mi/mi mice die before 4 weeks of age due
to the failure of teeth eruption. On the other hand,

Table 1 Cytotoxic activity of CMCs derived from B6-+/+, B6-mi/mi, B6-Mior/Mior, B6-tg/tg, B6-mice/mice or B6-miew/miew mice

E/T ratio Specific 51Cr release (%) by 18h coculturea

B6-+/+ B6-mi/mi B6-Mior/Mior B6-tg/tg B6-mice/mice B6-miew/miew

50 3.571.9 (5)w o0.1 (5)* o0.1 (3)* 3.470.9 (4)w 3.170.2 (4)w 3.770.3 (4)w

100 14.171.8 (5)w o0.1 (5)* o0.1 (3)* 11.870.7 (4)*,w 12.471.2 (4)w 11.671.3 (4)w

250 23.471.3 (5)w o0.1 (5)* 2.772.7 (3)* 18.170.9 (4)*,w 18.271.4 (4)*,w 18.470.9 (4)*,w

E/T ratio indicates the ratio of CMCs to YAC-1 cells.
a
Mean7s.e. The number of independent assays are shown within parentheses.
*Po0.05 by t-test when compared with the value of B6-+/+ CMCs.
wPo0.05 by t-test when compared with the value of B6-mi/mi CMCs.
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mice of more than 6 weeks of age are generally used
for assessment of NK activity.31 To obtain mice of
mi/mi genotype of 6 weeks of age, we fed weaning
B6-mi/mi, B6-Mior/Mior, WB-mi/mi and WBB6F1-

mi/mi mice with powdered chow. Spleen mono-
nuclear cells derived from mice of 6 weeks of age
were used.

Intraperitoneal injection of poly I:C induces IFN-
a/b secretion, enhances the expression of Gr B and
Pfn genes in spleen cells and increases NK activ-
ity.14,23,24 Since the expression of Gr B and Pfn
mRNAs was barely detectable in spleen cells of B6-
þ /þ mice without poly I:C injection,14 we obtained
spleen cells of B6-þ /þ , B6-mi/mi, B6-Mior/Mior, B6-
tg/tg, B6-mice/mice and B6-miew/miew mice after
intraperitoneal injection of poly I:C. Mononuclear
cell fractions were taken by the centrifugation on
Ficoll gradients, and cytotoxic activity was esti-
mated by 4h coculture with 51Cr-labeled YAC-1
cells. Spleen mononuclear cells of poly I:C-treated
B6-þ /þ mice showed significant cytotoxicity
(Table 3). Cytotoxic activity of spleen mononuclear
cells of B6-tg/tg, B6-mice/mice and B6-miew/miew mice
was comparable to that of B6-þ /þ spleen mono-
nuclear cells, but the cytotoxic activity of spleen
mononuclear cells of B6-mi/mi and B6-Mior/Mior

mice was severely impaired (Table 3).
We examined the expression of Gr B and Pfn genes

in spleen mononuclear cells with Northern hybridi-
zation. After the injection of poly I:C, the expression
of Gr B mRNA was detectable in spleen mono-
nuclear cells of B6 mice of all examined genotypes
(Figure 2). However, the expression of Pfn gene was
only faintly detectable in spleen mononuclear cells
of B6-mi/mi and B6-Mior/Mior mice even after the
injection of poly I:C (Figure 2).

In the next experiment, we obtained spleen
mononuclear cells from WB-þ /þ , WB-mi/mi,
WBB6F1-þ /þ and WBB6F1-mi/mi mice with or
without poly I:C injection. The cytotoxic activity of
spleen mononuclear cells of WB-mi/mi and
WBB6F1-mi/mi mice that did not receive poly I:C
injection was comparable to that of spleen mono-
nuclear cells of the control WB-þ /þ and WBB6F1-
þ /þ mice (Table 4). The injection of poly I:C
augmented the cytotoxic activity of spleen mono-
nuclear cells of all examined mice, but no signifi-
cant differences were observed between spleen
mononuclear cells of WB-þ /þ and WB-mi/mi mice
and between those of WBB6F1-þ /þ and WBB6F1-
mi/mi mice (Table 4).

