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SUMMARY

Aging is believed to decrease lysosomal enzyme
release of f-glucuronidase, fS-galactosidase, and
lysozymes from polymorphonuclear leukocytes
(PMN). A synthetic chemotactic peptide,
N-formyl-methionyl-leucyl-phenylalanine (fMet-
Leu-Phe) was utilized to stimulate enzyme
release of PMN from 44 volunteers (20 males and
24 females) with an age range of 22-83 years. No
sex differences in the stimulation of enzyme
release was shown. However, stimulation was
significantly less for those aged 50 or more
compared to those less than 50. The percentages
of decreased stimulation of f-glucuronidase
release were 38% overall, 42% for males, and 34%
for females. The linear formulas for this enzyme
release were Y=—5.9X+ 578.1 overall, Y=—6.5X
+617.2 for males, and Y=-52X+536.6 for
females, where Y is percent stimulation and X is
age. The correlation coefficients were —0.637,
—0.685, and —0.582, respectively. The percent-
ages of decreased stimulation of f-galactosidase
release were 33% overall, 29% for males, and 37%
for females. The linear formulas for this enzyme
release were Y=—1.9X + 311 overall, Y=—3.0X +
340.6 for males, and Y=—2.9X + 327.7 for
females. The correlation coefficients were
—0.352, —0.303, and —-0.642, respectively. The
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percentages of decreased stimulation of lysozyme
release were 24% overall, 30% for males, and 17%
for females. The linear formulas for this enzyme
release were Y=—1.9X + 327.3 ovérall, Y=—1.7X
+ 333.6 for males, and Y=—1.7X+293.5 for
females. The correlation coefficients were
—0.401, —0462, and -—0.374, respectively.
These findings suggest that there is an age-related
decline of sensitivity to the stimulant, fMet-Leu-
Phe. In addition, a microassay technigue was
developed to measure the stimulated release of
the three enzymes in small quantities (1.2 mi} of
peripheral blood.

INTRODUCTION

Immune function is known to decline with age.”
Immune activities can be classified by their
origin into cellular and humoral components.
The decline of lymphocyte function with aging
involves a decline in the proliferation of T cells,2 ™
an increase of immunoglobulin-bearing B cells,®
and a breakdown of self-tolerance causing auto-
immune disorders.®

1t is less clear whether the defense function of
polymorphonuclear leukocytes (PMN) changes
with age. Activated PMN normally migrate
toward chemotactic factors released by micro-
organisms. Phagocytosing PMN secrete lysosomal
enzymes and release active oxygen against
bacteria, viruses or furlgi."r During phagocytosis
and degranulation, cytotoxic and granular
contents are deposited extracellularly as well as
into the phagocytic vacuoles where the micro-
organisms have been sequestered.” Degranulation
can also occur in response to immune complexes
on cell surfaces, and some soluble compounds
can serve as signals for degranulation. The
synthetic peptide fMet-Leu-Phe, which induces
chemotaxis in PMN, binds with PMN, and
stimulates release of lysosomal enzymes.®?

The subject of this report is the effect of aging
on the release of lysosomal enzymes from PMN
stimulated by fMet-Leu-Phe. Changes of both
the stimulated release and intracellular content
of f-glucuronidase, §-galactosidase, and lysozymes
with age were examined. I[n addition, improve-
ments have been made in the assay systems so
that determinations of the activities of f-
glucuronidase and S-galactosidase can be made
near maximum velocity (Vmax), and microassay
methods have been developed by which the
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released lysosomal enzymes can be measured
using only a small amount of peripheral blood.

MATERIALS AND METHODS

fMet-Leu-Phe was purchased from Peptide Insti-
tute Protein Research Foundation (Osaka, Japan).
4-Methylumbelliferone, 4-methylumbelliferyl-{-
D-glucuronide, and 4-methylumbelliferyl-g-D-
galactopyranoside were obtained from Koch-
Light Laboratories, Ltd. (England). 4-Methyl-
umbelliferone and 4-methylumbelliferyl-g-D-
glucuronide were dissolved with ethylene glycol
monomethylether and 4-methylumbelliferyl-8-D-
galactopyrancside with N,N-dimethylformamide.
Cytochalasin B and dred Micrococcus
Iysodeikticus were purchased from Sigma
Chemical (St. Louis). Dexfran (MW 200,000,
Nakarai Co., Kyoto, Japan) was dissolved with
Dulbecco’s phosphate-buffered saline (PBS).
Human placental lysozyme (The Green Cross
Corporation, Osaka, Japan) was used as a
standard.

