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Abstract

Macrophages are considered the main effector cells of immune system. Under stimulation these cells are known to be activated by a
process involving morphological, biochemical and functional changes. Since altered peptidase activities could be among the factors
leading to the differentiation and activation of these cells, in the present work seven naphthylamide derivative substrates were employed to
assess representative aminopeptidase and prolyl endopeptidase activities in resident and elicited macrophages of mice. Soluble basic
aminopeptidase and prolyl endopeptidase and soluble and particulate neutral and prolyl dipeptidyl aminopeptidase IV activities were
present at measurable levels while particulate prolyl endopeptidase and basic aminopeptidase, and particulate and soluble cystyl and
pyroglutamyl aminopeptidases were not detectable. Kinetic parameters, chloride activation and the inhibitory effects of puromycin,
bestatin, amastatin and diprotin A characterized differential properties of these peptidase activities. The observed increment (about 6-17-
fold) of the soluble basic aminopeptidase and prolyl endopeptidase and soluble and particulate neutral and prolyl dipeptidyl
aminopeptidase IV activities in elicited macrophages was particularly relevant, as these might contribute to an increased ability of

this cell to inactivate several susceptible substrates known to be inflammatory and/or immunological mediators.

© 2005 Elsevier Inc. All rights reserved.

Keywords: Macrophages; Peptidases; Peptides; Mediators; Inflammation; Immune system

1. Introduction

Macrophages are differentiated end cells with the ability
to recognize and destroy altered host components such as
apoptotic cells and invading organisms. They play a central
role in immunological and inflammatory processes in
physiological and pathological conditions [1]. These cells
are found in several organs and tissues such as serous
cavities. Resident macrophages are among the first lines of
host defense since these physiologically quiescenT-cells
become activated by a number of external stimuli of
varying origin [2]. Activated macrophages express low
secretory activity but present a high capacity in secreting
reactive-oxygen or -nitrogen species, and important micro-
bicidal and tumoricidal activities [3,4]. In addition, inflam-
matory or immunological stimuli evoke a recruitment of
blood circulating monocytes to specific sites, where they
differentiate into elicited macrophages. These elicited cells
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present a high secretory activity and phagocytic capacity
but a low microbicidal and tumoricidal activity [5,6]. All
these selected activities from distinct populations of
macrophages modulate the reaction of tissues to external
stimuli.

Factors leading to the differentiation and activation of
macrophages remain largely uncharacterized. Aminopep-
tidase (AP) was among the earliest peptidase activity
proposed as a marker of macrophage activation [7,8]. In
spite of the wide diversity of peptide substrates related to
inflammatory and immune responses, limited information
is available regarding the induction of peptidases in leu-
kocytes. Membrane and soluble proteinases in macro-
phages have been linked with integrins and other
adhesion proteins and with intracellular signaling systems
underlying cell migration [9]. Recently the interest in these
enzymes in leukocytes has increased considerably, since
several reports have indicated the roles of these peptidases
and related peptide substrates in several physiopathologi-
cal processes in many tissues [10—16]. Furthermore, among
very few endopeptidases that are able to cleave the prolyl
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bond, prolyl endopeptidase is the unique which has been
reported to be present in murine macrophages [17]. In the
light of actual knowledge, it is believed that peptidases
may have a role in macrophage function not only through
hydrolytic action on peptide mediators, resulting in activa-
tion or inhibition, but also as receptors and mediators of
adhesion or transduction signals. However, kinetics and
simultaneous evaluation of representative aminopeptidase
and prolyl endopeptidase activities have not yet been
characterized in macrophages. Moreover, the activities
of these peptidases in distinct stages of stimulation are
still unclear.

To learn more about the peptidase activities of murine
macrophages we investigated the activities of soluble (S)
and membrane-bound (M) acid (APA), basic (APB), neu-
tral (APN), cystyl (CAP), pyroglutamyl (PAP), prolyl
dipeptidyl IV (DPPIV) aminopeptidases and prolyl endo-
peptidase (PEP) in resident (RE) and thioglycollate-eli-
cited (TGE) isolated cells. Here we show that certain
peptidase activities were absent or present at negligible
levels in resident and elicited macrophages, while those
detectable in residenT-cells also increased in elicited
cells.

