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A thiol proteinase inhibitor, E-64-d, corrects the abnormalities in concanavalin A

cap formation and the lysosomal enzyme activity in leucocytes from patients with

Chediak±Higashi syndrome by reversing the down-regulated protein kinase C

activity
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SUMMARY

We have reported previously that the abnormally down-regulated protein kinase C (PKC) causes cellular

dysfunction observed in natural killer (NK) cells, polymorphonuclear leucocytes (PMNs) and fibroblasts

from beige mouse, an animal model of Chediak±Higashi syndrome (CHS). Here we show that the

abnormal down-regulation of PKC activity also occurs in Epstein±Barr (EB) virus-transformed cell lines

from CHS patients. When CHS cell lines were stimulated with concanavalin A (Con A) for 20 min, the

membrane-bound PKC activity declined markedly, whereas that in control cell lines increased. We

found that E-64-d, which protects PKC from calpain-mediated proteolysis, reversed the declined PKC

activity and corrected the increased Con A cap formation to almost normal levels in CHS cell lines. We

confirmed that the dysregulation of PKC activity also occurred in peripheral blood mononuclear

leucocytes (PBMC) from CHS patients and that E-64-d corrected both the declined PKC activity and

increased Con A cap formation. E-64-d also corrected the reduced lysosomal elastase and cathepsin G

activity in CHS cell lines. In contrast, chelerythrin, a specific inhibitor of PKC, and C2-ceramide, which

promotes PKC breakdown induced by calpain, increased Con A cap formation and inhibited both

elastase and cathepsin G activity in normal cell lines. Moreover, we found that ceramide production in

CHS cell lines increased significantly after Con A stimulation, which coincides with our previous

observation in fibroblasts from CHS mice. These results suggest an association between ceramide-

induced PKC down-regulation and the cellular dysfunctions in CHS.
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INTRODUCTION

Chediak±Higashi syndrome (CHS) is a rare, autosomal recessive

disorder characterized by partial albinism, defective natural killer

(NK) activity and abnormal intracellular protein transport to, and

from the lysosome [1±4]. There is no specific treatment, and most

patients succumb to frequent bacterial infections and an associated

lymphoproliferative disorder. Many patients with CHS die young,

unless they undergo bone marrow transplantation.

The beige mouse has been used as an animal model of CHS.

The clinical and pathological features of CHS and beige mouse

are very similar. Recently, the human CHSCI and beige genes

were cloned, and pathological gene mutations were identified by

two groups [5±7]. The sequence of human cDNA is homologous

to beige mouse, and bg maps on proximal mouse chromosome 13

within a linkage group conserved with human chromosome 1q42±

q43 [8]. The mutations of CHSCI gene were identified in CHS

patients [9].

Protein kinase C (PKC) is a Ca21, phospholipid-dependent,

serine/threonine protein kinase and plays an essential role in

intracellular signal transduction for various cell functions [10]. It

is known that phorbol esters such as phorbol 12-myristate 13-

acetate (PMA) activate PKC and cause a translocation of PKC

from the cytosolic to the membrane fraction [11,12]. After the
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translocation, PKC is known to be proteolysed by calpain, which

is a Ca21-dependent thiol proteinase, to an inactive form [13]. We

have reported previously that PKC activity was abnormally down-

regulated in NK cells, polymorphonuclear leucocytes (PMNs) and

fibroblasts from beige mice [14±16].

Meanwhile, ceramide has been recognized as an important

second messenger in intracellular signalling [17,18]. We have

reported recently that ceramide promotes calpain-mediated down-

regulation of PKC in murine PMNs [19]. In leucocytes from CHS

patients, sphingomyelin (SM) hydrolysis was reported to be

accelerated [20]. Recently, we reported that ceramide levels which

are produced by SM hydrolysis are increased in fibroblasts from

beige mice compared with normal mice and that the increased

ceramide causes PKC breakdown [16]. Thus we were tempted to

examine whether increased ceramide is associated with the

pathogenesis of CHS.

We have also demonstrated that the abnormalities of

concanavalin A (Con A) cap formation and NK activity in beige

mice were recovered by treatment of cells with a potent inhibitor

of calpain [14,21]. In the present study, we examined whether the

abnormal down-regulation of PKC activity was seen in peripheral

blood mononuclear leucocytes (PBMC) from CHS patients and

Epstein±Barr (EB) virus-transformed B-lymphocyte cell lines

derived from CHS patients. We report here that PKC activity is

abnormally down-regulated in PBMC and cell lines from CHS

patients after stimulation with Con A, and that E-64-d, which is a

cell-permeable calpain inhibitor [22], corrects the abnormalities in

Con A cap formation and lysosomal enzyme activity by reversing

the declined PKC activity.

