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Abstract

Membrane-bound peptidases play important roles in the regulation of local concentrations of various signalling

peptides such as the growth factors, hormones, chemokines and cytokines. That is accomplished by means of their

enzyme activity. Recently, membrane-bound peptidases have also been shown to act as receptors, receiving signals

from as yet undefined ligands and transducing them into the cell interior. By using either or both of these

mechanisms, peptidases interact with fundamental cellular functions: growth, differentiation, activation and death.

This study addressed the effects of a T-cell derived cytokine, interferon-gamma (IFN-g) on the activity of

aminopeptidase N (APN), an ectoenzyme processing several signal peptides. Cells of a myelo-monocytic cell line

HL-60 were used as a model system, and APN was assayed at the levels of mRNA, its membrane marker CD13,

and the enzyme activity. Regulation of CD13/APN by IFN-g was found at all three levels. The direction of

regulation was time-dependent: an initial down-regulation seen 24 and 48 hrs after the onset of treatment with IFN-

g was replaced by an up-regulation after 72 and/or 96 hrs. Up-regulation of CD13/APN observed after 96 hrs was

preceded by an up-regulation of APN mRNA reaching its maximum after 72 hrs. The IFN-g-induced regulation of

APN was due to membrane aminopeptidase N, since it could be completely abrogated by an APN blocking

antibody WM-15. The delayed up-regulation of CD13/APN (observed after 72 and/or 96 hrs), required de novo

protein synthesis as it could be abrogated by cycloheximide, an inhibitor of protein synthesis. Possible role of

endogenous (IFN-g-induced) TGF-h in mediating CD13/APN up-regulation could be excluded, since no TGF-h
was found in supernatants of IFN-g treated HL-60 cells. Thus, our data show regulation of CD13/APN on cells of
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myelo-monocytic origin by a T-cell derived cytokine, IFN-g. A similar mechanism might play a role in

inflammation.
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Introduction

Aminopeptidase N (APN; CD13; EC 3.4.11.2), also called alanyl aminopeptidase, is a zinc-dependent

metallopeptidase (clan MA, family M1, ID: M1.001, gluzincins) (Hooper, 1994; Rawlings and Barrett,

1999) that cleaves neutral amino acids from the N-terminus of oligopeptides (Shipp and Look, 1993;

Riemann et al., 1999; Lendeckel et al., 2000). Human APN cDNA has been cloned by two independent

groups who showed its sequence to be identical to the myeloid marker CD13 (Olsen et al., 1988; Look et

al., 1989). Human APN gene, located on chromosome 15 (Look et al., 1986; Watt and Willard, 1990),

spans approximately 35 kilobases (kb), contains 20 exons (Lerche et al., 1996) and encodes two RNA

transcripts (3.4 and 3.7 kb) that are controlled by two different promoters: myeloid and epithelial (Olsen

et al., 1991; Shapiro et al., 1991; Olsen et al., 1994; Shapiro, 1995). APN is membrane-bound 140–160

kDa glycoprotein with type II membrane topology. It is expressed as a non-covalently linked homodimer

on the surface of hematopoietic as well as non-hematopoietic cells (Riemann et al., 1999; Van der Velden

and Hulsmann, 1999; Riemann, 2002). Outside the hematopoietic system, CD13/APN is expressed on

epithelial cells of the intestine and kidney, hepatocytes, osteoclasts, endometrial cells, fibroblasts,

endothelial cells, bone marrow stromal cells and on neuronal synaptic membranes (Shipp and Look,

1993; Lendeckel et al., 2000). Although conventionally accepted as a myeloid marker for normal and

malignant cells of the myeloid lineage, CD13/APN has recently been detected as well on the

lymphocytes, following malignant transformation, inflammation and cell activation (Wex et al., 1997;

Lendeckel et al., 1999; Riemann et al., 1999; Lendeckel et al., 2000).