Preparation of PMN. PMN and erythrocytes
were separated from whole heparinized periph-
eral blood (20 unitsfm! of blood) from 44
healthy volunteers (20 males and 24 females
aged 22-83) on a Lymphoprep (Nyegaard Co.,
Oslo, Norway) density gradient by the method of
Boyum.'® Erythrocytes were sedimented from
PMN with 1.5% (w/v) dextran at an angle of 60°
for 10 minutes at room temperature. The
supernatant was centrifuged at 400xg for
10 minutes at 20°C. Remaining erythrocytes
were lysed with 0.75% ammonium chloride
solution containing 20mM Tris-HCI buffer
(final pH 7.2) and 0.25% autologous plasma for
5 to 10 minutes at 37°C with gentle shaking.
The plasma was added to maintain cell viability
and to decrease aggregation. PMN were washed
twice in PBS and centrifuged at 350xg for
10 minutes at 20°C. The cells were resuspended
to final concentration in Hank’s balanced salt
solution (HBSS). The separation procedure
was such that 96% of the cells in the final
preparation excluded trypan blue.

Preparation of PMN Supematant and PMN
Homogenate for Microassay of Enzyme Activity.
A minimum of 1.2 ml of whole blood was drawn
from study participants. Final PMN concen-
trations of 2 X10% cells/ml in 0.4 ml of HBSS
were prepared. This cell number was adequate
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to release measurable amounts of the enzyme.
A stock solution containing dimethylsulfoxide
with cytochalasin B concentrated at 5 mg/ml
was diluted with distilled water. Diluted
dimethylsulfoxide was added to the control
tubes. Cytochalasin B (5 pg/ml) was added to
0.2 ml of PMN suspension and incubated at 37°C
for 10 minutes with shaking. fMet-Leu-Phe
(107%M) was added to the suspension and it
was incubated at 37°C for 20 minutes with
shaking. After incubation the suspension was
centrifuged at 5,000 X g for one minute at 4°C.
Neither fMet-Leu-Phe nor cytochalasin B stimu-
lated the release of enzymes when used separately.
The cytoplasmic enzyme lactate dehydrogenase
was measured to determine damage to the plasma
membrane.!?

Intraceliular enzymes were prepared by lysing
the cells with HBSS containing 0.1% Triton
X-100 in a tissue homogenizer. The supematant
was obtained after centrifuging at 10,000 Xg for
20 minutes at 4°C and then stored at —80°C
until used. These aliquots were diluted with
HBSS containing 0.1% Triton X-100 and used
for measurements of f-glucuronidase, §-galacto-
sidase, and lysozyme.

Measurement of Enzyme Activity. The reaction
mixture for the measurement of $-glucuronidase
consisted of PMN supernatant, 1 mM 4-methyl-
umbelliferyl-f-D-glucuronide, 0.1% Triton X-100,
and 100 mM acetate buffer (pH 3.5) in a total
volume of 100, The reaction mixture was
incubated at 37°C for 60 minutes. The reaction
mixture for the measurement of f-galactosidase
consisted of the supernatant, 1 mM 4-methyl-
umbelliferyl-3-D-galactopyranoside, 0.1% Triton
X-100, and 100 mM acetate buffer (pH 4.0) ina
total volume of 100pl. The mixture was
incubated at 37°C for 30 minutes. The reactions
were stopped by the addition of 2.4 ml of 50mM
glycine buffer (pH 10.4) containing 5 mM EDTA.
Fluorescence of 4-methylumbelliferone produced
by hydrolysis was measured by fluorometer
(Hitachi MPF-4) at an excitation wavelength
of 365nm and at an emission wavelength of
450 nm.  The activities were expressed as 4-
methylumbelliferone formation in pmol/min/ml
of PMN supernatant or pmol/min/4x10° PMN.
Following studies of the kinetics of the reactions,
the substrate concentrations were selected so
that the enzyme activities could be measured
near Vmax. The assay method for lysozymes is