PATIENTS AND METHODS

Materials

E-64-d was kindly provided by Dr Murata (Taisho Pharmaceutical

Co.). [g-32p]ATP was purchased from Amersham Pharmacia

Biotech. [3H]palmitic acid was from Moravek Biochemicals

(Brea, CA, USA), and [14C]sphingomyelin was from Dupont NEN

(Boston, MA, USA). Leupeptin, Z-Leu-Leu-H, chymostatin and

the substrates of elastase and collagenase-like peptidase were

purchased from Peptide Institute Inc. (Osaka, Japan). The

substrates of cathepsin G and b -galactosidase, dipeptidyl

peptidase, chelerythrine, C2-ceramide (N-acetylsphingosine),

Con A, SM and other chemicals were purchased from Sigma

Chemicals Co. (St Louis, MO, USA).

Patients

Peripheral blood samples were obtained from four CHS patients

who had not undergone bone marrow transplantation (patient 1:

11-year-old female, patient 2: 12-year-old male, patient 3: 10-

year-old female, patient 4: 7-year-old female) and two normal

controls (control 1,2). Informed consent was obtained from

patients or families for this study.

Cell lines

The EB virus-transformed B cell lines from three CHS patients

(CHSA,B,C) and normal controls (NA,B,C) used are as follows: CHSA

and NA was established by Dr Nunoi (Kumamoto University

Medical School), CHSB, CHSC, NB and NC were established by Dr

Agematsu (Shinshu University School of Medicine). CHSA was

derived from patient 1. Cells were cultured in RPMI-1640

supplemented with 10% fetal bovine serum (Filtron Pty, Australia),

penicillin (100 unit/ml) and streptomycin (100 mg/ml).

Separation of peripheral blood mononuclear cells (PBMC)

To separate PBMC from CHS patients and normal controls,

heparinized whole blood was centrifuged by Ficoll-Hypaque

(Pharmacia Biotech AB, Uppsala, Sweden) density gradient at

400 g for 30 min. The cells were then washed twice with the

medium described above and resuspended in the same medium.

Assay for PKC activity

Cells (5�106) from normal and CHS patients were cultured with

or without various reagents, and were then disrupted by sonication

for 20 s three times at 48C in 20 mm Tris-HCl (pH 7´5), 0´25 m

sucrose, 2 mm EDTA, 5 mm EGTA, 2 mm phenylmethylsulpho-

nylfluoride, 0´01% leupeptin and 50 mm 2-mercaptoethanol. The

cell extracts were then centrifuged at 100 000 g for 1 h at 48C.

The resultant supernatant was referred to as the cytosolic fraction.

The pellets were resuspended in the same buffer containing 0´1%

Triton X-100, sonicated, and centrifuged at 30 000 g for 15 min at

4 8C. The resultant supernatant was referred to as the membrane

fraction. PKC activity was assayed by using PKC enzyme assay

system (Amersham Pharmacia Biotech) according to the manu-

facturer's protocol.

Con A cap formation

Fluorescein isothiocyanate (FITC)-conjugated Con A cap forma-

tion was determined according to the method described previously

[21]. After the cells (1�106/ml) were cultured in the presence or

absence of E-64-d for 24 h, cells were further incubated with C2-

ceramide or chelerythrine for 2 h. FITC-Con A was then added at

a concentration of 20 mg/ml, and cells were incubated for 30 min

at 378C. The cells were fixed with 2% paraformaldehyde for

10 min at 378C. Wet mounts were prepared using 10 m l of each

cell mixture on a glass slide with cover slips. The cells were

observed with an epifluorescence microscope fitted with an FITC

interference filter and 20� or 40� objective. Scoring was carried

out in two categories with respect to the distribution of the label as

random clusters (diffuse of patched) or capped. Two hundred cells

were counted, and the percentage of capped cells was calculated.

Assay for lysosomal enzyme activity

After the cells (5�106) from normal and CHS patients were

cultured in the presence of various reagents, 1 ml of homogenate

buffer (containing 20 mm imidazol-HCl (pH 7´3), 0´2% TritonX-

100, 0´2 m sucrose, 5 mm EDTA) was added to the cell pellets.