Table 2 Cytotoxic activity of CMCs derived from WB-+/+, WB-mi/mi, WBB6F1-+/+ or WBB6F1-mi/mi mice

E/T ratio Specific 51Cr release (%) by 18h coculturea

WB-+/+ WB-mi/mi WBB6F1-+/+ WBB6F1-mi/mi

50 12.670.8 (3) 11.671.0 (3) 11.371.0 (3) 9.771.3 (3)
100 17.271.0 (3) 15.071.3 (3) 14.971.2 (3) 13.971.0 (3)
250 21.771.0 (3) 20.271.3 (3) 20.071.2 (3) 18.771.2 (3)

E/T ratio indicates the ratio of CMCs to YAC-1 cells.
a
Mean7s.e. The number of independent assays are shown within parentheses. Significant difference (Po0.05 by t-test) was not detectable
between values of +/+ and mi/mi mice of the same genetic background.

Figure 1 Expression of Gr B and Pfn genes in CMCs derived
from B6-þ /þ , B6-mi/mi, B6-Mior/Mior, B6-tg/tg, B6-mice/mice,
B6-miew/miew, WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ andWBB6F1-
mi/mi mice. Expression of Gr B and Pfn genes was examined by
Northern blot. Total RNA (5 mg) was blotted and hybridized with
32P-labeled cDNA probe of Gr B and Pfn. Three independent
experiments were carried out, and comparable results were
obtained. A representative experiments is shown. (a) Expression
of Gr B and Pfn genes in B6-þ /þ , B6-mi/mi, B6-Mior/Mior,
B6-tg/tg, B6-mice/mice and B6-miew/miew CMCs. (b) The expression
of Gr B and Pfn genes in WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ
and WBB6F1-mi/mi CMCs.
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We examined the expression of Gr B and Pfn
genes in spleen mononuclear cells of WB-þ /þ ,
WB-mi/mi, WBB6F1-þ /þ and WBB6F1-mi/mi mice
with Northern hybridization. In the spleen mono-
nuclear cells derived from nontreated mice of all
groups, the expression of Gr B and Pfn mRNAs was
only faintly detectable (Figure 3). After the injection
of poly I:C, the expression of Gr B and Pfn mRNAs
was apparent in spleen mononuclear cells of all
examined groups of mice (Figure 3). No significant
differences were observed between mice of þ /þ
and mi/mi genotypes.

Spleen cells obtained from B6-þ /þ , B6-mi/mi,
WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ and WBB6F1-
mi/mi mice were cultured with rmIL-2 and rmIL-
18.25 The cytotoxicity of these cultured spleen cells
was evaluated. The cytotoxic activity of B6-mi/mi
cultured spleen cells was severely impaired when
compared to that of B6-þ /þ cultured spleen cells,
but the cytotoxic activities of cultured spleen cells
of WB-mi/mi and WBB6F1-mi/mi mice were com-
parable to the values of WB-þ /þ and WBB6F1-þ /þ
mice, respectively (Table 5).

The expression of Gr B gene was comparable
among cultured spleen cells of all B6-þ /þ ,
B6-mi/mi, WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ
and WBB6F1-mi/mi mice (Figure 4). The expression

of Pfn gene was markedly impaired in B6-mi/mi-
cultured spleen cells, but normal in WB-mi/mi and
WBB6F1-mi/mi-cultured spleen cells (Figure 4).

Phenotypes of NK Cells

We assessed the proportion of NK 1.1þ cells by the
FACScan in the spleen mononuclear cells of non-
treated mice and in the cultured spleen cells. Spleen
cells were obtained from B6-þ /þ , B6-mi/mi, WB-
þ /þ , WB-mi/mi, WBB6F1-þ /þ and WBB6F1-mi/
mi mice at 6 weeks of age. The proportion of NK
1.1þ cells was B2% in spleen mononuclear cells
derived from all examined groups of mice (Table 6).
After culture in the presence of rmIL-2 and rmIL-18,
the proportion of NK 1.1þ cells increased to 480%
of the total cells in all examined mice (Table 6).
There were no significant differences among the
proportions of NK 1.1þ cells of all examined
genotypes in the nontreated spleen mononuclear
cells and in the cultured spleen cells (Table 6). The
expression of NK 1.1 antigen did not appear to
correlate to NK activity.