BLALEOTAS. Dimethylsulfoxide {Z5mg/ml @
T ¥ L % cytochalasin B DR T HE % B AT
FIL . HIL K dimethylsulfoxide % %f88 FERE
120 % 7. Cytochalasin B(5xg/ml ) % 0.2ml ®
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IIEEER B AEEL 2o, MREREEO lactate
dehydrogenase % @ik U CHIRRED B E BT
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Figure 1. Standard curve for human placental Iysozyme. Measured by the method described in
the rext. )
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essentially the same as that of Selsted and
Martinez.”> The reaction mixture consisted of
Micrococcus lysodeikticus at an optical density
of 0.6 at 450nm, 2.5 mg of bovine serum
albumin, 0.1% sodium azide in 2.0 ml of 50 mM
potassium phosphate buffer, pH 7.4, and 0.5 ml
of the PMN supernatant diluted with HBSS
containing 0.1% Triton X-100. The enzyme
activity was expressed as ug of human placental
lysozyme/ml of PMN supernatant or ug/4 X 10°
PMN (Figure 1). The enzyme activities were
assayed in duplicate. The stimulation of enzyme
release was expressed as the ratio (%) of activity
of enzyme released from cells stimulated by
cytochalasin B and fMet-Len-Phe to activity of
enzyme released from unstimulated cells
{spontaneous release, Table 1).

RESULTS

Establishment of f-glucuronidase and S-galacto-
sidase Microassay Methods

A method has been established to determine the
activities of f-glucuronidase and f-galactosidase
released from PMN by fMet-Leu-Phe stimulation
using a small amount of blood. Optimal concen-

B A Iz Selsted & Martinez? @ F ks
BLEThs. KEHETS0nm DHEEHF0.60 Micro-
c.occus Iysodeikticus, w7 Y M@ 7NV 73 ¥ 2.5mg,
pH7.4®50mM @) > &H ) 7 42.0ml, 0.1%7 ¥k
14, K00.1% Triten X-100% & HBSS €
&ML~ PMN _E50.5ml »A5R-Tw3, BREYE
EPMNEF Iml KA BB VSF—L4D
g, Thbbpg/dXWSPMNTRL A (E1).
BESEIETE S 2 BRI CHE L. BEIGROEE
it cytochalasin B & t¥ fMet-Leu-Phe 12 & o THI#
shrfifah s BB shABEORELRBENT
W OB R 5B E L B (B AR ) OTEED
R(BIYTRELE(HEL).

B R oo
B-Glucuronidase J 1f 8-galactosidase OERITE &
MWL -

fMet-Leu-Phe M #l3#1z & 0 PMN # 5 ki & h 3
B-glucuronidase & UF B-galactosidase DiF 1 £ P&
OmEE A THEY 2 HEEBILL A £-Glucn.
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Figure 2. Substrate dependent increase of (a) pglucuronidase activity and (b) p-galactosidase
activity by substrate concentration.
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trations of substrates for S-glucuronidase and
B-galactosidase were tested.  [S-glucuronidase
activity increased with increased substrate
concentration up to 2 mM (Figure 2a) and the
f-galactosidase activity increased when the
substrate concentration was increased up to
1 mM (Figure 2b). When a substrate concen-
tration of 1 mM was used, the product formation
increased by approximately twofold over that
measured using the 0.2mM concentration
suggested by other investigators.!>'*  When
incubated at 37°C with a 1 mM substrate
concentration, the p-glucuronidase reaction
continued to increase linearly for 60 minutes
(Figure 3a} and the p[-galactosidase reaction
increased linearly for 30 minutes (Figure 3b).
By assaying the activities of both enzymes with a
1 mM substrate concentration, the activity could
proceed near Vmax, and the assay sensitivity
increased twofold as compared to other assay
systems.”®»"  Stimulation increased as the
concentration of PMN was increased. The
activities of the three enzymes could be
determined with 0.4 ml of PMN suspension at
a concentration of 2 x10° cells/ml obtained
from 1.2 ml of peripheral blood.