Since APN has an extracellularly oriented catalytic domain, it is classified as an ectopeptidase capable

of cleaving various extracellular peptides. Its spectrum encompasses opioid peptides such as enkephalins

and endorphins, neuropeptides such as neurokinin A and somatostatin, inflammatory peptides such as

tuftsin, N-formyl-Met-Leu-Phe (fMLP) and monocyte chemoattractant protein (MCP-1), vasoactive

peptides such as angiotensin III and kallidin, and peptides of the extracellular matrix (Shipp and Look,

1993; Riemann et al., 1999; Lendeckel et al., 2000). Contradictory data on degradation of IL-8 by APN

have been reported (Kanayama et al., 1995; Kehlen et al., 2001). Recently, a more complex interaction

between the IL-8 and APN in regulating the local concentration of the chemokine has been suggested,

showing that inhibitor of APN bestatin, not only decreased degradation, but also increased production of

IL-8 (Mishima et al., 2002). Hence, APN is evidently involved in regulation of peptide-mediated cellular

responses. By activating/inactivating extracellular peptides endowed with signal functions, APN changes

their local concentrations and thereby modifies transduction of their signals (Shipp and Look, 1993;

Lendeckel et al., 2000; Riemann, 2002).

Several other membrane-bound ectopeptidases, such as CD10/NEP and CD26/DPPIV are co-

expressed with CD13/APN in many cells. Those ectopeptidases may collaborate with CD13/APN in

peptide-mediated cellular responses, thus regulating cell proliferation, adhesion, signal transduction,
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activation, differentiation and transformation (Kenny et al., 1989; Shipp and Look, 1993; Van der Velden

and Hulsmann, 1999; Lendeckel et al., 2000; Riemann, 2002).

CD13/APN has many other functions. It is a receptor for human coronavirus 229 E and

cytomegalovirus (Soderberg et al., 1993; Yeager et al., 1992), may serve as a target receptor for drug

delivery into tumors, and may contribute to angiogenesis (Pasqualini et al., 2000; Bhagwat et al., 2001;

Curnis et al., 2002). CD13/APN is involved in processing and presentation of the peptides bound to

major histocompatibility class molecules I or II on antigen-presenting cells such as mononuclear

phagocytes and dendritic cells (Larsen et al., 1996; Amoscato et al., 1998), plays a role in cell adhesion

(the cell-cell and cell-matrix interactions) and in tumor cell migration (invasion) (Menrad et al., 1993;

Saiki et al., 1993; Fujii et al., 1995), controls the cell-cycle and proliferation of myeloid and lymphoid

cells (Wex et al., 1997; Lendeckel et al., 1996; Lendeckel et al., 1999; Lfhn et al., 2002), and

participates in the signal transduction cascade in myeloid and lymphoid cells (Lendeckel et al., 2000;

Santos et al., 2000a). As recently described, APN is localized in lipid rafts of the cell membranes (Santos

et al., 2000b, Riemann et al., 2001).

In spite of numerous data about the biochemical and functional properties of CD13/APN, little is

known about its exact physiological role (or function) on blood cells. It has been suggested that

leukocyte APN could degrade (inactivate) pro-inflammatory peptides and thus terminate the

inflammatory responses. Indeed, APN reduces chemotactic responses of human neutrophil granulocytes

to fMLP, tuftsin and IL-8 (Kenny et al., 1989; Shipp and Look, 1993).

Since APN represents a cellular potential for activation or inactivation of inflammatory peptides,

modulation of its expression by different agents and stimuli may affect the inflammatory responses.

Regulation of APN expression has been studied on epithelial and endothelial cells (Stefanović et al.,

1992; Van Hal et al., 1994; Kehlen et al., 1998), and on fibroblasts (Stefanović et al., 1998; Sorrell et al.,

2003). The most potent APN regulators were cytokines IL-4 and IL-13. In addition, a strong up-

regulation of APN was also obtained with a synthetic glucocorticoid, dexamethasone (Stefanović et al.,

1998; Sorrell et al., 2003). Among the cells of hematopoietic origin, regulation of APN was studied on

human monocytes/macrophages. Effects of IL-4 (Riemann et al., 1995), IFN-g (Van Hal et al., 1994) and

transforming growth factor-beta (TGF-h)(Kehlen et al., 2000) have been reported.