2. Material and methods
2.1. Animals

Male Swiss mice were maintained in a restricted-access
room with a controlled temperature of 25 °C, relative
humidity of 65.3 £ 0.9% and 12 h light:12 h dark photo-
period (lights on at 6:00 h a.m.), and were housed in cages
(inside length x width x height of 56 cm x 35 cm X
19 cm), with a maximum of 20 mice per cage, with food
and tap water ad libitum. All animals weighed 18-20 g.

The animal and research protocols used in this study are
in agreement with the Brazilian Council Directive
(COBEA - BRAZIL) and were approved by the Ethics
Committee of the Instituto Butantan (035/2001).

2.2. Obtention of resident (RE) and thioglycollate-
elicited (TGE) macrophages

Resident macrophages were harvested by washing peri-
toneal cavities. Briefly, animals were killed under halotane
and exsanguined. Then, peritoneal lavage was performed,
after a gentle massage of the abdominal wall. The perito-
neal fluid, containing resident macrophages, was collected.
Aliquots of the washes were used to determine total
peritoneal cells numbers in a Neubauer’s chamber after
dilution (1:20, v/v) in Turk solution. The predominance of
mononuclear cells in the washes was confirmed by light
microscopic analysis of smears stained with Hema [3]. The
cell population consisted of around 99% macrophage as
determined by morphological criteria. Washes were then

centrifuged at 200 x g, 6 min, 22°, and the pellet obtained
re-suspended in 2.0 mL of 10 mM Tris-HCI, pH 7.4.

Thioglycollate-elicited macrophages were harvested 4
days after intraperitoneal (i.p.) injection of 1.0 mL of 3%
thioglycollate and peritoneal lavage was performed
according to the above description. The cell population
consisted of more than 95% macrophage as determined by
morphological criteria.

2.3. Protein

Protein was measured at 630 nm in triplicate by the Bio-
Rad protein assay [18] using a Bio-Tek FL60OFA Micro-
plate Fluorescence/Absorbance Reader. Protein content
was extrapolated by comparison with a standard curve
of bovine serum albumin (BSA) (Sigma, St. Louis, MO,
USA) diluted in 10 mM Tris-maleate buffer, pH 5.9.

2.4. Preparation of the soluble (S) and solubilized
membrane-bound (M) fractions from macrophages

Macrophage suspensions in 10 mM Tris-HCI buffer, pH
7.4 were sonicated at room temperature at amplitude 40 for
10 s and ultracentrifuged (Hitachi model HIMAC CP60E)
at 100,000 x g for 35 min. The resulting supernatants were
used to measure the S enzyme activities and protein
concentrations. To avoid contamination with the S, the
resulting pellet was washed three times with 10 mM Tris-
HCI buffer, pH 7.4. The pellet was then homogenized for
30s at 800 rpm in 10 mM Tris-HCI buffer, pH 7.4, plus
0.1% Triton X-100 and ultracentrifuged at 100,000 x g for
35 min. The supernatants thus obtained were used to
determine the M enzyme activities and protein concentra-
tions. All steps were carried out at 4 °C.

2.5. Lactate dehydrogenase (LDH)

As a marker for the fractionation procedure, LDH activity
was determined spectrophotometrically at 340 nm with a
Molecular Devices®-Spectra Max 190 [19] in the S and M
fractions. 30 pL samples of S or M were incubated with
270 pL. of 100 mM phosphate buffer, pH 7.4, containing
200 mM NaCl and 1.6 mM sodium pyruvate solution
(Sigma, St. Louis, MO, USA) plus 0.2 mM nicotinamide
adenine dinucleotide, reduced form (NADH) disodium salt
(Sigma, St. Louis, MO, USA). Values of LDH activity were
obtained by the results of subtraction of the absorbance at
340 nm read at 10 min from that read at O time of incubation
at 37 °C and extrapolated by comparison with a standard
curve of NADH. LDH activity was expressed as mmol
NADH oxidized/min/mg protein.