ronidase B UF f-galactosidase I2#f ¥ 3 HEEH
BEE W /=, B-Glucuronidase ISTE I HEREH
2mM = THENT 31220 T LG L (M2a ), Aegalac-
tosidase MR EKBEE A ImM 2 THMT 3 <
ST EH LA (X)), XRBESInM EL A
LE, BEMERIBOMBAEORVWEZBETS S

0.2oMB " 2 HWABEOH2fFIML 2. &Y
B|EImM T37°C TMRT % &, Pglucuronidase
RIEH 605 Mgz LR 4805 ([M8a ), S-galac
tosidase R IE30ARIEREYC LB % #1T /= (M3b).
MEOERZERBEImM CRET 3 &, Eiki
(215 Vmax £ Ci#EZ, WeBERbhoflER™>" 0

2fETH-. HIBE PMNBEOMINIz>hT LR

Ui Zo0REOEME, 1.2m 0XiBMLA 513

5B 2 X108 {f /ml o PMNE##0.4ml %

BuTHETSE .
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Age-related Decline of Lysosomal Enzyme Release
from PMN After Stimulation with fMet-Leu-Phe

Percent stimulation of §-glucuronidase, f-galacto-
sidase, and lysozyme from fMet-Leu-Phe-stimu-
lated PMN are shown in Table 1. The releases
of all three enzymes were significantly less in
those aged 50 or more years than those under 50.
Stimulation of 8-glucuronidase secretion decreased
by 38%, f-galactosidase by 33%, and lysozyme
by 24% in those aged 50 or more. Males showed a
42% decline in the stimulation of f-glucuronidase
release while for females release declined by 34%.
Figure 4 shows the relationships of age and
stimulation of f-glucuronidase release. The
best fit of the data is described by the linear
formula Y=-5.9X + 578.1 (where Y is percent
stimulation, and X is age), with a correlation
coefficient of —0.637, showing statistical signifi-
cance; Y=-—-6.5X + 617.2, —0.685 for males;
Y=-5.2X +536.6, —0.582 for females, Released

f-galactosidase levels for older males and females .

also declined. The curve that best fits the data
for this enzyme is described by the formula
Y=-19X+ 311.5, with a correlation coefficient
of —0.352 (Figure 5); Y=-3.0X+340.6, —0.303
for males; Y=—2.9X+327.7, —0.642 for females.

fMet-Leu-Phe MEBR (L3 PMND S o v -4
BEERHOMERICHEIRET

fMet-Leu- Phe Oilliii= X % PMN @ #-glucuronidase,
fB-galactosidase U vV F—LAOHEREER (%) &
#F1IRLE. 2has 3fdoEREoREITwTFha 508
PDEnEOFHFOERBOBELDFEL L Eh 1.
506 L) Lo & T f-glucuronidase 53 TE O (EEE (T
38%, PB-galactosidase 1333%, UV F—LEUBET
L7=. H#Eo f-glucuronidase O IE T 1342%, it
WH%TH -7/ FEfEL B-glucuronidase (B L
ORFER4IIRLE. BREIRLE(ESTHOR
BERXY=—059X+578.1(A 2L Yihla g
(%), X#ini&Es) CHBRBENI—0.637TH5. Zh
GHAEMIERTH D, BHEHFY =—6.5X +617.2
T A —0.685, ZHEHFY=—5.2X+536.6T
FEEP—05827dh-7. EHOBREFRED
B-galactosidase R ERLET LA ORI
SVTHBIEL L EAT MY =—1.9X+
311.57, HAMEHIZ—0.32CH N (A5), Bl
Y=—3.0X +30.6CHEHH—0.303, kH¥EFY=
—2.9X +327. 7 CHREA—0.642TH 5. U /SF— A
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Figure 4. Percent stimulation of B-glucuronidase release from PMN after fMet-Leu-Phe exposure.
B-Glucuronidase was released from PMN after exposures to cytochalasin B (5 wgiml) and
fMet-Leu-Phe (10_5M). and the percent stimulation by fMet-Leu-Phe was calculated as
described in the text and the footnote to Table 1.