The cells were then disrupted by sonication for 20 s three times at

48C and were centrifuged at 15 000 r.p.m. for 15 min at 48C. The

supernatant was used for the following enzyme assay. Elastase

activity was measured with the fluorogenic substrate meth-

oxysuccinyl-Ala-Ala-Pro-Val-4-methylcoumarinyl-7-amide(Meo-

Suc-Ala-Ala-Pro-Val-MCA) by the method of Barrett [23]. The

regular reaction mixture (100 m l) contained 40 mm Tris-HCl

(pH 7´5), 8% (v/v) dimethylsulphoxide, 0´4 m NaCl and 0´8 mm

substrate. The mixture was incubated at 378C for 15 min after

which the reaction was terminated by adding 1 ml of 5 m formic

acid. Fluorescence product, AMC, was measured by its fluores-

cence intensity at 460 nm with excitation at 370 nm on

fluorescence spectrophotometer F-4500 (Hitachi). Cathepsin G

activity was assayed using Suc-Ala-Ala-Pro-Phe-PNA as substrate

according to the method developed by Barrett [24]. The mixture
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was incubated at 508C for 15 min after which the reaction was

terminated by adding 200 m l of 0´3 mg/ml of trypsin inhibitor.

The reaction product was measured at 410 nm on a DV640

Spectrophotometer (Beckman). One unit of the enzyme activity is

expressed as 1 nmol products/h. The activity of b -galactosidase

was assayed according to the method of Brandt et al. [25]. The

activity of collagenase-like peptidase was assayed using Suc-Gly-

Pro-Leu-Gly-Pro-MCA as the substrate by the method developed

by Kojima et al. [26].

Sphingolipid metabolism

Cell lines (3�106) from normal and CHS patients were

radiolabelled by the addition of [3H]palmitic acid (1 mCi/ml) to

the culture medium for 24 h. The cells were washed with

phosphate-buffered saline and further incubated with or without

Con A. The medium was removed and the cells were precipitated

in cold methanol (1 ml) containing 20 mg/ml each of SM and

ceramide. The lipid was extracted and separated by sequential thin

layer chromatography (TLC) as described previously [27].

Sphingolipid was located by iodine vapour and the silica gel

was scraped and counted for radioactivity.

Assay for neutral SMase (N-SMase) and acidic SMase (A-SMase)

activity

The micellar SMase assay using exogenous radiolabelled SM was

performed according to the method described by Wiegmann et al.

[28].

Statistics

Statistical analysis was performed with Student's t-test.

RESULTS

Effect of E-64-d on the abnormality in Con A cap formation in

CHS cell lines

It was reported that Con A cap formation is increased in CHS

cells. We first examined the Con A cap formation in three

CHS cell lines. As shown in Fig. 1a, the proportion of Con A-

capped cells in all CHS cell lines was apparently increased

compared with that in the three control cell lines. We have

demonstrated previously that abnormal down-regulation of PKC is

involved in the increased Con A capping in PMNs from CHS mice

[21]. We next examined the effect of E-64-d, which is a thiol

proteinase inhibitor and protects PKC from its proteolysis, on Con

A cap formation in CHS cell lines. E-64-d is a membrane-

permeable analogue of E-64-c, and Ki of E-64-c for calpain is

0´96 mm (0´33 mg/ml) [29]. As shown in Fig. 1b, E-64-d

significantly decreased the abnormally increased Con A capping

in a dose-dependent manner, whereas it did not affect the capping

in control cells lines. E-64-d at a concentration of 1 mg/ml

corrected the capping to almost normal levels in CHS cell lines.

Incubation of both cell lines with E-64-d at the concentrations

used affected neither cell viability (.95% by trypan blue

exclusion assay) nor cell growth (data not shown). As shown in

Table 1, other protease inhibitors, leupeptin (5 mm) and Z-Leu-

Leu-H (10 mm) which block calpain [14,21,30], significantly

decreased the increased capping in CHS cell lines. In contrast
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Fig. 1 Effect of E-64-d on Con A cap formation in CHS and normal cell

lines. (a) The cells (1�106/ml) from three CHS (CHSA,B,C) and three

normal (NA,B,C) cell lines were incubated with FITC-Con A (20 mg/ml) for

30 min at 378C, and the Con A-induced capping was determined as

described in Patients and methods. (b) The cells were cultured in the

presence of various concentrations of E-64-d for 24 h, and then FITC-Con

A (20 mg/ml) was added and the Con A-induced capping was determined.