2.6. Peptidase assays

Enzyme activities were quantified on the basis of the
amount of 4-methoxy-f-naphthylamine (Sigma) (for
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DPPIV) or B-naphthylamine (Sigma) (for all other pepti-
dases) released as a result of incubation at 37 °C for 30 minin
96-well flat botton microplates (Corning Inc., NY, USA) of
50-pL samples and 250-pL pre-warmed substrate solution in
such respective 0.05 M buffers containing BSA 0.1 mg/mL.
B-Naphthylamine or 4-methoxy-f-naphthylamine, were
estimated fluorometrically with a Bio-Tek FL600FA Micro-
plate Fluorescence/Absorbance Reader, at 460/40 nm emis-
sion wavelength and 360/40 nm excitation wavelength in
triplicate samples. The value for the incubates at zero time
(blank) was subtracted and the relative fluorescence was
converted to picomoles of (3-naphthylamine or 4-methoxy-
[B-naphthylamine by comparison with a correspondent stan-
dard curve. APA activity was measured as described by
Ramirez-Expésito et al. [20] using L-aspartic acid o-(B-
naphthylamide) (Sigma) in Tris-HCI buffer, pH 7.4, with
ImM MnCl,. CAP activity was measured as described by
Silveira et al. [21] using L-cystine di-B-naphthylamide
(Sigma) in Tris-maleate, pH 5.9. APN and APB activities
were measured as described by Mantle [22] respectively
using L-alanine--naphthylamide in phosphate buffer, pH
7.4, with 1 mM DL-dithiothreitol (DTT) (Sigma), or L-
arginine-f-naphthylamide (Sigma) in phosphate buffer,
pH 6.5, with 150 mM NaCl, and 0.02 mM puromycin.
PAP activity was measured by the method of Schwabe
and McDonald [23] using L-pyroglutamic acid-f3-naphthy-
lamide (Sigma) in phosphate buffer, pH 7.4, with2 mM DTT,
and 2 mM ethylenediaminetetraacetic acid (EDTA) (Merck,
Brazil). DPPIV activity was measured by the method of Liu
and Hansen [24] using H-Gly-Pro-4-methoxy-@-naphthyla-
mide (Peninsula, USA) in Tris-HCI buffer, pH 8.3. PEP
activity was measured by the method of Zolfaghari et al.
[25], using Z-Gly-Pro-3-naphthylamide (Bachem, USA) in
phosphate buffer, pH 7.4, with 2 mM DTT.

2.7. Data analysis

Data were analyzed statistically using GraphPad Prism®™
and Instat™ softwares. Regression analyses were per-
formed to obtain standard curves for protein concentration
and enzyme activity measurements. Two-tailed Student’s #-
test was performed to compare the values of resident and
elicited macrophages from the same enzyme activity and
the effect of NaCl on APB or PEP activities. One-way
analysis of variance (ANOVA) was performed to detect
differences in all parameters in such macrophage status,
followed by the Tukey—Kramer multiple comparisons test
when differences were detected. Differences were consid-
ered statistically significant at P < 0.05.

3. Results
Table 1 shows that LDH activity was 7-26-fold higher in

S than in M fractions, which confirms the efficiency of the
adopted fractionation procedure.

Table 1

Lactate dehydrogenase (LDH) activity in soluble (S) and membrane-bound
(M) fractions of resident (RE) and thioglycollate-elicited (TGE) macro-
phages from mice

Macrophage status LDH activity

S M
RE 0.79 0.03
TGE 0.45 0.06

LDH activity expressed as mmol NADH oxidized/min/mg protein. Values
are means = S.E.M from five animals. Values on the same line were
measurements in triplicate for the same animals. All paired values in
different columns were significantly different (two-tailed paired Student’s
t-test, P < 0.001).

The M forms of APB and PEP, and S and M forms of
APA, CAP and PAP activities were not detectable while
Table 2 shows that S-APB and S-PEP and S and M APN
and DPPIV were detected at considerable levels in macro-
phages. As also shown in Table 2, Michaelis constant (K,,),
turnover number (K., and the specificity constant (K_,/
K,,) were calculated for such activities after the incubation
of the macrophage suspension containing 4.3 x 10° cells/
mL with different concentration ranges of naphthylamide
derivative substrates (APN and PEP: 3.125-125 uM; APB:
3.125-250 pM; DPPIV: 5-200 puM) at 37 °C for 30 min.
Further measurements of S and M peptidase activities of
RE and TGE macrophages shown in Figs. 1-4 are the
results of sample incubation with substrate solutions
diluted to 0.5 mM (for APB) or 0.2 mM (for DPPIV) or
0.125 mM (for APN and PEP) in such respective buffers.
Enzyme activity was expressed as picomoles of substrate
hydrolyzed per minute (UP) per milligram of protein.
Assays were linear with respect to time of hydrolysis,
protein content, and number of cells.

