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ABSTRACT

Beige mice (bg/bg) have many functional defects in their leukocytes
and these phenotypes are inherited autosomal recessively. We studied
the tumor cytotoxicity of polymorphonuclear leukocytes (PMN) obtained
from bgjbg. The intensity of tumor cytotoxicity of PMN induced by linear
/3-l,3-r>glucan was significantly higher in bg/bg PMN than in PMN of
heterozygous control mice (bg/+). To analyze this phenomenon more
precisely from the genetic viewpoint, we determined the tumor cytotox
icity of PMN from mice obtained by several mating experiments, (a) The
intensity of linear /9-1,3-D-glucan-induced PMN cytotoxicity was found
to be genetically defined and linked completely with the beige gene. In
litter mates obtained from *#/+(?) x bg/bg(6), bg/bg(9) x bg/+(<S),and
/>A'/+(V)x bg/+(a) mating, PMN from only bg/bg showed significantly
higher tumor cytotoxicity than those from bg/+ or mice that do not
possess the beige gene (+/+). (b) The tumor cytotoxicity induced by
other stimulants (phorbol myristate acetate and cytokines) was not
significantly higher in bg/bg than bg/+ or +/+ PMN. It was concluded
that the high responsiveness to linear 0-1,3-D-glucan in terms of tumor
cytotoxicity of PMN was determined by the locus that is linked to the
beige gene and is expressed autosomal recessively.

INTRODUCTION

Beige mice (bg/bg), spontaneous mutants of C57BL/6 mice,
are characterized in appearance by beige-colored hair and the
phenotypes linked to the beige gene are inherited autosomal
recessively (1). Since bg/bg mice were recognized as a mouse
model of Chediak-Higashi syndrome by morphological char
acteristics and functional defects in their leukocytes, they have
attracted the attention of many workers. A characteristic ab
normality of leukocytes of bg/bg is the presence of large azur-
ophilic granules in almost all granule-containing cells, espe
cially in granulocytes. As functional abnormalities of the leu
kocytes, decreased chemotactic and bactericidal activities of
PMN3 have been reported (2). In addition to these functional

defects in the PMN, low natural killer cell activity of bg/bg has
also been reported (3, 4), and bg/bg have frequently been used
for the functional analysis of natural killer cell activity in vivo
and in vitro (5-7). Furthermore, low responsiveness in the
induction of cytotoxic T-lymphocytes in bg/bg was recently
reported (8). As mentioned above, abnormalities of chemotaxis
and phagocytosis of PMN of bg/bg have been well studied and
these defects are ascribed to the functional abnormality of the
microtubules (9, 10), impairment of the formation of phagoly-
sosomes (11), and defects in some lysosomal enzymes (12, 13).

Tumor cytotoxicity of PMN has been reported by several
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workers (14, 15), and recently Lichtenstein reported the possi
bility of a role of PMN in tumor rejection in the tumor-bearing
host treated with Corynebacterium parvum (16, 17). The au
thors have studied the tumor cytotoxicity of PMN, especially
that induced by cytokines (NAF) (18-22). Recently Morikawa
et al. reported that mouse PMN showed very high tumor
cytotoxicity when they were stimulated in vitro with several
immunomodulators (TAK, BCG, Zymosan-A, Propionibacter-
ium acnes, and Nocardia cell wall skeleton) (23, 24). However,
it can be stated that the fundamental study of tumor cytotoxicity
of PMN was started very recently, and important problems
such as the genetic background of tumor cytotoxicity of PMN
still remain to be solved. For this reason, to elucidate the
mechanisms of tumor cytotoxicity of PMN, it seems important
to study the tumor cytotoxicity of PMN whose function is
genetically impaired. In the present study, we determined the
tumor cytotoxicity of PMN obtained from bg/bg. Contrary to
our expectations, we found that TAK-induced tumor cytotox
icity of PMN from bg/bg was significantly higher than that of
PMN from heterozygous control mice (bg/+) or mice not
possessing beige gene (+/+)> thus demonstrating a linkage of
the high responsiveness of PMN to TAK with the beige gene.