Next, we determined the proportion of LGLs in
the spleen mononuclear cells of nontreated mice
and in the cultured spleen cells. The proportion
of LGLs was B1% in the spleen mononuclear cells
of nontreated B6-þ /þ , WB-þ /þ , WB-mi/mi,
WBB6F1-þ /þ and WBB6F1-mi/mi mice, and
it increased to 470% after the culture (Table 6,
Figure 5). LGLs were not detectable in spleen
mononuclear cells of the nontreated B6-mi/mi mice
(Table 6). Even after the culture of spleen cells of B6-
mi/mimice with rmIL-2 and rmIL-18, the proportion
of LGLs remained B6%, and was remarkably less
than the values observed in the cultured spleen cells
of B6-þ /þ , WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ
and WBB6F1-mi/mi mice (Table 6, Figure 5).

Discussion

Abundant mutant alleles have been reported at the
mi locus. 1,2 In addition to the loss of transactivation
ability, the MITF encoded by mi and Mior alleles (mi-
MITF and Mior-MITF, respectively) possesses an
inhibitory effect on the transcription of some

Table 3 Cytotoxic activity of spleen mononuclear cells derived from B6-+/+, B6-mi/mi, B6-Mior/Mior, B6-tg/tg, B6-mice/mice or
B6-miew/miew mice which received poly I:C injection

E/T ratio Specific 51Cr release (%) by 4h coculturea

B6-+/+ B6-mi/mi B6-Mior/Mior B6-tg/tg B6-miice/mice B6-miew/miew

10 9.270.9 (3)* 2.370.4 (3)w 1.870.3 (3)w 7.570.4 (3)* 10.871.2 (3)* 9.071.2 (3)*
40 26.371.3 (3)* 4.370.2 (3)w 3.870.7 (3)w 25.270.6 (3)* 24.271.0 (3)* 25.171.0 (3)*
75 40.771.3 (3)* 8.170.4 (3)w 7.871.0 (3)w 38.971.1 (3)* 39.571.1 (3)* 37.470.8 (3)*

E/T ratio indicates the ratio of spleen mononuclear cells to YAC-1 cells.
a
Mean7s.e. The number of independent assays are shown within parentheses.
*Po0.05 by t test when compared with the value of spleen mononuclear cells of B6-mi/mi mice.
wPo0.05 by t test when compared with the value of spleen mononuclear cells of B6-+/+ mice.

Figure 2 Expression of Gr B and Pfn genes in spleen mononuclear
cells derived from B6-þ /þ , B6-mi/mi, B6-Mior/Mior, B6-tg/tg, B6-
mice/mice, B6-miew/miew mice that received poly I:C injection.
Expression of Gr B and Pfn genes was examined by Northern blot.
Total RNA (20mg) was blotted and hybridized with 32P-labeled
cDNA probe of Gr B and Pfn. Three independent experiments
were carried out, and comparable results were obtained. A
representative experiment is shown.
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particular genes in mast cells.16 The tg,miew andmice

mutant alleles were considered to be null mutant
alleles.9,17,18 We examined the cytotoxicity of CMCs
and NK cells of these mi mutant mice in B6 genetic
background. Cytotoxicities of B6-mi/mi and B6-Mior/
Mior CMCs were significantly reduced when com-
pared with those of B6-þ /þ mice, whereas those of
B6-tg/tg, B6-miew/miew and B6-mice/mice CMCs were
reduced only slightly. NK activities of B6-mi/mi and
B6-Mior/Mior mice were remarkably impaired, but
those of B6-tg/tg, B6-miew/miew and B6-mice/mice

mice were normal. The cytotoxic activity of CMCs
paralleled with the expression level of Gr B gene,

and the NK activity with that of Pfn gene. These
results indicated that decreased cytotoxicities of
CMCs and NK cells of B6-mi/mi and B6-Mior/Mior

mice were attributable to the inhibitory effect of mi-
MITF and Mior-MITF on transactivation of Gr B and
Pfn genes, respectively.

Then, we examined the effect of mi-MITF on
cytotoxicities of CMCs and NK cells in WB and
WBB6F1 mice. In contrast to the case of B6-mi/mi
mice, the cytotoxic activity of CMCs of WB-mi/mi
and WBB6F1-mi/mi mice was not impaired. The
expression of Gr B mRNA of WB-mi/mi and
WBB6F1-mi/mi CMCs was not impaired, either.
Moreover, the NK activity and the expression of
Pfn mRNA were not impaired in spleen mono-
nuclear cells and cultured spleen cells of WB-mi/mi
and WBB6F1-mi/mi mice. Here again, the cytotoxic
activity of CMCs paralleled with the expression
level of Gr B gene and the NK activity with that of
Pfn gene.