Table 3 shows the effects of selected inhibitors on
peptidase activity of TGE macrophages. At the employed
concentrations, distinct inhibitory potency observed on
such enzyme activities can be summarized as follows:
(i) puromycin: S-APN = M-APN = APB =PEP > S-
DPPIV > M-DPPIV; (ii) bestatin. APB =PEP = M-
APN > S-APN > S-DPPIV = M-DPPIV; (iii) amastatin:
APB = PEP = S-APN = M-APN > S-DPPIV = M-DPPIV;
(iv) diprotin A: S-APN=M-APN < APB =PEP =S-
DPPIV = M-DPPIV. Regarding the susceptibilities of
such enzyme activities to each one of these inhibitors,
Fig. 1 shows the following: (i) S-DPPIV: diprotin
A > puromycin > amastatin > bestatin; (ii)) M-DPPIV:
diprotin A > puromycin > amastatin > bestatin; (iii) S-
APN: amastatin > diprotin ~ A; M-APN: diprotin
A < puromycin = bestatin = amastatin. APB and PEP pre-
sented the same susceptibility to all these inhibitors. As
shown in Fig. 2, APB was activated while PEP was not
affected by the presence of NaCl.

As shown in Fig. 3, it is noteworthy that peptidase
activities (UP/mg protein; values are means + S.E.M;
n =35) strongly increased in activated macrophages from
244.6 £ 16.7 (RE) to 1342.6 + 267.2 (TGE) for S-APB,
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Table 2

Kinetic parameters of basic (APB), neutral (APN), prolyl dipeptidyl IV (DPPIV) aminopeptidase and prolyl endopeptidase (PEP) activities obtained by
fluorometric measurements of hydrolysis of naphthylamide derivative substrates by soluble (S) and membrane-bound (M) fractions from a pool of
thioglycollate-elicited macrophages from mice

Substrate B-naphthylamide Enzyme Vinax (pmoles min ™! K 571 Ky x 107° (M) KooK x 107°
mg protein’l) M ts™h

Arg- S-APB 3455 + 461" 57.6" 18.2+3.3" 3.16

Ala- S-APN 810 £ 17" 13.5° 1.9£0.1 711"

Ala- M-APN 227 £+ 60 3.78 1.24+0.7 3.15
H-Gly-Pro-4-methoxy- S-DPPIV 195 + 46 3.25 32+12 1.01
H-Gly-Pro-4-methoxy- M-DPPIV 300 £ 31 5 1.8+03 2.78
Z-Gly-Pro- S-PEP 284 + 18 4.7 14+£02 3.36

Values are mean £+ S.E.M. of three assays with a pool of macrophages obtained from thirty mice 96 h after intraperitoneal injection of 3% thioglycollate.Values
for K., [maximum amount of substrate (picomoles) converted per second per enzyme unit (UI)] were calculated considering 1 UI = amount of enzyme, in 1 mg
of protein, which hydrolyses 1 picomol of substrate per second. Kinetic analysis was performed by Eadie-Hofstee methodology (slope = K,; y
intercept = Vy;,4x), using GraphPad Prism® software. © P < 0.05 in comparison to other values in the same column (ANOVA, Tukey—Kramer multiple
comparisons test).

S-APN M-APN BB Puromicin (0.1 mM)
[0 Bestatin (0.5 mM)

100 - 100+ P2 Amastatin (0.1 mM)
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Fig. 1. Enzyme susceptibilities to selected inhibitors of basic (APB), neutral (APN), prolyl dipeptidyl IV (DPPIV) aminopeptidase and prolyl endopeptidase
(PEP) activities in soluble (S) and membrane-bound (M) fractions from thioglycollate-elicited macrophages from mice. Values are mean + S.E.M. from a pool
of 10 animals. Percentage of inhibition was calculated considering the absence of inhibitors as 100% of activity. ~ P < 0.05 in comparison to other values of
same enzyme activity; * P < 0.05 in comparison to Diprotin A effect on the same enzyme activity (ANOVA, Tukey—Kramer multiple comparisons test). See
Table 3 for comparison of susceptibilities of distinct enzyme activities to the same inhibitor.
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Fig. 2. Effect of NaCl on soluble (S) basic aminopeptidase (APB) and
prolyl endopeptidase (PEP) activities from thioglycollate-elicited macro-
phages. Values are mean £ S.E.M. from a pool of 10 animals. Percentage of
activity was calculated considering the absence of NaCl as 100% of activity.
* P <0.05 in comparison to the absence of NaCl (two-tailed paired
Student’s t-test).