The column represents the mean ^ s.e. of at least four experiments. CHS:

the mean ^ s.e. of three normal cell lines. Normal: the mean ^ s.e. of three

normal cell lines. *P , 0´01, significant when compared with normal cell

lines without E-64-d.**P , 0´01, significant when compared with CHS

cell lines without E-64-d. B 0; A 0´11; p 0´33; o 1; t 3 E-64.9 (mg/ml).

Table 1. Effects of other protease inhibitors on Con A cap formation

Cell lines

Inhibitors Concentration Normal CHS

None 10´3 ^ 0´8 19´9 ^ 1´2

E-64-d 1 mg/ml 9´4 ^ 1´3 10´2 ^ 0´7*

Leupeptin 5 mm 10´9 ^ 1´0 13´2 ^ 2´6*

Z-Leu-Leu-H 10 mm 10´5 ^ 1´4 14´3 ^ 1´6*

Chymostatin 10 mm 12´2 ^ 2´0 19´6 ^ 1´5

The cells (1 � 106/ml) from CHS and normal cell lines were cultured with

indicated reagents for 24 h, and then FITC-Con A (20 mg/ml) was added

and the Con A-induced capping was determined as described in Patients

and Methods. *P , 0´01, significant when compared with CHS cell lines

without reagents.
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chymostatin, which does not inhibit calpain, had no effect on Con

A capping.

Abnormal down-regulation of PKC in Con A-stimulated CHS cell

lines

Figure 2 shows the PKC activity in CHS and control cell lines. In

three control cell lines, the membrane-bound PKC activity

increased after 20-min stimulation with Con A (20 mg/ml), while

the cytosolic enzyme activity decreased by Con A-induced

translocation. In CHS cell lines, the membrane-bound PKC

activity markedly declined, while the cytosolic enzyme activity

decreased by the translocation. Parallel with the decrease in the

membrane-bound PKC activity in CHS cell lines, the Ca21,

phospholipid-independent kinase activity, which is the product of

PKC proteolysis by calpain, increased after Con A stimulation

(data not shown). When CHS cell lines were cultured overnight in

the presence of E-64-d (1 mg/ml), the reduced PKC activity

clearly increased (Fig. 2). E-64-d did not affect PKC activity in

control cell lines. Other calpain inhibitors, leupeptin (5 mm) and

Z-Leu-Leu-H (10 mm), also reversed the declined PKC activity of

CHS cell lines (data not shown). We next examined whether the

effect of E-64-d is associated with PKC activity. As shown in

Fig. 3a, a specific PKC inhibitor, chelerythrin (1 mm), signifi-

cantly increased Con A capping in control cell lines. The IC50 of

chelerythin for PKC is 0´66 mm [31]. When E-64-d (1 mg/ml) was

added to the culture prior to the addition of chelerythrin, both the

capping and PKC reverted to normal levels (Fig. 3a,b). We also

found that C2-ceramide (3 mg/ml), which has been demonstrated

to promote calpain-mediated breakdown of PKC [19], signifi-

cantly increased the capping in control cell lines. E-64-d also

reversed both the C2-ceramide-induced increment of the capping

and the declined PKC. E-64-d alone did not affect PKC activity in
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Fig. 2. Effect of E-64-d on the abnormal down-regulation of PKC activity

in Con A-stimulated CHS and normal cell lines. The cells (1�106/ml)

from three CHS (CHSA,B,C) and three normal (NA,B,C) cell lines were

cultured overnight in the presence of E-64-d (1 mg/ml) or medium alone.

Then the cells were stimulated with or without Con A (20 mg/ml) for

20 min. The membrane-bound (a) and the cytosolic (b) PKC activity was

assayed as described in Patients and methods. The data are means (pmol/

min/107cells) of at least three experiments. The s.e. of each column was

less than 10%. B Medium; A Con A; p E-64-d 1 Con A.
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Fig. 3. Effects of various reagents on Con A cap formation and

membrane-bound PKC activity in normal cell lines. (a) After the cells

(1�106/ml) were cultured overnight with or without E-64-d (1 mg/ml), the

cells were treated with chelerythrin (1 mm;) or C2-ceramide (3 mg/ml) for 2

h. FITC-Con A (20mg/ml) was then added and incubated for 30 min at 378C.

Con A cap formation was determined as described in Patients and methods.