4  fMet-Leu-Phe BRIz & 2 PMN ¢ f-glucuronidase W D {EMHFE (%). Cytochalasin B
(5 pg/ml ) B UFtMet-Leu-Phe (10§ M) i £ ¥ PMN & & p-glucuronidase A HH ah /-,
fMet-Leu-Phe 12k 2{BER (B FF LR CH 1 oMENEKEE A THREL .
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Figure 5. Percent stimulation of g-galactosidase release front PMN after fMet-Leu-Phe expousre.

g-Galuctosidase was released from PMN after exposures to cytochalasin B{5 =g{ml) and fMet-

Leu-Phe (IO"SM), and the percent stimulation by fMet-Leu-Phe was calculated as described
’ in the text and the footnote to Table 1. ’

5 fMet.Leu-Phe BT (2 & 3 PMN @ #- galactosidase i B (% ). Cytochalasin B
{5 pg/mt )R O fMet-Leu-Phe (10 * M) FE 12 & ¥ PMN # 5 B-galactosidase A7 H i & #17:.
fMet-Leu-Phe (= L 2 {BER (B 3EX R U R 1 oBEORB LB THEL &
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Figure 6. Percent stimulation of lysozyme release from PMN after fMet-Leu-Phe exposure.

Lysozyme was released from PMN after exposures to cytochalasin B (5 pgfmlj and fMet-Leu-

Fhe (IO_GM), and the percent stimulation by fMet-Leu-Phe was calculated as described in
' the text and the footnote to Table 1.

[E

fMet-Leu-Phe R IE 12 L 5 PMNA S DY VY F - A B ORESR(%).

Cytochalasin B

(5pg/ml) & U fMet-Len-Phe (10 *M)BE 2 k0 PMN A S50V F - Aad R s h .
fMet-Leu-Phe iz k 5 (RER (%I B HEXR PRI OMEORB LM THEL L.

The relationship in lysozyme release is described
by the formula Y=-1.9X+327.3, with a cor-
relation coefficient of 0.401 (Figure 6); Y=
—1.7X + 333.6, —0.462 for males; Y=-1.7X+
293.5, —0.374 for females.

Absolute levels of enzyme release after PMN
stimulation are presented in Table 2. No signifi-
cant differences were pbserved by sex or age in the
amounts of f-glucuronidase and {-galactosidase
released after stimulation. However, significant
differences in the age-related decline of released
lysozyme were seen between older males and
females (Table 2) compared to younger subjects,
_Among the older subjects, release of the enzyme
decreased by 30% in males and 49% in females. -

Table 3 shows that intracellular concentrations
of the three lysosomal enzymes in males declined
with age. Conversely, the concentrations of
those in females increased with age. Only
initracellular fB-glucuronidase decreased signi-
ficantly in males aged 50 or more and among
them was 60% less than in males under 50 years
of age.

HHOMEEIRY =—1.9X +327,3, fARS%E$0.401C
wEn(R6), BHAY=—1.7X +333,6 CHEH»*

—0.462, HZMHHXFY=-1.7X+293.5 THEHEH
—0.3714TH 5.

# 212 PMNRU#Ic K 2 ERBHOBHEE T L 2.
1 # #% @ P-glucuronidase & Uf B-galactosidase @
BERIZHELER L IHEZERRD 5hidhor.
AL, BEXRELERL TERETRA LT

YV F - AEROIMEICE Y ET ICHE R 2 AT

Ehi(%2). BROARETCIERRMNEHET
0%, KMETHUBETL L. .

#Z3ACHEALEIIIIBMEDFT v/ —LEE
ORISR THERE B CETL A #iz
LT IEER S & HITHIL 7. .@-Gltlxcurdnidase [
MIAARE RO LORED B THRRETER
L, 0ERMOBYEDCOBLLTTH - .
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TABLE 1 PERCENT STIMULATION OF LYSOSOMAL ENZYMES FROM PMN AFTER
: fMet-Leu-Phe EXPOSURE ‘

=1 fMet-Leu-Phe‘E'ﬁ’Elzxi’a PMN #5035 4 ¥/ — ABZRBOREE (%)