from 25.4 £ 6.1 (RE) to 158.3 £ 18.3 (TGE) for S-APN,
from 6.2 + 2 (RE) to 46.9 + 9.7 (TGE) for M-APN, from
51 &8 (RE) to 550.2 + 48.7 (TGE) for S-DPPIV, from
294 0.6 (RE) to 50.9 £ 12.4 (TGE) for M-DPPIV, and
from 18 £+ 3 (RE) to 177.1 £+ 37.7 (TGE) for PEP. These
increments represent proportional changes in the relative
percentage of all examined enzyme activities in these
different macrophage status with the exception of DPPIV
which was increased in S and M fractions of TGE in
relation to RE (Table 4). In both macrophage status, the
sum of the relative distribution of all enzyme activities was
higher in S than in M forms with S-APB as the most
prominent activity (Fig. 4).

4. Discussion

The present results document the measurements of
prolyl endopeptidase and representative AP activities by
the assay methods based on the well-characterized differ-
ential properties of the hydrolysis of B-naphthylamide or
methoxy-B-naphthylamide with different aminoacyl resi-
dues in the presence of agents such as puromycin, bestatin,
amastatin, diprotin, DTT, EDTA, MnCl,, and NaCl, which
are known to produce the activation or inhibition of the
enzyme activities under study. The use of naphthylamide
derivatives has been the primary step for detection or
confirmation of the involvement of AP and prolyl endo-
peptidase activities in various physiological processes. To
our knowledge, this is the first report on the concomitant
evaluation of the hydrolytic ability of S and M fractions
obtained from resident and elicited murine macrophages
on seven different (3-naphthylamide derivative substrates
which pointed out that S-PEP, S-APB, S-APN, M-APN, S-
DPPIV and M-DPPIV change their activities in elicited
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Fig. 3. Soluble and membrane-bound peptidase activities (UP/mg protein)
of resident (RE) and thioglycollate-elicited (TGE) macrophages from mice.
Values are means 4 S.E.M from five animals (assays made in triplicate). *
P < 0.05 in comparison to the elicited macrophages for the same enzyme
activity (two-tailed unpaired Student’s #-test). See in Fig. 4 the distribution
of the peptidase activity percentages in a single macrophage status and in
Table 4 the comparison of peptidase activity percentages between resident
and elicited macrophages.

cells. On the other hand, our results showed that M-PEP,
M-APB, and M and S forms of APA, CAP and PAP
activities were absent or present at negligible levels in
both resident and elicited murine macrophages.
Peptidase activity levels reported here might not be
taken as the enzyme activity of one protein on only one
substrate. Several data exist that different substrate hydro-
lysis measured by the use of xenobiotic aminoacyl deri-
vatives do not necessarily represent the specific activity
of different proteins. In this regard, puromycin-sensitive
and -insensitive neutral aminopeptidases cleave alanyl
3-naphthylamide [26,27] and three distinct forms of pyr-
oglutamyl peptidase, comprising a mammalian omega
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Fig. 4. Distribution of soluble (S) and membrane-bound (M) basic (APB),
neutral (APN) and prolyl dipeptidyl IV (DPPIV) aminopeptidase and prolyl
endopeptidase (PEP) activities in resident (RE) and thioglycollate-elicited
(TGE) macrophages from mice. Sections represent the relative percentage
of enzyme activities which were calculated considering the sum of all these
activities in the same macrophage status as 100% (see Table 4). * P < 0.05
in comparison to S-APB in the same macrophage status; ¥ P < 0.05 in
comparison to S-DPPIV in the same macrophage status (ANOVA, Tukey—
Kramer multiple comparisons test). See in Table 4 the comparison of
peptidase activity percentages between resident and elicited macrophages.

