Arch Dermatol Res (1988) 280:346—353

Archives of

DErnTatological
ReSeatel

© Springer-Verlag 1988

Granulocyte-activating mediators (GRAM):
II1. Further functional characterization of monocyte-derived GRAM *

A. Kapp!, G. Zeck-Kapp?, A. Méller®, and R. Putz*

Departments of ! Dermatology, 2 Pathology, and * Anatomy III, University of Freiburg,

and *BASF AG, Hauptlabor, Ludwigshafen, FRG

Summary. As shown previously monocytes upon stimu-
lation with bacterial lipopolysaccharides (LPS) release
granulocyte-activating mediator(s) (M-GRAM) which
induced a long-lasting chemiluminescence (CL) re-
sponse in human granulocytes. M-GRAM could be sep-
arated from interleukin-la and B, interleukin-2, inter-
feron o and y, granulocyte colony stimulating factor
(G-CSF) and macrophage colony stimulating factor (M-
CSF), since these cytokines were shown to be unable to
induce a significant CL response. In contrast, granulo-
cyte macrophage colony stimulating factor (GM-CSF)
and particularly tumor necrosis factor (TNF) are
important triggers of the oxidative burst and they are
capable of inducing a CL response. TNF activity but
not lymphotoxin (LT) activity could be demonstrated in
M-GRAM samples. A polyclonal rabbit IgG as well
as a monoclonal antibody to recombinant human TNF
which neutralized the TNF activity in M-GRAM prep-
arations did not substantially block the CL signal. Fur-
thermore, M-GRAM-induced CL response was not sig-
nificantly inhibited by a polyclonal calf antiserum to
human recombinant GM-CSF. For further functional
characterization of M-GRAM-induced granulocyte ac-
tivation different assays were performed in order to
compare GM-CSF and TNF: (a) SOD-inhibitable
cytochrome C-reduction ('O;7); (b) horse radish
peroxidase-mediated oxidation of phenol red (H,0:);
(c) the release of peroxidase; (d) ultrastructural detec-
tion of hydrogen peroxide production; and (e) scanning
and transmission electron microscopy (SEM and
TEM). Significant release of ‘O, was induced by M-
GRAM, TNF, and GM-CSF, whereas H,0, pro-
duction was significantly stimulated only by M-GRAM
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and TNF, as shown by functional and ultrastructural
assays. In contrast, only M-GRAM was able to induce
significant release of peroxidase. Granulocyte acti-
vation could be visnalized by SEM and TEM. Upon
stimulation with M-GRAM polymorphonuclear
neutrophilic granulocytes (PMN) showed an increased
adherence to the substratum, developing an increased
number of intracytoplasmic vacuoles and short filo-
podia, whereby the morphological pattern was different
from that induced by GM-CSF and TNF. Based on our
results we suggest that M-GRAM activity is mediated,
in addition to TNF, by a possible new cytokine which
is capable to specifically activate granulocytes turning
them into scavengers of invading microbes and para-
sites.
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As has been shown previously monocytes as well as
epidermal cells (ECs) are capable of producing
granulocyte-activating mediators (GRAM) [4—6]
which induce a long-lasting chemiluminescence (CL)
signal in isolated human polymorphonuclear neutro-
philic granulocytes (PMNs). These mediators can be
separated from interferon o and y, interleukin-1 o and
B, interleukin-2, granulocyte colony stimulating factor
(G-CSF), macrophage colony stimulating factor
(M-CSF), and from additional relevant cytokines
which have been suggested to influence human PMN
functions [4, 6]. Only granulocyte-macrophage colony-
stimulating factor (GM-CSF) [7], tumor necrosis
factor/cachectin (TNF), and lymphotoxin (LT) [8] are
potent activators of PMN oxidative metabolism. In
the present study we, therefore, investigated whether
these mediators are responsible for GRAM activity

released by monocytes. Furthermore, the biological
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activity of these relevant mediators is compared in
different assay systems by using functional as well as
ultrastructural criteria.

Materials and methods
Cytokines

E. coli-derived recombinant GM-CSF was a kind gift from Dr.
J. DeLamarter (Biogen, Geneva, Switzerland), and had a specific
activity of 1.1 x 10° U/ug in the CML assay [11]. The material
had an endotoxin concentration of 0.5 EU/10 pg in the limulus
amebocyte lysate assay.

E. coli-derived recombinant human TNF and recombinant
human lymphotoxin (LT) were produced by BASF (Lud-
wigshafen, FRG) with a specific activity of 8.5 x 10° U/mg for
TNF and 6 x 107 U/mg protein for LT. Biologic activity of TNF
and LT was monitored by a standard 48-h cell lytic assay using
mouse L-929 fibroblast cells grown in absence of actinomycin
D [1, 2. Furthermore, TNF and LT concentrations were deter-
mined using a double sandwich ELISA with monoclonal anti-
bodies.

Recombinant human G-CSF and M-CSF/CSF-1 were a
kind gift from Dr. Seiler (Behring, Marburg, FRG). Re-
combinant human interleukin-3 and interieukin-4/BSF-1 were
purchased from Genzyme (Boston, USA).

Before testing all cytokines were diluted in PBS containing
50 pg/mli bovine serum albumin (BSA).