MATERIALS AND METHODS

Culture Medium and Reagents

The following culture media and reagents were purchased: MEM
and RPMI 1640 medium (Nissui Pharmaceutical Co., Tokyo, Japan);
newborn calf serum (Mitsubishi Chemicals, Tokyo, Japan); Ficoll 400
(Pharmacia Fine Chemicals, Uppsala, Sweden); sodium metri/onte
32.8% W/V (Nyeegaard & Co., Oslo, Norway); proteose-peptone
(Difco Laboratories, Detroit, MI); ACS-II and [3H]Urd (Amersham

Japan, Tokyo, Japan); Con A, scoporetin, horse radish peroxidase, and
bovine catalase (Sigma Chemical Co., St. Louis, MO); Rosenthal's

inhibitor (Calbiochem Behring Co., La Joua, Ã‡A);and dimethyl sulf-
oxide (VVakn Pure Chemical Industries, Osaka, Japan). Streptococcal
preparation (OK432) was supplied by Chyugai Pharmaceutical Co.,
Tokyo, Japan.

Reagents that induced PMN cytotoxicity are described later.

Animals and Tumor Cells

Animals. Beige mice (bg/bg), homozygotes of the autosomal recessive
beige gene, and hÃ©tÃ©rozygotesof beige gene (bg/+) were kindly donated
by Dr. M. Nakagawa (NIH, Tokyo, Japan). These mice were bred in
the Laboratory Animal Center of our university under specific patho
gen-free conditions. Mating was mainly carried out between bg/+(9)
and bg/bg(S) mice by continuous brother-sister mating. For genetic
analysis, we also used litter mates obtained by bg/bg($) x bg/+(S) and
*Â£/+($)x bg/+(S) mating. Specific pathogen-free C57BL/6 and ddY
mice were purchased from Shizuoka Agricultural Co. (Shizuoka, Ja
pan). Six- to 12-week-old mice were used in all experiments. Usually,
PEC from six to 10 age- and sex-matched mice were pooled. For genetic
analysis, PEC from individual mice were also used.

Tumor Cell Lines. As targets of tumor cytotoxicity, tumor cells RL<51
(lymphoma induced by radiation in BALB/C mice), MM46 (sponta
neous breast cancer in C3H/He mice), and YAC-1 (T-cell lymphoma
induced by Moloney leukemia virus in A/Sn mice) were used. These
tumor cells were maintained in cell culture with RPMI 1640 medium
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supplemented with 10% newborn calf serum, 100 jig of streptomycin
per ml, 100IU of penicillin-G per ml, and 25 HIMof 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (complete medium).

Preparation of PMN

PMN were obtained from PEC. Quantities (4 ml) of 3% proteose-
peptone were injected i.p. into mice 14 h before peritoneal lavage, and
the same dose of proteose-peptone was injected 2 h before lavage as a
booster. The peritoneal cavity of each mouse was washed twice with 6
ml of MEM. PEC from six to 10 mice were pooled and washed once
with MEM, then suspended in 5 ml of MEM and placed on 5 ml of
Ficoll-metrizoate density solution in an 18- x 100-mm glass tube.
(Ficoll-metrizoate density solution was prepared by stirring a mixture
of 5 g of Ficoll 400, 41.5 ml of 32.8% W/V sodium metrizoate, and 72
ml of distilled water for 48 h.) The cell suspensions were centrifuged at
900 x g for 30 min at 4Â°C.After centrifugador), macrophage- and

lymphocyte-rich cell suspensions were recovered from the interface
layer, and PMN from the bottom layer. After the tube was drained by
aspiration it was rinsed twice, with care not to break the PMN pellets
at the bottom, in order to eliminate contamination by nucleated cells
other than PMN attached to the inner walls. The pellets were aspirated
with a Pasteur pipette, washed twice with MEM, and suspended in
complete medium. When PMN were contaminated with a large number
of RBC, we did not use the suspension. When PMN were contaminated
with a small number of RBC, we used the suspension after lysing RBC
with Tris-buffered ammonium chloride solution. One to 2 x IO7PEC

per mouse were obtained. The percentage of PMN in PEC was found
to be 80-85% by May-Giemsa staining. After purification of the Ficoll-
metrizoate density solution, the percentage of PMN increased to 93-
94% and the yield (after purification/before purification) was 50-60%.