Although myeloid progenitor cells and mature granulocytes express CD13/APN, regulation of the

expression has not been examined in detail. We have addressed, therefore, the effect of a T cell-derived

cytokine, IFN-g, on the expression of CD13/APN on cells of a human myelo-monocytic cell line HL-60

as a model system. These cells have high levels of enzymatically active APN and express strongly the

CD13 membrane marker (Laouar and Bauvois, 1992; Xu et al., 1995). APN was determined at the level

of mRNA, the CD13 membrane marker, and the enzyme activity.
Materials and methods

Chemicals

Recombinant human interferon-gamma (IFN-g), FITC-labeled anti-CD13 (clone WM-47) and FITC-

labeled isotype control (mouse-IgG1), bestatin, actinonin and cycloheximide were all purchased from

Sigma. L-Ala-pNAwas purchased from Bachem. Bestatin, actinonin, and L-Ala-pNAwere dissolved in

phosphate-buffered saline solution (PBS) and stored as stock solutions at –20 8C until used.
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Cycloheximide was dissolved in ethanol and stored at –20 8C until used. APN-blocking (WM-15) and

non-blocking (WM-47) anti-CD13 antibodies, were a generous gift from Dr. E. J. Favaloro (Institute of

Clinical Pathology and Medical Research, New South Wales, Australia).

HL-60 cell line

HL-60 cell line (ATCC) was maintained in RPMI-1640 medium containing L-glutamine (3 mM),

HEPES (20 mM), penicillin (0.1 g/L), streptomycin (0.1 g/L), and 10% fetal calf serum (FCS). Cells

were seeded at 1–2 � 105 per mL and the medium was replaced every 48 hours.

Experimental design

HL-60 cells were seeded in 24-well culture-plates in the presence of various concentrations of IFN-g.

Control samples were cultured in medium without IFN-g. Initial concentration of HL-60 cells varied

depending on the length of the treatment (5 � 103 cells/mL to 4 � 105 cells/mL) so as to achieve

approximately the same cell density at the end of treatment. This calculation was based on the growth-

curves showing a t1/2 of about 1 day. At the end of incubation time, the cells were collected, washed in

PBS, counted and adjusted to the desired concentration. Subsequently, the cells were analysed for CD13

membrane expression and APN enzyme activity, or RNA was isolated.

Determination of membrane CD13 by FACS

HL-60 cells (106 per assay) were incubated with FITC-labelled anti-CD13 (clone WM-47; Sigma, cat.

no. F-5671), or the isotype control (mouse IgG1, kappa; Sigma cat. no. F-6397; 0.5 Ag per 106 cells) for

30 min at 4 8C. After 2 washings, the cells were resuspended in PBS with 0.1% BSA and analysed on

FACScan (Becton-Dickinson). All HL-60 cells were CD13+. The density of CD13 expression was

expressed as a mean fluorescence intensity (MFI) obtained with anti-CD13 antibody, corrected for MFI

obtained with the isotype control.

Determination of APN enzyme activity

2 � 105 of HL-60 cells in PBS were mixed with the APN substrate L-Ala-pNA in a final volume of

100 Al in 96-well flat-bottomed plates (Falcon). The incubation (60 min) was carried out in water bath at

37 8C with constant shaking. The reaction was terminated by putting the samples into ice-bath and by

subsequent addition of ice cold PBS (150 AL per well). The plates were spun down (5 min at 400 � g)

and the supernatants (200 AL per well) were transferred to another 96-well flat-bottomed plate. Optical

density (OD) of the cell-free supernatants was measured by using an ELISA reader with selective filter

for 405 nm. The data are expressed as the amount of hydrolysed para-nitroanilin (nmol/60 min per 2 �
105 cells) according to para-nitroanilin standard curve.

Semiquantitative RT-PCR analysis

Total cellular RNA was extracted from HL-60 cells using dHigh Pure RNA IsolationT kit (Roche)
following the manufacturer’s instruction. RNA concentration was determined by absorption at 260 nm
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using a spectrophotometer. Total cellular RNA (1 Ag) was heated at 65 8C for 5 minutes and

subsequently used as a template for the first strand cDNA synthesis. The reaction mixture contained 3 Ag
of random hexadeoxynucleotide primers (Roche), 1 mM dNTP mix (Roche), 40 units RNase-Inhibitor

(Roche), 10 mM dithiothreitol (Sigma), 1 � reverse transcription buffer (Roche) and 40 units Moloney

murine leukemia virus (M-MuLV) reverse transcriptase (RT) (Roche) in a final volume of 20 AL. The
reaction mixture was incubated at 37 8C for 1 hour and heated to 65 8C for 10 minutes. cDNA

synthesised as described above was diluted 5 times in DNase and RNase free water (Gibco) and stored at

�20 8C. Each RT included two negative controls: RNA sample without M-MuLV RT, and M-MuLV RT

without the RNA template. Housekeeping gene ABL was used as an internal standard and as a control

for the presence of contaminating DNA (Watzinger and Lion, 1998). The predicted size of PCR

amplified ABL cDNA is 193 bp while the same reaction give a 793 bp fragment from genomic DNA.