The column represents the mean ^ s.e. of at least four experiments. E, E-64-

d; Ch, chelerythrin; Cer, C2-ceramide. *P , 0.01 compared with medium

alone. (b) After the cells (1�106/ml) were treated with chelerythrin (1mm) or

C2-ceramide (3 mg/ml) for 2 h, Con A (20 mg/ml) was added and incubated

for 20 min. In some experiments, cells were preincubated overnight with E-

64-d (1 mg/ml) before treatment with chelerythrin or C2-ceramide. PKC

activity was assayed in the membrane fractions as described in Patients and

methods. The data are means (pmol/min/107 cells) of at least three

experiments. The s.e. of each column was less than 10%. E, E-64-d; Ch,

chelerythrin; Cer, C2-ceramide.
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normal cell lines (Fig. 3b). These results indicate that the down-

regulated PKC is associated with the increased Con A capping in

CHS cell lines.

Abnormal PKC down-regulation and increased Con A cap

formation in PBMC from CHS patients

In order to clarify whether the abnormal PKC down-regulation is

due to the transformation by EB virus, we examined the PKC

activity and Con A cap formation in PBMC from blood samples of

four CHS patients. As shown in Fig. 4, the proportion of Con A-

capped cells in PBMC of all CHS patients showed a two-fold

increase compared with the control. We also found that E-64-d

corrected to almost normal levels. In addition, the membrane-bound
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Fig. 4. Effect of E-64-d on Con A cap formation in PBMC from CHS

patients and normal controls. The PBMC (1�106/ml) separated from four

CHS patients (P1,2,3,4) and two normal controls (C1,2) were incubated with

E-64-d (1 mg/ml) or medium alone for 1 h, and FITC-Con A (20 mg/ml)

was then added and the con A-induced capping was determined as

described in Patients and methods. B Medium; A E-64-d.

Table 2 Effects of E-64-d and other reagents on lysosomal enzyme activity in CHS and normal cell lines

Cell line Reagent Concentration

Enzyme activity

Elastase

(U/106 cells)

Cathepsin G

(U/106 cells)

b-Galactosidase

(%)

Collagenase-

like peptidase (%)

Normal Medium 40´0^2´32 0´11^0.01 100 100

Chelerythrin 1 mm 25´2^0´80* 0´06^0.01* 92´9 93´6

C2-ceramide 3 mg/ml 16´0^1´92* 0´03^0.004* 92´8 89´6

E-64-d 1 mg/ml 38´4^1´28 0´09^0.008 99´8 99´5

CHS Medium 11´2^0´96* 0´04^0.02* 100 100

E-64-d 1 mg/ml 33´2^2´52² 0´09^0.02² 97´5 98´4

After cells were cultured overnight in the presence of indicated reagents, the cell extracts were assayed for lysosomal enzyme activity as described in

Patients and methods. One unit of elastase and cathepsin G activity is expressed as nmol products/h. Data are expressed as means ^ s.e. of at least three

experiments. The activity of b-galactosidase and collagenase-like peptidase is expressed as means of the percentage of the enzyme activity of each cell line

cultured with medium alone. No significant difference in the activity of these enzymes was observed between normal and CHS cell lines. *P , 0´01,

significant when compared with normal cell lines with medium alone. ²P , 0´01, significant when compared with CHS cell lines with medium alone.
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Fig. 5. Effect of E-64-d on the abnormal down-regulation of PKC activity

in Con A-stimulated PBMC from CHS patients and normal controls. The

PBMC (1�106/ml) from four CHS (P1,2,3,4) and two normal controls (C1,2)

were incubated with E-64-d (1 mg/ml) or medium alone for 1 h. Then the

cells were stimulated with or without Con A (20 mg/ml) for 20 min. The

membrane-bound (a) and the cytosolic (b) PKC activity was assayed as

described in Patients and methods. B Medium; A Con A; p E-64-d 1

Con A.
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PKC activity in Con A-stimulated PBMC from CHS patients

declined, whereas that in normal control increased by the

translocation (Fig. 5). E-64-d also reversed the decreased

membrane-bound PKC activity. Incubation of PBMC with E-64-

d did not alter cell viability. These results suggested that E-64-d

corrected the abnormalities in PKC and Con A cap formation not

only in EB virus-transformed CHS cell lines but also in PBMC

from CHS patients.