Reagents That Induce PMN Cytotoxicity

Linear 0-1,3-D-glucan isolated from Alcaligenes faecalis var IFO
13140 (TAK) was kindly supplied by Takeda Pharmaceutical Co.
(Osaka, Japan). BCG was purchased from Nippon BCG Co. (Tokyo,
Japan). Zymosan-A, /3-glucan from barley, LPS from Escherichia coli,
and (PMA) were purchased from Sigma. The method of preparing NAF
was reported previously (18-20). Briefly, ddY mouse spleen cells in
complete medium were incubated for 48 h at 37Â°Cwith 5% CO2-95%

air in the presence of 2.5 jig of Con A per ml. After incubation, the
suspensions were centrifuged at 1200 x g for 10 min, and supernatants
were obtained as Con A sup. As another NAF source, ddY mouse
spleen cells in complete medium were incubated under the same culture
conditions in the presence of 5.0 /Â¿gof a streptococcal preparation
(OK432) per ml, and the supernatant was obtained in the same manner
(OK sup). These supernatants containing NAF were passed through an
HA Millipore filter (Millipore Japan Co., Tokyo, Japan) and stored at
-40Â°Cuntil used.

Tumor Cell Cytolysis Assay

Tumor cell cytolysis was determined by the [3H]Urd release assay. A
96-well microculture plate (NUNC; Roskilde. Denmark) was used.
Target cells were labeled with 5 Â¿iCiof [3H]Urd per ml in a plastic
culture bottle at 37'C, in 5% CO2-95% air, for 4 h. The labeled cells
were washed twice with complete medium and seeded at 2 x IO4cells/

well. PMN and stimulants at various concentrations were added to the
wells. (TAK, BCG zymosan-A and /3-glucan from barley were suspended
in complete medium. PMA was dissolved in dimethylsulfoxide and
diluted with complete medium.) The total volume of each reaction
mixture (PMN, target cells, and a stimulant) was 200 Â«I.The reaction
mixtures were incubated for 18 h in an atmosphere of 5% CO2-95% air
at 37Â°C.After incubation, 100-j/l samples of the supernatant were

harvested. The PMN cytolytic assay with NAF used as a stimulant of
PMN was described previously (18). Briefly, Con A sup or OK sup was
added to a PMN suspension in a 96-well microculture plate and the
mixture was incubated for 3 to 4 h in a CO2 incubator at 37Â°C.The

suspensions were then washed twice to eliminate the supernatant and
labeled target cells were added to the suspensions. After 36-48 h
incubation, 100 //I samples of the supernatant were harvested. PMN

cytolysis induced by LPS was assayed in the same manner as NAF-
induced PMN cytotoxicity. Supernatants from each experiment were
mixed with 1 ml of ACS-II solution in a counting vial and the radio
activity was counted with a liquid scintillation counter (Rackbeta 1216;
LKB Wallac, Turku, Finland). All experiments were carried out in a
duplicate manner. The percentage of specific lysis was calculated by the
following formula: % specific lysis = (cpm of experimental group -
cpm of spontaneous release)/(cpm of maximum release - cpm of
spontaneous release) x 100. Maximum release was obtained by the
addition of l N HC1.

TAK-induced 11;O:Generation by PMN

Generation of H2O2 by PMN was measured as described by Root et
al. (25). Briefly, 1 ml of 6 ^M scoporetin, 1 ml of 66 nM horse radish
peroxidase, 0.5 ml of TAK, and 0.5 ml of PMN suspension (5 x IO6
cells/ml) were mixed and incubated for 1 h at 37Â°Cin a water bath.

Extinction was then measured with a fluorescence spectrophotometer
(Hitachi 204-R; Hitachi Co., Tokyo, Japan).

Statistical Methods

Statistical analysis was performed with Student's t test.