All Ages Less than 50 50 or more
Sex T

Cases Mean £SEM Cases Mean T SEM Cases Mean + SEM
B-Glucuronidase : : .
Male + Female 41 304.7£19.1 20 379.1%227.0 21 233.8£16.0%
Male 18 327.6%30.0 10 4037333 8 232.4%28.4%
Female 23 286.7%£24.6 10 354.5+42.7 13 234.6+£20.0%
fGalactosidase ‘
Male + Female 41 221.6%14.4 19 266.6+23.5 22 178.1+14.72
Male 19 247.1%24.7 8 296.1+49.6 11 211.4+18.4
Female 22 1996154 11 24531189 11 153.9+15.0%
Lysozyme
Male + Female 44 2301114 21 262.6+16.6 23 200.4+13.1?
Male 20 247.1%15.7 10 2915157 10 202.7%19.0%
Female 24 2i5.9%16.0 11 236.3£26.6 13 196.5+18.9

a: Significantly lower (p<0.01) than the value in younger group accozding to t-test.
L RELES P EEBOEL O HERIIE (p<0.0L).
B-Glucuronidase, f-galactosidase, and lysozyme were released from PMN after cytochalasin B (5 ueg/ml)
and fMet-Leu-Phe {10_6M) exposures. Control cells were exposed to 14 uM of dimeth ylsulfoxide.
The percent stimulation of enzyme release was expressed as the activity of enzyme released from cells
stimulated by cytochalasin B and fMet-Leu-Phe to activity of enzyme released from unstimulated

cells {control).

CytochalasinB ( 5 #g/ml ) B UF fMet- Leu-Phe( 10 6 M VERIZ LT PMN # 5 B-glucurenidase.

B-galac-

tosidase B UFY /F — AMHME A, WHIIMNE % 144M @ dimthylsulfoxide 1ZERZE & 2.
BESEMC O {3 % (%) 13, Cytochalasin B & fMet-Leu-Phe TR L Z AR B ik + 5 BHE OB, il

LTuh ol (HE) Ao s h A BEORETRL L.

DISCUSSION

Intracellular lysosomal enzyme concentrations
changed with age. The changes were different
between male and female subjects (Table 3).
These results indicate that the concentrations
in younger female subjects were lower than those
in males. This suggests that sex hormones may
suppress the concentrations because the amount
of sex hormones changes with age.'

There was an age-related decrease in the ability
of PMN to release lyscsomal enzymes after
stimulation with fMet-Leu-Phe, This study
suggests that an age-related decline in responsive-
ness to stimulants is attributable to a change
in the plasma membrane andfor lysosomal
membrane. Weissmann et al’ proposed a nine
step scheme to-explain the release of lysosomal
enzymes by PMN. As the actual enzyme release
constitutes the fianl step of this scheme, almost
all steps of the sequential response initiated by

# =

4V ABREOHMBABEIIER L &L IZEL
L. COENRBRMTRE->TVRA(E3). T4
SOEELS, BEOAKEOBMERERALELD
Bwzrdiahrs. COMRE, HLer0BY
ERIE - TEE T340, ERLE » YEERE
sl Twabblhvi iz b EREBLT
[ %‘15

fMet-Leu-Phe o Hl#iz L 3 PMN® 3 4 v V/— A

MEORMELIEBEEIETARS A &

10

e, fEsscdT 3 KRG ERIC I ETH,
MR W LT T4 v/ — AEOTILERLDTES
ZEEREL TS, Weissmann 57 13 PMN 223
G4V - LREOREERAT 5009 BREH
SHIEL 7. EROBEREIE ZORKEBERCNL3
O, fMet-Leu-Phe iz L ARIBicssE 32 —HD
RISOIREELABEFNMBIc L2254
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TABLE 2 EXTRACELLULAR LEVELS OF LYSOSOMAL ENZYMES FROM PMN AFTER
fMet-Leu-Phe EXPOSURE

#2 f{Met-Leu-Phe BEEZOPMNA SO T4 v/ — AR

All Ages Less than 50 50 or more
Sex. . .. - - - - — — —
Cases Mean £SEM Cases Mean X SEM Cases Mean £ SEM