Effect of E-64-d on lysosomal enzyme activity in CHS cell lines

It has been reported that the lysosomal elastase and cathepsin G

activity is selectively reduced in both CHS and beige cells [32,33].

We have recently reported that E-64-d almost corrects the

decreased elastase and cathepsin G activity in beige fibroblasts

[16]. As shown in Table 2, elastase and cathepsin G activity in

CHS cell lines is significantly lowered compared with that in

normal cell lines. It was found that E-64-d (1 mg/ml) significantly

increased both enzymes, whereas the activity in normal cell lines

was not altered by E-64-d. In contrast, chelerythrin (1 mm)

significantly inhibited both elastase and cathepsin G activity. C2-

ceramide, which has been demonstrated as inducing down-

regulation of PKC [19], also inhibited the activity of both these

enzymes. However, neither chelerythrin nor C2-ceramide altered

b -galactosidase and collagenase-like peptidase> activity in

normal cell lines. Incubation of cells with E-64-d for 24 h

affected neither cell viability nor proliferation (data not shown). In

addition, neither elastase nor cathepsin G activity was changed

when E-64-d or other reagents were directly added to the enzyme

assay. These findings suggest that the down-regulation of PKC

may cause the reduction of elastase and cathepsin G activity, and

that E-64-d may correct the reduced enzyme activity by reversing

PKC activity in CHS.

Enhanced ceramide production in Con A-stimulated CHS cell

lines

We recently reported that the production of ceramide, which

causes PKC breakdown, was increased in PMA-stimulated

fibroblasts from beige mice [16]. Thus we examined sphingolipid

levels in CHS and normal cell lines. As shown in Table 3,

ceramide levels were significantly increased after Con A

stimulation, whereas the levels were not altered in normal cell

lines. Parallel with the increase in ceramide levels, SM levels were

significantly decreased in CHS cell lines. It is considered that the

increased ceramide levels in CHS cell lines were caused by the

accelerated SM hydrolysis.

Enhanced SMase activity in Con A-stimulated CHS cell lines

We next examined the enzyme activity of N-SMase and A-SMase

which hydrolyse SM in CHS and normal cell lines. As shown in

Table 4, both N-SMase and A-SMase were significantly enhanced

after Con A stimulation, whereas neither of these enzymes was

changed in normal cell lines. It is known that A-SMase produces

ceramide in lysosome [28]. We then examined whether Con A

stimulation increased other lysosomal enzyme activity. Neither b -

galactosidase activity nor collagenase-like peptidase activity was

altered after Con A stimulation (Table 4). These results suggest

that the increased ceramide production in CHS cell lines may be

caused by enhanced SMase activity.

DISCUSSION

We have shown here that E-64-d corrects the abnormality in Con

A capping in both PBMC and B cell lines from CHS patients by

reversing the down-regulated PKC activity. E-64-d is a cell-

permeable, thiol proteinase inhibitor [22], and protects PKC from

proteolysis by calpain. E-64-d dose-dependently decreased the

Table 3 Sphingolipid levels in CHS and normal cell lines

Cell line Stimulation

Sphingolipid (cpm/106 cells)

Ceramide Sphingomyelin

Normal None 450´4 ^ 34´5 828´8 ^ 79´6

Con A 545´7 ^ 76´3 835´4 ^ 75´7

CHS None 457´8 ^ 21´6 656´1 ^ 48´8

Con A 810´5 ^ 44´4* 420´6 ^ 32´3*

After [3H] palmitic acid-labelled cells were stimulated with or without Con

A (20 mg/ml) for 15 min, cellular sphingolipid was extracted and

separated by TLC as described in Patients and methods. The data are

means ^ s.e. of three experiments. *P , 0´01, significant when compared

with unstimulated CHS cells.

Table 4. Activity of SMase in CHS and normal cell lines

Normal CHS

Enzymes None Con A None Con A

N-SMase 248´3 ^ 12´1 258´3 ^ 17´3 236´2 ^ 28´8 453´7 ^ 21´0*

A-SMase 693´8 ^ 64´0 773´0 ^ 15´9 545´5 ^ 37´7 1028´3 ^ 44´5*

b -galactosidase 100 102´2 100 95´2

Collagenase-like

peptidase

100 99´9 100 98´2

After cell lines were treated with or without Con A (20 mg/ml) for 15 min, the cells were lysed and the enzyme activity was

measured as described in Patients and methods. The SMase activity is expressed as means (cpm/106 cells) ^ s.e. of three