RESULTS

TAK-induced Tumor Cytotoxicity of PMN in Beige Mice.
PMN of beige mice were isolated from PEC as described in
"Materials and Methods," and the tumor cytotoxicity of the

PMN was determined in vitro. Fig. 1 shows the tumor cytotox
icity induced by 50 pg of TAK per ml in bg/bg and bg/+ PMN.
The intensity of TAK-induced tumor cytotoxicity by PMN from
bg/bg was significantly higher than that of PMN from bg/+.
No cytotoxic effect of TAK on the target cells was observed.
We repeated the same experiment five times and obtained the
same results. Since pooled PMN were used in the experiment
described in Fig. 1, then the tumor cytotoxicity of PMN ob
tained from individual mice was also determined (Fig. 2). The
number of PEC obtained from a single mouse was so small that
purification of PMN from PEC was very difficult. Therefore,
we used PEC (% PMN, was 85%) as a source of PMN. A
preliminary experiment showed that the TAK-induced tumor
cytotoxicity of purified PMN in an 18-h cytolysis assay was
almost the same as that of PEC. Therefore, in this system, any

100|-
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Fig. I. TAK-induced tumor cytotoxicity of PMN. PEC obtained from six bg/
bg and six bg/+ were pooled, and the PMN were separated. The PMN were
stimulated with 50 ^g of TAK per ml. |3H]Urd-labeled RUJI cells were used as
target cells. After incubation for 18 h, the supernatant was harvested and the
percentage of specific lysis was calculated, bg/bg nonstimulated (O). bg/+ non-
stimulated (D), bg/bg stimulated (â€¢),bg/+ stimulated (â€¢).
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Fig. 2. TAK-induced PMN cytotoxicity of individual mice. Six bg/bg or six
bg/+ in each group were used. PEC from individual mice were stimulated with
100 /ig of TAK per ml. [3H]Urd-labeled RIxJI cells were used as target cells. After

incubation for 18 h. the supernatant was harvested. The symbols show the mean
tumor cytotoxicity of six mice and the vertical line shows mean Â±SD of these
groups, bg/bg nonstimulated (O), bg/+ nonstimulated (O), bg/bg stimulated with
TAK (â€¢),bg/+ stimulated with TAK (â€¢).PMN from bg/bg showed significantly
higher tumor cytotoxicity than bg/+ (P < 0.01, E/T = 12, 6, 3; P < 0.05, E/T =
25, 1.5).

Table 1 Dose response of TAK-induced PMN cytotoxicity according to the
concentration of TAK

Pooled PMN from six bg/bg, six bg/+, and six +/+ (C57BL/6) were stimulated
with various doses of TAK. [3H]Urd-labeled Kl <Ã®lcells were used as target cells.

Tumor cytotoxicity was obtained after 18 h of incubation.

% Specific Lysis (E/T)
Exp. 1 Exp. 2

Dose ofTAK(-)50

ng/ml100

f/t;'"I200

ng/mlMicebg/bg*Â«/++/+bg/bgbg/++/+bg/bgbg/++/+bg/bgbg/++/+120.92.53.472.725.311.079.344.835.476.661.358.161.91.42.181.923.916.873.547.824.774.157.357.031.84.22.385.212.28.980.928.114.775.837.234.312-5.1-4.6-3.378.365.846.389.381.587.490.386.381.76-3.5-5.1-4.391.650.357.084.586.190.997.993.789.63-4.4-5.2-4.986.421.529.191.956.552.292.592.572.6

influence of contaminating macrophages and lymphocytes were
negligible (data not shown). Fig. 2 shows that the difference in
tumor cytotoxicity between bg/bg and bg/+ PMN distinctly
outweighs the differences between individual mice. Similar re
sults were obtained the other five times. Next, we determined
the effect of the dose of TAK on tumor cytotoxicity in PMN
from bg/bg, bg/+, and +/+ (Table 1). At low concentrations of
TAK, PMN of bg/bg showed significantly higher tumor cyto
toxicity than those of bg/+. However, at high concentrations
of TAK, the difference in the intensity of PMN cytotoxicity
between bg/bg and bg/+ decreased and in some experiments,
as shown in Table 1, Exp. 2, bg/+ showed high tumor cytotox
icity similar to that of bg/bg. Thus, it was presumed that the
difference in tumor cytotoxicity between bg/bg and bg/+ PMN
was due to the difference in their responsiveness to TAK.
Similarly, PMN of C57BL/6 mice (+/+), the parental strain of
bg/bg and bg/+, were also examined for the tumor cytotoxicity
induced by various doses of TAK. The intensity of TAK-induced
cytotoxicity of +/+ PMN was almost the same as that of bg/+
PMN. Accordingly, it was presumed that the high responsive
ness of PMN to TAK is linked to the autosomal recessive beige
gene.