Only RTs that proved to be free of contaminated DNA were subjected to further examination. The

predicted size of amplified cDNA of APN was 450 bp.

The sequences of the specific primers and reaction conditions used for PCR are defined in Table 1.

PCR was performed using 2 AL of the cDNA diluted as described above on a Perkin Elmer 9600

thermocycler. Initial denaturation at 95 8C for 3 min and the last extension step at 72 8C for 10 min were

used for both PCR. Reaction was performed in total volume of 20 AL with 1 unit of Taq polymerase

(Roche), 0.2 mM dNTP (Roche), 1 � PCR buffer (Roche), 0.20 AM of each primer. Six microliters of

each PCR reaction were resolved by electrophoresis in 1.5% agarose gel, stained with ethidium bromide,

and visualised under ultraviolet light. Densitometric analysis was performed using Image Master VDS

software 1.0 (Pharmacia).

In order to obtain semiquantitative results, the PCR products of both the APN and of the housekeeping

ABL gene, were measured during the log phase of the reaction, i.e. before saturation was reached.

Preliminary experiments were performed in order to determine the number of cycles which would result in

linear relationship between the number of cycles and amount of PCR pruducts (data not shown).

Determination of TGF-b by ELISA

Presence of TGF-h in supernatants of HL-60 cultures after treatment with IFN-g was examined by

ELISA following manufacturer’s instruction (Promega cat. no. G7590). All samples were run in

duplicates.

Statistical analysis

Significance of the observed data was statistically evaluated by Student’s t-test. The level of

significance was set at p b 0.05.
Table 1

Primer sequences and conditions used for PCR amplification

Gene Sequence (5V-3V) Denaturation Annealing Extension Primer reference

ABL F. agcatctgactttgagcc 30 s at 95 8C 30 s at 55 8C 45 s at 72 8C Watzinger and Lion, 1998

R. cccattgtggattatagcctaagac

APN F. gccgtgtgcacaatcatcgcact 30 s at 95 8C 30 s at 57 8C 45 s at 72 8C Wex et al., 1995

R. caccagggagcccttgaggtg
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Results

CD13 membrane expression

Time- and concentration-dependence of the effect of IFN-g on membrane expression of CD13 on HL-

60 is shown in Figs. 1 and 2. The effect depended on duration of the treatment: short exposure of the cells

to IFN-g (for 24 and 48 hrs) decreased, whereas prolonged treatment (96 hrs) increased CD13 expression

on HL-60 cells. In the applied range of concentrations (6 to 100 ng/mL), the effects of IFN-g were of

similar extent in both directions, i.e. in down- as well as in up-regulation (Fig. 3A and B, respectively).

APN enzyme activity

In order to test whether the IFN-g-regulated CD13 protein was a functionally active, the

APN enzyme activity of HL-60 cells was measured. Time- and concentration-dependence were
Fluorescence intensity

Control IFN-γ

IFN-γ Control

(A)

C
o

u
n

ts

Fluorescence intensity 

Control

Control
IFN-γ

IFN-γC
o

u
n

ts

(B)

51
2

0

100 101 102 103 104

51
2

0

100 101 102 103 104

Fig. 1. Time-dependent regulation of membrane CD13 on HL-60 cells induced with IFN-g. HL-60 cells were incubated with

IFN-g (6 ng/mL) for 24 (A) or 72 h (B). Control cells were incubated in medium. At the end of incubation, the cells were

washed and labeled with anti-CD13-FITC or isotype control (mouse-IgG1-FITC). The results are presented as histograms (i.e.

distribution of cells according to their fluorescence intensity).
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examined. A short exposure of the cells to IFN-g (for 24 hrs) decreased, whereas a prolonged

exposure (for 96 hrs) increased the APN enzyme activity (Fig. 4A and B). All tested

concentrations (3, 6, 12, 25 and 50 ng/ml) produced similar effects (Fig. 4A and B). Thus,