B-Glucuronidase
Male + Female 37 129.3%15,1%* 19 109.2+14.3 18 1465275
Male 17 ©132.0+26.5 8 888126 9 1704 £46.3
Female 20 127.0%£17.2 11 130.5£20.2 9 122.7%30.6
B-Glalactosidase
Male + Female 41 46.7X4.9 18 42756 23 498+ 7.7
Male 19 568%8.4 8 456%£8.9 11 659128
Female 22 37.9%5.1 10 40475 12 359+ 7.2
Lysozyme
Male + Female 44 1.88 £0.17 21 2.41%0.30 23 1.41£0.09?
Male 20 1832004 10 2.16 £0.32 10 1.51%0.08
Female 24 194£027 11 2.64+0.50 13 1.34£0,14P

a and b: Significantly lower than the value in younger group according to t-test (a:p<0.01,

aRUb  1:0,01<p<0.05).

tBEL LS EEEROMEI N FECEY (a2

p<0.01, b :0.01< p<0.05).

* Unit: p moles of product formation/min/ml supematant for g-glucuronidase and g-galactosidase,

pg/ml supernatant for lysozyme.

KLy 1: f- ghicuronidase & OF f-galactesidase 20T XEEMEM p mol /min/ml L, Y/ F-aiZon

Tidpg/ml L.

- Glucuronidase, p-galactosidase, and lysozyme were released from PMN after cytochalasin B (5 pgfml)
and fMet-Leu-Phe (10‘6M ] exposures. The extracellular activities of three enzymes were determined

by the method described in the text.

Cytochalasin B( 5 pg/ml ) & OF fMet-Leu-Phe(10 ~¢ MR ¥ {4 12 PMN # & A-glucuronidase,
ZOIHoMEORBIMNEE R L TR HETHEL £.

tosidase RUF Y S F— LAl s s

fMet-Leu-Phe stimulation may be affected by
aging. Receptor sites located on the membrane
are the first contact sites between the stimulus
and PMN. Binding activity of fMet-Leu-Phe is
directly related to enzyme release.” Our obser-
vations suggest that either this activity or the
number of binding sites decreases with age. For
example, it has been shown in the rat brain that
the number of neurotransmitter receptor sites
also decrease with age.'®1® Changes in receptors
on the cell surface with aging may be one of the
factors involved in the decrease in cell function.

Results of this study showed a significant age-
dependent decline in absolute amount of enzyme
release only for lysozyme {Table 2). B-Glucuro-
nidase and f-galactosidase are localized in
azurophil granules, whereas lysozyme is localized
in both specific granules and azurophil
granules.'®?®  Therefore, this strongly sugsests
that for specific granules, degranulation activity

11

B-galac-

Lhiw., BES 5 2EEOMIHIEH & PMN
PEYICHET 588 THS. (Met-Leu-Phe w4
B REREROL L ERREL TV 3. KRB E
P5, ZOEBEELBEABROKNF Ay
PEBE L LIETTS 2L XRES RS, AL,
v bOBIZEVT HHBEENERERBHLOK
MERLELLUBIT I AR SR TR 08
MiaREOTEADONEIC & 32, MiakiED
ETiiHST 2BAFO—oTHa2LLLAT L.

FMECHERETIR, BEROAOBEROFERIZMNES
FEELFETRIVYVF LB IR (£2).
B-Glucurenidase & U S-galactosidase [£iF 7 X — 1
BRUIRELTEY, JVyF—ARBRERLT
TA-WHEONFIRFEL TV, " | 4o
T, COMRBEHERBANOEENFEREL LI
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TABLE3INTRACELLULARCONCENTRATKHJOFLYSOSOMALENZYMESINPMN
#3 PMN o 5 { v/ — AEEEO A PR

All ‘Ages Less than 50 50 or mote
Sex - -
Cases Mean+SEM Cases Mean tSEM Cases Mean £S5EM

B-Glucuronidase

Male + Female 43 356.3+35.7* 19 401.0% 63.2 24 3209+39.6

Male 19 374.1168.3 8 5729+123.1 il 22981425

Female 24 342.0%356 11 2760+ 318 13 398.0+56.5
B-Galactosidase

Male + Female 42 112.7+134 18 112.1£15.7 24 113.2£20.6

Male 19 13191264 8 1522 £25.7 11 117.2£42.2

Female 23 96.9+10.6 10 80.1%13.0 13 109.8+15.4
Lysozyme

Male + Female 33 2.86%0.25 15 2.97%0.26 18 2.77£0.40

Male 14 3.01+0.40 7 3.45+0.37 7 2.57+£0.69

Female 19 2.75%0.32 8 2.55%0.33 11 2.89 £0.51

b Significantly lower (0 01<p<0.05) than the value in younger group according to t-test.
tREEE A L EFROMLIFRIZEY (0.01<p < 0.05).