Relation of the Intensity of TAK-induced PMN Cytotoxicity
to Beige Gene. As it has been reported that bg/bg is a point
mutation of chromosome 14, so the difference between bg/bg
and bg/+ is thought to be a result of the beige gene. However,
it must be considered that any other gene might be contami
nated during maintenance of the strain, so we determined the
tumor cytotoxicity of PMN from individual litter mates ob
tained from several mating combinations. Fig. 3 shows the
TAK-induced PMN cytotoxicity of litter mates obtained from
bg/+($) x bg/bg(a) mating, the mating which is usually used in
the maintenance of these strains. As in the experiment shown
in Fig. 2, the number of PEC obtained from one mouse was so
small that we used PEC as the PMN source. In these litter
mates, PMN of bg/bg showed significantly higher tumor cyto
toxicity than those of bg/+. In litter mates obtained from bg/
bg(9) x bg/+(a) mating, PMN of bg/bg also showed higher
tumor cytotoxicity than those ofbg/+ (data not shown). In bg/
+(9) x bg/+(<3) mating, bg/bg, bg/+, and +/+ are born in a
1:2:1 ratio, respectively. TAK-induced PMN cytotoxicity of
individual litter mates obtained from bg/+(9) x bg/+(a) mating
is shown in Fig. 4. Heterozygous mice (bg/+) and normal mice
(+/+) were indistinguishable in appearance. As in the above
two experiments, in this experiment, only bg/bg showed higher
TAK-induced PMN cytotoxicity than bg/+ or +/+. Further
more, we did the same experiments with other target cells,
YAC-1 and MM46 (Fig. 5). Beige mice showed higher TAK-
induced PMN cytotoxicity than bg/+. When compared with
other strains of mice (C3H/He, DBA/2, BALB/C, BALB/C-
nu/nu, ICR, and DBA/2 x C57BL/6 F,), bg/bg showed the
highest PMN cytotoxicity (data not shown). From these results,
it was concluded that the high responsiveness to TAK in terms
of tumor cytotoxicity is linked to the autosomal-recessive beige
gene.

Time Course of TAK-induced PMN Cytotoxicity. To deter
mine whether the significantly higher tumor cytotoxicity of
PMN from bg/bg than from bg/+ observed in the above exper-

Â£50-
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Fig. 3. TAK-induced PMN cytotoxicity of litter mates obtained from *Â£/+(?)
x bg/bg(<5)mating. PEC from each of six litter mates obtained from 6g/+(9) x
bg/bg(Â¿)mating, three bg/bg and three bg/+, were stimulated with 50 fig of TAK
per ml. [3H]Urd-labeled RLdl cells were used as target cells. After incubation for
18 h, the supernatant was harvested. Nonstimulated PEC showed almost no
significant tumor cytotoxicity in any mice, bg/bg group (open symbols), bg/+
group (closed symbols). In all E/T ratios shown in this figure, bg/bg showed
distinctly higher tumor cytotoxicity than bg/+ (P < 0.01).

4844

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/18/4842/2428502/cr0470184842.pdf by guest on 19 M

ay 2023



TUMOR CYTOTOXICITY OF PMN IN BEIGE MICE

ioor

0.75 1.5 12.5 25

Effector to Target Cell Ratio

Fig. 4. TAK-induced PMN cytotoxicity of litter mates obtained from *Â«/+(?)
x bg/+(<3) mating. Eight mice obtained from bg/+(9) \ bg/+(Â¿) mating, two bg/
bg and six black mice (bg/+ or +/+), were used. PEC from each mouse were
stimulated with SOng of TAK per ml. After incubation for 18 h, tumor cytotoxicity
was determined. Nonstimulated PEC revealed almost no significant tumor cyto
toxicity in any mice, bg/bg group (open symbols), bg/+ or +/+ group (closed
symbols). At E/T = 3 to 25, PMN from bg/bg showed significantly higher tumor
cytotoxicity than those from black mice (P < 0.01, E/T = 6, 12, 25; P < 0.05,
E/T = 3).