The different effect of mi-MITF between B6 and
WB strains was firstly found in skin mast cells.19

The number of skin mast cells significantly de-
creased in B6-mi/mimice when compared to B6-þ /þ
mice. However, it did not decrease in WB-mi/mi
mice when compared to WB-þ /þ mice. The skin of
WB strain contained a larger amount of soluble
Kit ligand (KitL) that was important for the growth
of mast cells, as compared to the skin of B6
strain.19,32,33 The large amount of soluble KitL
compensated the effect of mi-MITF on the number
of skin mast cells in WB strain. The results of the
present study revealed that the expression of Gr B
and Pfn genes was reduced in B6-mi/mi mice but
not in WB-mi/mi mice. These indicated that the
factor(s) compensating the inhibitory effect of
mi-MITF on the expression of Gr B and Pfn genes
was present in mice of WB strain but not in mice of
B6 strain. In T cells, activator protein (AP)-1 and
polyomavirus enhancer-binding protein 2 (PEBP2)
are essential transcription factors for the expression
of Gr B gene.34 We previously reported that MITF

Table 4 Cytotoxic activity of spleen mononuclear cells derived from WB-+/+, WB-mi/mi, WBB6F1-+/+ or WBB6F1-mi/mi mice with or
without poly I:C injection

Poly I:C injection E/T ratio Specific 51Cr release (%) by 4h coculturea

WB-+/+ WB-mi/mi WBB6F1-+/+ WBB6F1-mi/mi

No 10 7.970.7 (3) 10.272.9 (3) 8.371.3 (4) 7.570.2 (4)
40 17.071.5 (3) 21.873.1 (3) 16.571.1 (4) 16.371.1 (4)
75 31.472.1 (3) 37.873.1 (3) 32.570.5 (4) 30.471.8 (4)

Yes 10 16.675.6 (3) 13.673.8 (3) 16.772.3 (6) 14.673.2 (6)
40 30.373.3 (3) 30.874.3 (3) 30.671.4 (6) 27.471.6 (6)
75 52.172.5 (3) 47.975.8 (3) 52.571.3 (6) 47.271.4 (6)

E/T ratio indicates the ratio of spleen mononuclear cells to YAC-1 cells.
a
Mean7s.e. The number of independent assays are shown in parentheses. Significant difference (Po0.05 by t-test) was not detectable between
values of +/+ and mi/mi mice of the same genetic background.

Figure 3 Expression of Gr B and Pfn genes in spleen mononuclear
cells derived from WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ and
WBB6F1–mi/mi mice with or without poly I:C treatment. Expres-
sion of Gr B and Pfn genes was examined by Northern blot. Total
RNA (20mg) was blotted and hybridized with 32P-labeled cDNA
probe of Gr B and Pfn. Three independent experiments were
carried out, and comparable results were obtained. A representa-
tive experiment is shown.
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interacted with AP-135 and PEBP2.36 The mi-MITF
may inhibit the function of AP-1 and/or PEBP2 in B6
mice but not in WB and WBB6F1 mice owing to the

compensating factor(s). Further analysis, including
gene chip and promoter analyses of Gr B and Pfn
genes between B6 and WB strains, could reveal
information about such factor(s).

B6-mi/mi mice showed normal NK 1.1þ

cell development but reduced NK activity. This
indicated that the mi-MITF did not affect the

Table 5 Cytotoxic activity of spleen cells of B6-+/+, B6-mi/mi, WB-+/+, WB-mi/mi, WBB6F1-+/+ or WBB6F1-mi/mi mice cultured in the
presence of mouse IL-2 and IL-18 for 7 days

E/T ratio Specific 51Cr release (%) by 4h coculturea

B6-+/+ B6-mi/mi WB-+/+ WB-mi/mi WBB6F1-+/+ WBB6F1-mi/mi

10 13.371.1 (3) 6.871.2 (3)* 12.270.8 (3) 11.070.9 (3) 14.871.1 (3) 11.971.2 (3)
40 30.671.6 (3) 10.671.0 (3)* 25.670.9 (3) 24.971.0 (3) 29.671.4 (3) 27.271.3 (3)
75 66.371.2 (3) 14.370.8 (3)* 62.970.9 (3) 61.771.2 (3) 68.471.4 (3) 66.371.3 (3)

E/T ratio indicates the ratio of spleen mononuclear cells to YAC-1 cells.
a
Mean7s.e. The number of independent assays are shown within parentheses.
*Po0.05 by t-test when compared with the value of cultured spleen cells of +/+ mice of the same genetic background.