peptidase class, have pyroglutamyl (-naphthylamidase
activity [28]. Moreover, a neuronal alanyl aminopeptidase
activity exhibits distinct biochemical features from all
other known aminopeptidases such as inhibitor specificity,
hydrolytic coefficiency, metal effects, pl/, molecular
weight, and catalytic site [29]. In addition, the sensitivity
of an alanyl aminopeptidase activity to inhibitors in human
T-cell lymphoma line (Jurkat) is markedly increased after
disrupting the cells, but still differs from that observed with
purified pig neutral aminopeptidase [30]. Similarly, in

Table 3

human liver cytosol, a purified aminopeptidase, which is
strongly inhibited by bestatin, leuhistin, actinonin, amas-
tatin and puromycin, has superimposed abilities to hydro-
lyse the substrates Ala-, Lys-, Phe-, Met-, Leu-, Tyr- and
Lys-Ala- 4-methyl-7-coumarylamides at pH ranging from
7.5 to 8.0 [31]. Finally, two distinct molecules (140 and
260-kDa) with alanyl aminopeptidase activity suffer a
cross-linking reaction in serum from cholestatic patients
[32].

Estimated kinetic parameters and inhibition profiles
highlight some distinct features of the peptidase activities
under study. They provide background for the optimization
of the assay conditions and further biochemical purifica-
tion of the proteins related to these enzyme activities. In
addition, based on the parameters obtained, the differences
in the expression and regulation of these enzymes, and the
receptors responsible for the observed induction, can be
further investigated. We confirmed here the occurrence of
certain selectivity with the studied inhibitors on AP activ-
ities. However, we could not associate only one inhibitor to
only one peptidase activity at least in the employed con-
centrations. Furthermore, we detected the effect of these so
called “aminopeptidase inhibitors”” on PEP activity.

The affinity of APB was lower (higher K,,) than those of
all other measured peptidases. K., of APB was about 4—
10-fold higher in relation respectively to S-APN or to all
other measured peptidase activities. However, this rela-
tively high K, of APB was not followed by an increment
of catalytic efficiency (K ,/K.,). S-APN was the activity
which presented the highest relative value of K../K,,
while from a percentual quantitative viewpoint, S-APB
was the most prominent activity when compared with all
other macrophage peptidase activities. The aminopepti-
dase activities under study are known to be sensitive to
puromycin, bestatin, amastatin and diprotin A at equal or
higher concentrations than those employed in the present
study [33-38]. Thus, our inhibitory trials demonstrated that
puromycin allowed for the distinction of DPPIV activity
between S and M fractions and also this activity in both
fractions from those of all the other examined peptidase
activities. Bestatin permited to distinguish APN activity
between S and M fractions and also between this activity in
both fractions from DPPIV activity of S or M fractions.

Effects of selected inhibitors on basic (APB), neutral (APN), prolyl dipeptidyl IV (DPPIV) aminopeptidase and prolyl endopeptidase (PEP) activities in soluble
(S) and membrane-bound (M) fractions from thioglycollate-elicited macrophages from mice

Inhibitors Inhibition of peptidase activities (%)

S-APN M-APN S-DPPIV M-DPPIV S-APB S-PEP
Puromycin 0.1 mM 95.3 & 0.003 90.7 +£2.3 66 +2.8" 32402° 98.8 £ 1.3 97.1+7
Bestatin 0.5 mM 948+ 1.9 100 £ 0.8 30.3 +0.1* 25.5 +0.007* 100 £+ 0.6 97 £ 0.09
Amastatin 0.1 mM 100 £2.3 9% £ 5 41.4 + 1.6" 303 +0.1* 98.5+ 0.4 96.9 +£3.9
Diprotin A 0.1 mM 88.9+0.18 701 £5.3" 100+ 0.3 100 £ 0.03 99 £+ 0.1 100 £+ 10

Values are mean + S.E.M. from a pool of 10 animals. Percentage of inhibition was calculated considering the absence of inhibitors as 100% of activity.
“P<0.05in comparison to other values in the same line; ™ P <0.05in comparison to S-DPPIV, M-DPPIV, S-APB and S-PEP; #P<0.05in comparison to
S-APN, M-APN, S-APB and S-PEP (ANOVA, Tukey—Kramer multiple comparisons test). See Fig. 1 for comparison of effects of selected inhibitors on the

same enzyme activity.
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Table 4