experiments. The activity of b-galactosidase and collagenase-like peptidase is expressed as means of the percent of the enzyme

activity of each cell line cultured without Con A. *P , 0´01, significant when compared with unstimulated CHS cells.
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abnormally increased capping in CHS cell lines at concentrations

of 0´11±1 mg/ml. In addition, other calpain inhibitors such as

leupeptin and Z-Leu-Leu-H, also corrected the capping in CHS. It

is therefore considered that the effect of E-64-d on Con A capping

is due to the inhibition of calpain. E-64-d also corrected the

abnormality in lysosomal enzyme activity, which may contribute

to the high susceptibility of CHS patients to bacterial infection. As

we had demonstrated previously that E-64 improved not only the

increased Con A capping but also the decreased NK activity in

beige mice [14,21], it is possible that E-64-d is an effective drug to

remedy cellular dysfunction in CHS, and to protect CHS patients

from bacterial infections.

It is considered that Con A cap formation is associated with

membrane±cytoskeleton interaction [34]. In PMNs from beige

mice and CHS patients, it was reported that the proportion of Con

A-capped cells increases compared with normal cells [35,36].

Although the increment of Con A-capped cells in CHS is

associated with the defect in microtubule function, the precise

mechanism is not clear. Carbachol, which increases cyclic GMP

levels, had been demonstrated to recover the abnormality in the

capping in CHS cells [37]. However, there is another report that

the levels in cyclic nucleotide were not altered [38]. It is thus

unclear whether the defect in cyclic nucleotide generation

underlies this disease. We have shown previously that PKC

inhibitors also enhance Con A capping in normal murine PMNs

and that the abnormal rapid down-regulation of PKC occurs in

Con A-stimulated PMNs from beige mice [21]. In the present

report, we show for the first time that C2-ceramide, which

promotes PKC breakdown, enhances Con A cap formation in

human normal cell lines. It is therefore likely that PKC is tightly

related to Con A cap formation.

Ceramide is known to have various effects on cellular

functions such as cell differentiation, cell growth and induction

of apoptosis [17,18]. Recently we reported that ceramide, which is

produced by SM hydrolysis, promotes PKC breakdown induced

by calpain in murine PMNs and fibroblasts [16,19]. In addition,

ceramide production in beige fibroblasts was significantly

increased after PMA stimulation [16]. In the present study, we

have shown that ceramide production is significantly enhanced in

CHS cell lines after Con A stimulation. It is known that A-SMase

is associated with lysosomes. We showed that Con A stimulation

increased A-SMase activity, whereas it did not alter the activity of

other lysosomal enzymes (Table 4). Although we showed that

both N-SMase and A-SMase were significantly enhanced after

Con A stimulation in CHS cell lines, it is not clear which SMase is

responsible for PKC down-regulation. In addition, it remains

unknown why both SMase were enhanced.

We also showed that C2-ceramide significantly inhibits

elastase and cathepsin G activity in normal cell lines, by

promoting the PKC down-regulation. These two enzymes are

believed to undergo similar processing in the Golgi apparatus

[39]. Moreover, it was reported that elastase is present in granules

as a 46-kDa proenzyme in beige neutrophils [40]. It is considered

that the processing and the intracellular transport of these enzymes

is deficient in CHS, and that PKC is involved in generating the

active form of these enzymes by some unknown mechanism.

The genetic defect of CHS and beige mice (CHS I) has

been demonstrated [5±7], however, the precise role of CHS I

protein has not been elucidated. CHS I protein is 400-kDa

cytosolic protein and suggested as being important in MHC

class cantigen presentation [41]. This protein has a region of

sequence similar to stathmin, which associates with cellular

signal response [7]. Stathmin is a ubiquitous cytosolic protein

which is phosphorylated on up to four sites in response to many

regulatory signals, and has many phosphrylation sites for

protein kinases, including PKC [7]. They suggested a relation-

ship between the gene and the phosphorylation by PKC.

However, the precise mechanism is not clear. Another

functional domain is called BEACH. The BEACH domain is

homologous to Vps 15, which is yeast vesicular sorting protein

[6], and associates with the intracellular transport. In beige

mice, it was reported that CHS I is disrupted by 5-kilobase

deletion and CHS I mRNA is markedly reduced [7]. In CHS

patients, the heterogenous mutations of CHS I has also been

reported [8]. Further work is needed to investigate the

relationship between the dysregulation of PKC and CHS I

defect.
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