S, 50

3 6 12.6

E/T Ratio
1.5 3

E/T Ratio

Fig. 5. TAK-induced PMN cytotoxicity for different target cells: A, target
YAC-1; ÃŸ,target MM46. Pooled PMN obtained from six bg/bg and six bg/+
were stimulated with 100 /ig of TAK per ml. Tumor cytotoxicity was determined
by 18-h cytolysis assay, bg/bg nontreated (O), bg/+ nontreated (D), bg/bg stimu
lated with TAK (â€¢),/ii,"+ stimulated with TAK (â€¢).

iments was caused by the earlier appearance of cytotoxicity
during incubation in bg/bg PMN than in bg/+ PMN, the time
course of TAK-induced tumor cytotoxicity of bg/bg PMN was
compared with that of bg/+ PMN. There was no difference in
the time course of PMN cytotoxicity between the two strains
(Fig. 6). Significant cytotoxicity first appeared after 8 h of
incubation in both bg/bg and bg/+ PMN, and after that the
PMN of bg/bg showed significantly higher cytotoxicity than
those of bg/+ at every time point.

Tumor Cytotoxicity of PMN from Beige Mice Induced by
Other Stimulants. PMN of bg/bg and bg/+ were examined from
tumor cytotoxicity induced by PMA. The intensity of tumor
cytotoxicity of PMN of bg/bg was not significantly different
from that of bg/+ (Fig. 7A). PMN tumor cytotoxicity induced
by cytokines (NAF) was also determined. Con A sup-induced
PMN cytotoxicity of bg/bg was almost the same as that ofbg/+
PMN (Fig IB). When OK sup was used as another NAF source,

50-

12
Incubation ( hr )

Fig. 6. Time course of the induction of TAK-induced cytotoxicity of bg/bg
and bg/+ PMN. Pooled PMN obtained from six bg/bg and six bg/+ were
stimulated with 100 >igof TAK per ml. The E/T used in this experiment was 10.
KI ,'l cells were used as target cells, bg/bg nontreated (O), bg/+ nontreated (O),

bg/bg stimulated with TAK (â€¢),bg/+ stimulated with TAK (â€¢).

100,-

"50

30

20

0
12.5 25 12.5 25

E/T Ratio E/T Ratio
Fig. 7. Tumor cytotoxicity of PMN stimulated with PMA and cytokine. A,

pooled PMN obtained from six bg/bg and six bg/+ were stimulated with 250 ng
of PMA per ml. [3H]Urd-labeled Rl -'I cells were used as target cells. Tumor
cytotoxicity was tested by 18-h cytolysis assay. B, PMN were stimulated with a
1:2 dilution of Con A sup for 3 h and then washed. [3H]Urd-labeled RLal cells
were added as target cells. Tumor cytotoxicity was tested by 40-h cytolysis assay.
bgjbg nonstimulated (O), bg/+ nonstimulated (D), bg/bg stimulated (â€¢),bg/+
stimulated (â€¢).

tumor cytotoxicity of bg/bg PMN was almost the same as that
of bg/+ PMN. When PMN were stimulated by BCG and ÃŸ-
glucan from barley, the intensity of tumor cytotoxicity of PMN
of bg/bg was significantly higher than that of bg/+ PMN,
similar to TAK-induced tumor cytotoxicity of PMN. However,
when PMN were stimulated by Zymosan-A and LPS, the
intensity of tumor cytotoxicity of bg/bg PMN was almost the
same as that of bg/+ PMN (data not shown).