IFN-g-induced changes in CD13 membrane expression paralelled similar changes in APN

activity.
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Specificity of the effect of IFN-c

Specificity of the effect of IFN-g on membrane aminopeptidase activity was analysed by using a

monoclonal antibody against the active site of APN (clone WM-15) which blocks the APN enzyme

activity (Ashmun et al., 1992). This treatment enabled elimination of a possible interference by

cytoplasmic aminopeptidases which cross-react with the substrate Ala-pNA. WM-15 in a final

concentration 10 Ag/mL, blocked 53% to 58% of the APN enzyme activity in a control sample
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(Fig. 4A and B) and abrogated changes in APN activity induced by IFN-g treatment. Non-blocking

anti-CD13 antibody, clone WM-47, was used as a control. Treatment of cells with this antibody did

not have influence on IFN-g-induced changes in APN activity (Fig. 5). Hence, IFN-g specifically

regulated the enzyme activity of membrane-bound APN.
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Regulation of mRNA for APN

Semiquantitative RT-PCR was performed to verify whether the observed regulation of

membrane CD13, associated with parallel changes in APN enzyme activity, was due to alteration

in the level of mRNA for APN. Time-dependence of the effects was examined. Short exposure to

IFN-g (for 24 hrs) moderately decreased (Fig. 6A and B), whereas a longer exposure (72 and 96

hrs) increased the expression of mRNA for CD13/APN (Fig. 6C and D; Fig. 6E and F,
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respectively). The up-regulation of mRNA for APN was most pronounced after 72 hrs of

treatment (Fig. 6 C and D).

Assessment of mediators responsible for the delayed up-regulation of CD13/APN

Since up-regulation of APN after treatment with IFN-g was postponed, both at the mRNA (72 and

96 hrs) and at the membrane protein (CD13/APN) level (72 and/or 96 hrs), we proposed that it might

be due to an indirect effect caused by de novo synthesised factor(s) induced by IFN-g. In order to

examine this hypothesis, an inhibitor of protein synthesis, cycloheximide, was applied 24 hrs before

the CD13 up-regulation becomes detectable. Cycloheximide abrogated the CD13 increase in a dose-

dependent manner (Fig. 7). Assuming that the de novo synthesised protein might be TGF-h, a potent

CD13/APN stimulator of another cell line of monocytic origin, U-937, we determined its presence in

supernatants of IFN-g-treated HL-60 cells. However, no TGF-h was found at either IFN-g

concentration (25 and 6.2 ng/mL) applied after 48, 72 or 96 hrs (data not shown). The data suggest

that IFN-g does not induce TGF-h secretion from HL-60 cells that would account for the observed

CD13/APN up-regulation.
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Discussion

In this study, we have shown that T-lymphocyte derived cytokine IFN-g, modulates expression of

CD13 on human myelo-monocytic cell line HL-60 in a time-dependent manner: down-regulation occurs

after a short exposure (24 and/or 48 hrs) and up-regulation after a longer exposure (72 and/or 96 hrs).

The changes of enzymatically active (APN) membrane CD13 were preceded by similar changes in

mRNA for APN, i.e. maximal up-regulation of mRNAwas recorded 72 hrs after the exposure to IFN-g,

and maximal up-regulation of CD13/APN occurred after 96 hrs. IFN-g-induced changes in APN

expression can be completely abrogated by an APN blocking antibody WM-15, hence, these changes

can be attributed to a membrane aminopeptidase N. To our knowledge this is the first report of regulation

of CD13/APN expression by IFN-g on immature cells of myelo-monocytic origin.

Initial down-regulation of CD13 (for 28% to 38%) was associated with decreased APN activity (for

29% to 32%), as well as with decreased mRNA for APN (for up to 50%). Since the HL-60 cell line, used

as a model in this study, is of myelo-monocytic origin, we can speculate that a similar decrease of the