* UJnit: p moles of product formation/min/4 X 10°

pg/mif4 ¥x10° PMN for lysozyme.

¥ 13 - glucuronidase B UF f-galactosidase 1272

F—Ll2owT I #g/m) /4 X10% PMN.

v

PMN for S-glucuronidase and f-galactosidase,

W FE 4 W pmol /min/d4 X105 PMN, %/

Unstimulated cells were solubilized by homogenization with 0.1% Triton X-100 in HBSS. After
centrifugation at 10,000 Xg for 20 minutes at 4°C, pghicuronidase, fgalactosidase, and lysozyme

librated from cells were determined.

@JiﬁiLTL‘{;‘UﬂﬁE%o-l%ﬂ Triton X-100 # v 7 HBSS o iidL L CHAE L, 10,000 x g,
205 LR BT SREEL 8-glucurenidase, £

declines with age. The remarkable difference
between f-glucuronidase, f-galactosidase, and
lysozyme release might be attributable to the
role of the lysosomal enzymes in PMN. A
decrease in release of other lysosomal enzymes
and granule products may also occur with aging.

Aging also affects phagocytic activity. Using
mice, Perkins?! reported an age-dependent
decline of phagocytic activity in the clearing of
colloidal carbon from the blood. However,
macrophages in mice of all ages were equally
efficient in their ability to engulf and digest
opsonized sheep red blood cells. Phagocytic
activity and macrophage function may be
reduced with age. Our observations in enzyme
release from PMN are in agreement with the
age-dependent decline of phagocytic activity.

Lysosomal enzyme release as induced by fMet-
Leu-Phe is an activity showing the resp onsiveness

4*CT
.galactosidase BTV F - A &MEL L.

{ETFT32LE@mREL TS, A-Glucuronidase,
f-galactosidase R U V/F— 4 OHBCEIT3HE
BER, T4V /- ABED PMN IZ#H i 5 1&E
NELLEZLOTHEIPHLAEY. BPDTLY
S AEERCEREESORHET S MR ICE
TRZIa,rE LREWL.

biiI] S E =R 8% BIFT. Perkins? w7 A
FELAERT, OhoIof FREEERORIC
ARRENERIEIETHFREABILERELT
w3, LAL, hSOIEMOTTRAIIEH LTI
7 r— Pk, ATV VLY YHRMREFMIBA
?%mféﬁﬁﬁﬁmm%#ot.ﬁﬁ%&ﬁvﬁn
T — VHEHERERLELLITET T2 L.
T4 QB = PMN 5 OBEE RO UA RO £

JTEIETE-BRLTVS.

12

fMet-Leu-Phe = k> THEHEENEZ T v/ — A



of PMN to bacteria, viruses, and fungi.” Our
findings suggest that as a resuit of the age-related
decline of sensitivity to a stimulant, PMN response
to infection decreases with aging. Decline with
age of lysosomal enzyme release from PMN
seems to be due to many causes, including adult
diseases such as diabetes, in which phagocytotic
and bactericidal activities of PMN are decreased
The decline may also be considered to be a contri-
buting factor in prolonging illnesses, resulting in
higher morbidity and mortality rates for older,

RERF TR 9-82

BEEORBRAZFIT, 4 LA RUBEHIIGT 3
PMNORE*#F+THRBTH 2. T 2HR0ER L,
FlMAN T 22 A ERIIE-TETT2EE,
PMNOBRIZGT IR MBI E-TETT2

T EATELTWE. PMNASOS [ v — AKEE

BBOERC X3 {ETIE, PMNOAARE UREE
PETTIERFEALFORAFRLEOCE(OER
k330 Ebhs. COETLELEES M HS
BHO—DTHY, BEERALNSHE CBHE
BEUFCRFNSVWILoEREZ -T2 EE
Zrb0 5.

than for younger, adults.
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