Relative activities of basic (APB), neutral (APN), prolyl dipeptidyl IV (DPPIV) aminopeptidase and prolyl endopeptidase (PEP) from soluble (S) and
membrane-bound (M) fractions of resident (RE) and thioglycollate-elicited (TGE) macrophages from mice

Macrophage status Enzyme activities (%)

S-APN M-APN S-DPPIV M-DPPIV S-APB S-PEP
RE 73+ 18 1.8+£0.6 147 +£23 0.8+0.5 702 £5 52+09
TGE 6.8+0.8 2404 237+2.1" 22405 577+ 11 7.6+ 1.6

Percentages were calculated considering the sum of the enzyme activities in the same macrophage status as 100%. Values are mean & S.E.M. from five animals
(assays made in triplicate). = P < 0.05 in comparison to resident macrophages (two-tailed unpaired Student’s #-test). See in Fig. 4 the distribution of the

peptidase activity percentages in a single macrophage status.

Bestatin also permited to distinguish between DPPIV
activity in S or M fractions from APB and PEP activities.
Amastatin permited to distinguish DPPIV activity of S or
M from those of all other examined peptidase activities.
Diprotin A did not exhibit distinctive inhibitory effect on S
or M APN activity but permitted to distinguish this activity
of M fraction from all other examined peptidase activities.
Diprotin A was also the most potent inhibitor for S or M
DPPIV activity while it was the lowest potent for M-APN.
Regarding S-APN the inhibitory effect of diprotin A only
differed from that of amastatin. Lastly, all these assayed
inhibitors had undistinguishable effects on APB and PEP
activities. At this point the use of Z-Pro-prolinal could not
add relevant information, since a PEP activity resistant to
Z-Pro-prolinal inhibition has been described [39] and thus,
this activity would still be considered a PEP activity.
However, our results showing activation of APB by NaCl
clearly differentiated it from PEP. This permitted us to
reach our objective of characterizing differential properties
of all these examined peptidase activities in macrophages.
Chloride-activated APB has also been found in cytosolic
fractions of human erythrocytes, polymorphonuclears,
monocytes and lymphocytes [40]. Our results show that
although only APN and DPPIV presented detectable activ-
ity in particulate fraction, even so their relative percentual
activities tend to be higher in S than in M forms. Thus our
findings strongly suggest that the studied peptidase activ-
ities of murine resident and elicited macrophages can be
considered as predominantly directed towards peptides
arising from the intracellular breakdown of functional
proteins, as proposed for T lymphocytes [41], and/or
peptides excised from endocytosed peptide receptor com-
plexes, as seems to occur in the human cerebral cortex [42].
However, in addition to the particulate forms, these soluble
enzymes could be exocytosed and then could also act on
released peptides [43]. The expression of peptidases by
leukocytes and other cells with a prominent regulated
secretory pathway had already been found to be deter-
mined largely by stimulus-response secretion of proteins
prepackaged in high concentration. The regulated secre-
tory pathway has seemed minor in macrophages, and
instead, peptidases are either channeled into lysosomes
or secreted constitutively. Post-translational regulation of
macrophage peptidases then seems to depend on compart-
mentalizing enzymes to their sites of primary function,

which have been reported to occur by means of both
specific receptors and inhibitors [44]. Another possibility
to be considered is that peptides formed by these enzymes
could be exocytosed.

Our results showing the increment of S-PEP, S-APB, S-
APN, M-APN, S-DPPIV and M-DPPIV activities in eli-
cited macrophages may indicate an enhanced cleavage of
peptides related to this cell function. Despite this incre-
ment, the relative percentual distribution of S-PEP, S-APB,
S-APN and M-APN remained unaltered in both of the
studied status of cells. Altered enzyme activities observed
in the present study might be predictive of their functional
role in macrophages.