APN expression on mature granulocytes and monocytes at the sites of inflammation might help ensure

high and sustained concentrations of pro-inflammatory peptides in early stages of the inflammatory

process. Indeed, a decreased APN expression was recorded on peripheral blood monocytes after a 3–day

treatment with IFN-g (Van Hal et al., 1994). Several inflammatory peptides have been reported to be

substrates for APN, such as chemokine MCP-1 (Weber et al., 1996), chemotactic peptides fMLP (Shipp

and Look, 1993) and tuftsin (Xu et al., 1995); and vasoactive peptide angiotensin III (Riemann et al.,
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Fig. 7. Abrogation of IFN-g-induced CD13 up-regulation by cycloheximide. HL-60 cells were incubated with IFN-g (6 ng/mL)

for 96 hrs. Control cells were incubated in medium. Twenty-four hours before the end of incubation, cycloheximide of indicated

concentrations was added, and the incubation continued for 24 hrs. At the end of treatment (96 hrs with IFN-g, 24 hrs with

cycloheximide) the cells were washed, adjusted to the same concentration, and labeled with anti-CD13-FITC or isotype control

(mouse-IgG1-FITC). The results are expressed as MFI (MFI of CD13-positive cells minus MFI of the respective isotype

control) and presented as percentages of the control (cells incubated in medium). Results of one out of two experiments with

similar results are presented. Open bars: cells treated with cycloheximide only; hatched bars = cells treated with IFN-g and

cycloheximide.
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1999). In addition, susceptibility of chemokine IL-8 to degradation by APN has been also reported

(Kanayama et al., 1995). On the other hand, data of Mishima et al. (2002) suggest that inhibition of APN

is also associated with an increased production of IL-8.

After a prolonged treatment of HL-60 cells with IFN-g (for 72 and 96 hrs), the initial down-regulation

of CD13/APN was replaced by up-regulation. The increased APN enzyme activity (for up to 35%) was

associated with increased membrane CD13 (for up to 89%) as well as with increased level of mRNA for

APN (for up to 100%). Similar data have been reported by Riemann et al. (1999) and Van der Velden et

al. (1998) who found that anti-inflammatory cytokine IL-4 up-regulated CD13 and/or APN on renal and

bronchial epithelial cells, respectively, after a 3 to 5 days treatment. Increased CD13/APN, associated

with increased APN mRNA, was found by Van Hal et al. (1994) on endothelial cells after a 2 to 4 days

treatment with IL-4. Recently, TGF-h has also been reported to up-regulate CD13 on human monocytic

cells (Kehlen et al., 2000). The increase could be observed at the mRNA level, as well as at the level of

membrane protein and APN enzyme activity. The intensity of changes induced by TGF-h was mRNA N

CD13 N APN. The data presented in this study are in line with those reported by Kehlen et al. (2000), i.e.

the maximal increase was observed with mRNA (for up to 100%), followed by membrane expression of

CD13 (for up to 89%) and APN enzyme activity (for up to 35%).

The regulatory ability of IFN-g may not be restricted only to HL-60 cell line. In contrast to low-

differentiated (myelo-monocytic) HL-60 cells that express high levels of CD13/APN, cells of the U937

line are partly differeniated toward monocytes and express low levels of CD13/APN (data not shown).

We show here that IFN-g moderately increased (for 30% to 89%) the high basal level of CD13 in HL-60

cells. However, IFN-g strongly increased (up to 5 times) the low basal level of CD13 expressed on U937

cells, but no initial decrease of CD13 was observed on U937 treated with IFN-g (data not shown;

manuscript in preparation). Thus, IFN-g increased CD13/APN on both cell lines of myelo-monocytic or

monocytic origin (HL-60 and U937, respectively), but the extent and kinetics of the increase differed.

Kehlen et al. (2000) studied regulation of CD13/APN by TGF-h on the partly differentiated

monocytic cell line U937 and on the more differentiated monocytic line Mono-Mac6 and found that the

up-regulation was more pronounced in the immature than in the mature cells. In the view of those, as

well as our data, the APN regulation by IFN-g might be relevant for cells of myelo-monocytic origin.

The increased CD13/APN expression induced by IFN-g on HL-60 cells found in this study was

delayed, suggesting the requirement for de novo synthesis of secondary factor(s) regulating CD13/APN

expression directly. Indeed, the IFN-g-induced CD13 up-regulation could be abrogated by cyclo-

heximide in a dose-dependent manner, demonstrating requirement for de novo synthesis of protein(s).