Figure 4 Expression of Gr B and Pfn genes in cultured spleen
cells derived from B6-þ /þ , B6-mi/mi, WB-þ /þ , WB-mi/mi,
WBB6F1-þ /þ and WBB6F1–mi/mi mice. Expression of Gr B and
Pfn genes was examined by Northern blot. Total RNA (10mg) was
blotted and hybridized with 32P-labeled cDNA probe of Gr B and
Pfn. Three independent experiments were carried out, and
comparable results were obtained. A representative experiment
is shown.

Table 6 Proportion of NK1.1+ cells and LGLs in spleen mono-
nuclear cells and in cultured spleen cells of B6-+/+, B6- mi/mi,
WB-+/+, WB- mi/mi, WBB6F1-+/+ and WB B6F1-mi/mi mice

Origin of
spleen cells

Proportion of NK1.1+

cells (%)a
Proportion of LGLs (%)a

Spleen
mononuclear

cellsb

Cultured
spleen
cells

Spleen
mononuclear

cellsb

Cultured
spleen
cells

B6-+/+ 2.170.3 (3) 8272 (3) 1.370.2 (3) 7575 (4)
B6-mi/mi 1.870.3 (3) 8271 (3) o0.1 (3)* 673 (4)*
WB-+/+ 1.970.5 (3) 8273 (3) 1.070.1 (3) 7873 (4)
WB-mi/mi 2.070.3 (3) 8173 (3) 0.870.3 (3) 7474 (4)
WBB6F1-+/+ 2.170.4 (3) 8072 (3) 1.170.3 (3) 7875 (4)
WBB6F1-mi/mi 2.070.2 (3) 8172 (3) 0.970.2 (3) 7674 (4)

a
Mean7s.e. (%). Then umber of independent evaluations are shown
within parentheses.
b
Spleen cells were obtained from nontreated mice.
*Po0.01 by t test when compared with the value of +/+ mice of the
same genetic background.

Figure 5 Appearance of LGLs in cultured spleen cells derived
from B6-þ /þ , WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ and
WBB6F1–mi/mi mice, but not in those of B6-mi/mi mice. After
the culture with IL-2 and IL-18 for 7 days, spleen cells of B6-þ /þ ,
B6-mi/mi, WB-þ /þ , WB-mi/mi, WBB6F1-þ /þ and WBB6F1–
mi/mi mice were collected, stained with Giemsa solution and
examined under an optical microscope. A representative field is
shown.
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development of NK 1.1þ cells but inhibited NK
activity. Recently, several knockout mice, such as IL-
12, IL-18 and CCAAT/enhancer-binding protein g(C/
EBPg) knockout mice, have been reported to show
normal NK 1.1þ cell development but reduced NK
activity.37–39 The mi-MITF may inhibit some mole-
cules regulated by IL-12, IL-18 and C/EBPg.

The formation of cytoplasmic granules of NK cells
was severely impaired in B6-mi/mi mice, but not in
WB-mi/mi and WBB6F1-mi/mi mice. Since NK cells
of Pfn gene knockout mice had cytoplasmic gran-
ules,40 deficient granule formation in B6-mi/mi mice
was not attributable to the impaired expression of
Pfn mRNA. The NK activity and the granule
formation were impaired in mi/mi mice of B6
genetic background, but not in mi/mi mice of WB
genetic background. Since the phenotypes of
WBB6F1-mi/mi mice were similar to those of WB-
mi/mi mice, these phenotypes were inherited
dominantly.

Taken together, the impaired cytotoxic activities
of CMCs and NK cells were found only in the B6
strain, and the impairment was caused by the
presence of the inhibitory MITFs (mi-MITF and
Mior-MITF) but not by the absence of normal MITF.
The inhibitory effect of the mi-MITF appeared to be
compensated in WB strain but not in B6 strain.
Further analysis with mice of strains other than B6
and WB will be helpful in revealing the compensat-
ing factor(s) for inhibitory MITFs more precisely.
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