Inhibition of TAK-induced PMN Cytotoxicity by Catatase.
Morikawa et al. reported that TAK-induced tumor cytotoxicity
of PMN is completely inhibited by low doses of catalase of
C3H/He mice (23, 24). Also in our experiment, the TAK-
induced tumor cytotoxicity of both bg/bg and bg/+ PMN was
completely inhibited by 100 U of catalase per ml (Fig. 8).
Furthermore, the TAK-induced tumor cytotoxicity of PMN of
both bg/bg and bg/+ was also inhibited by Rosenthal's inhibitor

of phospholipase-A2 (data not shown). These results suggest
that the mechanisms of tumor cytotoxicity of PMN obtained
from bg/bg and bg/+ do not differ from each other. The amount
of H2O2 generated by stimulation with TAK was greater in bg/
bg PMN than in bg/+ PMN, suggesting that the difference in
the intensity of TAK-induced PMN cytotoxicity is due to the
difference in the amount of 11.â€¢().>generated by stimulation with
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Fig. 8. Inhibition of TAK-induced PMN cytotoxicity by catalase. Pooled PMN
from bg/bg and bg/+ were stimulated with 100 ng of TAK per ml, and 100 U of
catalase per ml was added. After I8-h incubation, the supernatant was harvested
and tested for the tumor cytotoxicity. bg/bg stimulated with TAK (â€¢),bg/+
stimulated with TAK (â€¢).bg/bg stimulated with TAK and catalase was added
(O), bg/+ stimulated with TAK and catalase was added (D).

TAK. On the other hand, the amount of H2O2 generated by
stimulation with PMA was almost the same bg/bg and bg/+
PMN (data not shown).

DISCUSSION

The present study clearly demonstrates that in bg/bg, which
have leukocyte abnormalities, tumor cytotoxicity of PMN stim
ulated with certain immunomodulators was significantly higher
than that ofbg/+, +/+, and all other strains of mice examined,
and that the mechanisms regulating the intensity of TAK-
induced tumor cytotoxicity of PMN is completely linked with
beige gene and inherited autosomal recessively.

First, we must discuss whether the tumor cytotoxicity re
ported in this paper is completely due to PMN or not. Can the
tumor cytotoxicity be caused by contaminating cells like mac
rophage? This possibility may be negligible for the following
reasons, (a) By using a discontinuous gradient of Percoli (26),
PMN suspension with purity more than 98.5% could be ob
tained. When PMN obtained from the same PEC with a Percoli
discontinuous gradient and with a Ficoll-metrizoate gradient,
no difference was found in the intensity of TAK-induced tumor
cytotoxicity. (The yield of PMN was less than 30% with Percoli
purification, but that was 50-60% with Ficoll-metrizoate puri
fication. Therefore, we usually used the latter method.) (b)
Mononuclear cell suspensions obtained from the interface layer
in the Ficoll-metrizoate separation procedure showed almost
no significant tumor cytotoxicity after stimulation with TAK.
(c) Peritoneal macrophages obtained by i.p. injection of pro-
teose-peptone 96 h before peritoneal lavage showed only a low
degree of tumor cytotoxicity after stimulation with TAK. In an
18-h cytolysis assay specific lysis by macrophages was at the
most less than 30% and the E/T dependency of tumor cytotox
icity was different from that of PMN (23). When PMN were
stimulated with TAK, maximal tumor cytotoxicity was obtained
at E/T = 6 or 12 and, at an E/T higher than 12, the tumor
cytotoxicity of PMN decreased with the increase in E/T. How
ever, when macrophages were stimulated with TAK, the inten
sity of tumor cytotoxicity increased with the increase in E/T
until the ratio reached 50. Moreover, the intensity of TAK-
induced tumor cytotoxicity of the bg/bg macrophage was almost

similar to that in the bg/+ macrophage (1-3).4 For these rea

sons, we believe that the tumor cytotoxicity shown in this paper
is the cytotoxicity of PMN.

That an animal with certain immunological defects shows
enhancement of other immune functions is well known, as in
the phenomenon that athymic nude mice show enhanced NK
activity and enhanced bactericidal activity of macrophages and
PMN (27, 28). It is likely that these phenomena represent a
compensation of immunological defects by other immune sys
tems. The results reported in this paper may be considered
from this point of view.