TGF-h, a powerful stimulator of APN on monocytic cell line U937 (Kehlen et al., 2000), was checked as

a possible candidate, but was not found in supernatants of IFN-g-treated HL-60 cells. Thus, the up-

regulating effect of IFN-g on CD13/APN could not be attributed to TGF-h. This conclusion is further

strengthened by our observation that HL-60 cells could increase CD13 expression upon stimulation with

exogenously added TGF-h (data not shown). IL-4, also reported as potent modulator of CD13/APN on

bronchial epithelial cells (Van der Velden et al., 1998) and fibroblasts (Sorrell et al., 2003), could be

excluded as a mediator of IFN-g-induced CD13 up-regulation as well, as it only marginally (up to 10%)

and transiently increased CD13 on HL-60 cells after 24 hrs treatment (data not shown). Similarly to the

results of this study, Stefanović et al. (1992) observed postponed up-regulation of CD13 on glomerulal

epithelial cells treated with IFN-g for 5 to 11 days.

Up-regulation of APN was also observed with some growth factors that initiate differentiation. For

example, Laouar et al. (1993) reported up-regulation of APN enzyme activity on HL-60 cells after
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induction of their differentiation toward monocytes by the granulocyte-macrophage colony-stimulating

factor (GM-CSF). In contrast, a decrease of the APN expression was observed when the cells were

driven toward differentiation into granulocytes by retinoic acid.

The most potent regulator of APN expression seems to be the synthetic glucocorticoid

dexamethasone. It increased APN on human dermal fibroblasts (Stefanović et al., 1998) and in synergy

with IFN-g increased APN activity in bronchial epithelial cells (Van der Velden et al., 1998). Up-

regulation of APN and NEP by dexamethasone has been proposed as an additional mechanism of its

anti-inflammatory and immunosuppressive action (Van der Velden et al., 1998).

Modulation of CD13 membrane expression found in this study was paralleled by a modulation of

APN mRNA suggesting a causal relationship. However, the mechanism of altered mRNA expression

induced by IFN-g is not clear and may encompass altered transcription and/or altered mRNA stability.

The results accrued so far do not allow a distinction between these possibilities. Wex et al. (1997) have

shown that activated T lymphocytes up-regulate APN mRNA due to an increased stability of the mRNA.

The specificity of the IFN-g induced modulation of the APN enzyme activity on HL-60 cells was

checked by using an antibody, WM-15, which is specific for the active site of APN and thus blocks its

enzyme activity (Favaloro, 1993). Indeed, 53% to 58% of the APN activity could be blocked by WM-15

in HL-60 cells. In addition, the blocking WM-15, but not the non-blocking WM-47 antibody, completely

abrogated both the down- and up-regulated APN induced by IFN-g treatment. These data strongly

suggest that the enzyme activity regulated by IFN-g, found in this study, is due to membrane APN and

not to other peptidases with similar substrate selectivity. Namely, intracellular leucine-aminopeptidase

which shares substrate selectivity with APN, could also be activated by IFN-g (Harris et al., 1992). Due

to its intracellular localisation, leucine-aminopeptidase could not be blocked by WM-15 antibody.

The initial down-regulation of APN induced by IFN-g might reflect a mechanism by which the

inflammatory cells ensure sufficient local concentrations of inflammatory peptides at the onset of

inflammation. In turn, up-regulation of APN after a prolonged exposure to IFN-g may reflect a

quenching mechanism preventing an excessive response. Thus, the same cytokine appears to be capable

of down- and up-regulating cellular armament, by which cells optimise local concentrations of signalling

peptides. In addition, the observed APN regulation by IFN-g might also involve changes in cellular

proliferative ability, since APN seems to play a role in the regulation of cell growth (Lfhn et al., 2002).

In summary, the data of this study obtained at the level of mRNA, membrane protein and its enzyme

activity, have shown that IFN-g modulates expression of CD13/APN on human myelo-monocytic cell

line HL-60 in a time-dependent manner: initial down-regulation (24 and/or 48 hrs) switched to up-

regulation after a longer exposure (72 and/or 96 hrs). The postponed increase of CD13/APN seems to be

due to de novo synthesised regulatory protein(s) other than TGF-h. Knowledge about the regulatory

mechanism(s) of CD13/APN expression on mature monocytic or myeloid cells which participate in the

immune and inflammatory responses might help targeted manipulation of CD13/APN in pathological

states, such as chronic inflammation, auto-immune and allergic diseases.
Acknowledgements

The authors wish to thank Professor Dr. Milivoj Boranić, MD, RuDer Bošković Institute, Division of
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