In the case of DPPIV we observed that the relative
percentage of distribution was increased in S and M
fractions of thioglycollate-elicited macrophages in relation
to residenT-cells. This finding suggests that differential
pathways of stimulation could lead to the increased expres-
sion of DPPIV enzyme(s) in macrophages. Upregulation of
DPPIV/CD26 mediated by interferons (IFN) was described
in chronic B lymphocytic leukemia cells [45]. DPPIV
activity removes dipeptides from the aminoterminus of
peptides containing proline as the penultimate amino acid
[46]. This enzyme activity inactivates inflammatory med-
iators such as substance P [47], neuropeptide Y [48], and
macrophage derived chemokines IL-4, IL-13 and IFN [15].
This enzyme operates in the cascade of immune responses.
Independent of its catalytic activity, DPPIV (CD-26) par-
ticipates in T-cell activation, and binds adenosine deami-
nase to the T-cell surface, thus protecting them from the
inhibition of proliferation [12,49]. Despite the actual role
of the increased DPPIV activity in thioglycollate-elicited
macrophages had not been identified in the present study,
our data point out that the induction of this enzyme activity
can profoundly alter the macrophage response. To our
knowledge, this is the first demonstration that elicited-cells
have increased levels of DPPIV activity. Our suggestive
data that DPPIV have a crucial role in the protective
function of macrophages deserves further investigation.

APN has been shown to cleave the inflammatory med-
iators interleukin-8 (IL-8) and neurokinin A [14,50]. Mem-
brane-bound APN/CD-13 is a marker of peripheral blood
mononuclear cells [16]. This activity has also been
reported to participate in trimming peptides bound to
MHC class II molecules [51]. Indeed, the expression of
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MHC-II and I molecules for antigen presentation to T-cells
is an important function of macrophages. The cleavage of
MIP-1 chemokine by APN/CD13 originates in a chemo-
tatic product for eosinophils [52]. Therefore, the increased
APN activity may have a role in the increased host defense
functions in elicited macrophages. Lymphocytes has been
reported to exhibit a rapid induction (dependent on cell-to-
cell contact) not only in the CD13 protein but also in Ala-p-
nitroanilide-cleaving enzyme activity (APN activity) and
in CD13 mRNA [53]. APN/CD13 has found to be upre-
gulated by lymphokines such as IFN-y and IL-4 [54,55].
The increased expression of APN has been related to the
reduction of apoptotic neutrophils [56].

APB activity is known to remove arginyl and lysyl
residues from the N terminus of small peptides such as
the thymopentin. In leukocytes, this activity has been
described to be present together with leukotriene Ay
hydrolase activity (LTA4H) [10,15], which is a key activity
in the biosynthesis of the proinflammatory leukotriene B4
[10]. The induction of the neutrophil LTA4H activity has
been reported to be concomitant with an inhibition of the
APB activity of this dual function enzyme, resulting in
sustained effects of proinflammatory peptides such as
dynorphin fragment 1-7 [57]. Thus, increased activity of
APB in elicited macrophages may counterpart the activa-
tion of the inflammatory activity of these cells.

PEP activity is known as post-proline cleaving enzyme
activity, TRH-deaminase activity or kininase B activity. It
cleaves Pro-Xaa bonds in peptides that consist of an acyl-
Yaa-Pro-Xaa sequence as found in bradykinin and sub-
stance P [58,59].

While much more remain to be seen concerning the
pathways leading to the upregulation of S-APB, S-PEP, S-
APN, S-DPPIV, M-APN and M-DPPIV or whether this
regulation contributes to macrophage differentiation, our
data indicate that the increment of these peptidase activ-
ities might increase the cellular ability to inactivate several
inflammatory and immunological mediators. It is concei-
vable that altered levels of these peptidase activities affect
the processing of peptides bound in the groove of MHC
molecules or the properties of receptors and mediators of
adhesion or transduction signals. Alternatively, altered
levels of these peptidase activities could directly stimulate
or activate the macrophages. Moreover, comparison of
these enzyme sensitivities to the studied inhibitors in a
whole material from macrophages, which are key elements
in inflammation and immunology, permits to include these
inhibitors among those with potential ability to interfere
with inflammatory and immune diseases. Literature data
provide strong evidences that members of the AP and PEP
families are relevant targets for drug design. The inhibitors
of these enzymes seem to be promising drug candidates to
treat and prevent certain diseases [60-64].

In conclusion, our data show the concomitant presence
of the activities of S-APB, S-PEP, S-APN, S-DPPIV, M-
APN and M-DPPIV and suggest that observed increment of

these activities in elicited cells might contribute to the
downregulation of peptide-mediated function of murine
macrophages.
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