In discussing the reasons why PMN from bg/bg show higher
TAK-induced tumor cytotoxicity than those from bg/+, the
mechanisms of TAK-induced PMN cytotoxicity should be the
first consideration, (a) In bg/bg and bg/+ PMN, TAK-induced
cytotoxicity was completely inhibited by low doses of catalase
(Fig. 8); (b) The kinetics of TAK-induced tumor cytotoxicity by
bg/bg PMN was similar to that of bg/+ PMN (Fig. 6), and the
kinetics observed in the present study were similar to that of
H2O2-mediated tumor cell lysis by PMN (23, 24); (c) The
amount of H2O2 generated by PMN by stimulation with TAK
was greater in bg/bg than in bg/+ (data not shown). In consid
eration of the earlier findings by Morikawa that H2O2 is a main
mediator in TAK-induced tumor cytotoxicity of mouse PMN
(23, 24), our results suggest that the effector mechanisms of
TAK-induced PMN cytotoxicity in bg/bg and bg/+ do not
differ from each other and that the higher response of bg/bg
PMN might be mainly due to the greater amount of H2O2
released from PMN stimulated with TAK.

The next problem to be discussed is the reason why the
intensity of mouse PMN cytotoxicity induced by PMA and
Zymosan-A, whose effector molecules have been reported to be
mainly H2O2 (23, 24), did not differ in bg/bg and bg/+ PMN,
whereas TAK-induced cytotoxicity was higher in bg/bg than in
bg/+ PMN. The biochemical pathway of PMN cytotoxicity
induced by certain stimulators can be divided into two parts:
first, ligand-receptor interaction on the PMN cell membrane
and consequent coupling mechanisms; and second, the pathway
of production and release of effector molecules. The genetically
determined higher TAK-induced cytotoxicity of bg/bg PMN
may be due to a stronger ligand-receptor interaction in these
mice. Although the existence of a receptor for 0-1,3-D-glucan
on PMN has not yet been proven, it has been reported that a
receptor for 0-1,3 glucan on macrophages plays an important
role in phagocytosis (29). The expression of a receptor for ÃŸ-
1,3-D-glucan in terms of its number and/or affinity on PMN
may be regulated by a beige-linked gene. This assumption may
be supported by the present findings that responsiveness of
PMN to another ÃŸglucan from barley was significantly higher
in bg/bg than in bg/+. Preparation of a labeled 0-1,3-o-glucan
may provide an answer to this problem.

Another possibility is that the difference between bg/bg and
bg/+ depends on an abnormal metabolic pathway similar to
that reported in PMN from patients with Chcdiak Higaslii
syndrome (30, 31). It has been reported that the activity of the
pentose-phosphate shunt is higher in patients with Chediak-
Higashi syndrome than in healthy persons. As the pentose-
phosphate shunt is an important pathway that provides
NADPH to the pathway synthesizing active oxygens, it is
possible that the increased activity of pentose-phosphate shunt
increases the following production of active oxygens. This
possibility could explain why the intensity of tumor cytotoxicity

4 S. Fukase, unpublished data.
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induced by NAF and LPS, which are nonoxidative,5 in bg/bg

PMN is not different from that in bg/+ PMN. However, it
cannot explain why the intensity of the tumor cytotoxicity
induced by PMA and Zymosan-A, which are thought to be
oxidative like TAK, of bg/bg PMN is similar to that of bg/+
PMN. Taken together, these observations suggest that the
difference in the pathway preceding the system of production
of active oxygen defines the difference in TAK-induced tumor
cytotoxicity between bg/bg and bg/+ PMN.

The reason why the intensity of BCG-induced cytotoxicity of
bg/bg PMN was higher than that of bg/+ PMN is far from
clear, inasmuch as BCG consists of a mixture of heterogeneous
substances.

The genetic control of the immune response seems to be one
of the most important problems in host defense mechanisms,
and extensive studies have been done on genetic regulation of
functions of lymphocytes and macrophages. However, little is
known about the genetic control of PMN functions. The results
of the present study clearly indicate the genetic control of
responsiveness of PMN to certain substances, and suggest the
importance of genetic study of PMN functions for the general
understanding of this cell.
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