Concentrated semipurified M-GRAM and EC-GRAM were
prepared as described previously [4, 6].

Reagents and antibodies

Ficoll-Paque solution was obtained from Pharmacia (Freiburg,
FRG); purified BSA, lucigenin, phorbol-myristate-acetate
(PMA), f-met-leu-phe, zymosan A, ferricytochrome C (type I11),
cytochalasain B, phenosulfonphtalein (phenol red, sodium salt),
D-mannitol, dimethylthiourea (DMTU), o-phenylen-diamine
(OPD), cetylirimethylammonium bromide (CETAB), horse-
radish peroxidase (HRPO, type II), superoxide dismutase (SOD,
type I), catalase (bovine liver), normal rabbit and calf serum,
and zymosan were obtained from Sigma (Munich, FRG). Cul-
ture media and antibiotics, were purchased from Biochrom-
Seromed (Berlin, FRG). CeCl; and 3-Amino-1,2,4 triazole (AT)
were from Fluka (Buchs, Switzerland). Reagents and media
for electron microscopy were obtained from Roth (Karlsruhe,
FRG). A calf and a rabbit antiserum to recombinant human
GM-CSF wre a gift from Dr. P. Moonen (Biogen, Geneva,
Switzerland). A rabbit antiserum, rabbit anti-IgG, and a
neutralizing monoclonal mouse anti-IgG against recombinant
human TNF were from BASF (Ludwigshafen, FRG).

Isolation of human PM Ns and bioassays

Human PMNs were isolated as previously described [7, 8]. Fol-
lowing isolation, PMNs were suspended in different media as
indicated.

Lucigenin-dependent CL, detection of superoxide and hy-
drogen peroxide production, release of peroxidase, and ultra-
structural detection of granulocyte activation: all bioassays were
performed as described previously [7, 8].

Statistical analysis

Statistical significance of the data was calculated using Student’s
t-test and Mann-Whitney’s U-test.
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Table 1. Effect of preincubation with M-GRAM on the chemi-
luminescence (CL) response of polymorphonuclear neutrophilic
granulocytes (PMNs) to different stimuli

A. Preincubation with?

Stimulus M-GRAM Medium

M-GRAM (50 ul) 16+ 9> 350424 P <0.001
EC-GRAM (50 u)* 59+ 1 236+17 P <0.001
Medium (50 pl) 35+ 2 30412 NS¢
PMA (25 ng/ml) 588425 850+ 68 P <0.05
Zymosan (1 mg/ml) 939+ 52 1171433 P<0.02
B. Preincubation with?

Stimulus M-GRAM Medium

f-met-phe (1074 M) 27+ 1 5+ 1 P<0.001
Medium 1.2+0.1 0.1+ 0.02

* PMNs were preincubated with 50 pl M-GRAM or Medium
for 120 min at 37° C and subsequently stimulated with the stimuli
indicated

® Values represent the mean + SEM of 3 experiments

¢ Values are expressed as 60-min integral counts (counts x 1079),
only following stimulation with f-met-phe the peak CL response
within 10 min (cpm x 10~ %) was calculated

4 Not significant

Table 2. Effect of different growth factors on CL response of
human PMNs.

CL response (counts x 1079)2

(U/ml) G-CSF® M-CSF  IL-3 IL-4
10° 157451° 7.5+1.3 - -
10* 86+13  68+1.0 - -
10° 63410 73+13  514+154 97424
102 66+1.6 75+13 113+ 23 101+12
10 63+1.7 76+14 60+ 08 9.6+1.8
1 - - 77+ 18 -
0.1 - - 70+ 12 -
BG 66+12  79+13 69+ 11 99+16
PMA (10 ng/ml) 1001.9 + 61.6

? 60-min integral counts were measured

® PMNs were incubated with different concentrations of the
growth factors indicated and the CL response was measured for
60 min at 37°C. Cytokinases were diluted in PBS containing
50 pg/ml BSA

¢ Values represent the mean + SEM of 4 to 5 experiments on 5
donors

Results

Modulating effect of M-GRAM
on cellular reactivity of PMNs

To further evalutate the effect of M-GRAM on the CL
response of PMNs to subsequent stimulation, PMNs
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Table 3. Biological and immunological detection of tumor
necrosis factor (TNF) and lymphotoxin (LT), detection of
colony stimulating factor (CSF)-activity in M-GRAM and
EC-GRAM preparations
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Table 5. Effect of rabbit anti-TNF on the M-GRAM-induced
CL response of human PMNs

CL response (counts x 107 )®

TNF*? LT® Cytotoxic® CSF
activity activity
(ng/m)  (ng/m)  (Uml)  (Ujml)
M-GRAM 9.3 0 205 0
EC-GRAM 0 0 0 3x 103

Stimulus + Rabbit _ + Rabbit

serum® anti-TNF
TNF 311.64+24.7°¢ 2334 7.7 P <001
M-GRAM 346.0 4+ 45.5 359.0 +47.8 N.S.
Medium 143+ 2.2 10,0+ 04 N.S.

« Immunologic detection of TNF and LT was done with a
double sandwich ELISA using monoclonal antibodies against
recombinant human TNF and LT

® Biological activity was determined using a cytotoxicity assay
as described in Methods

© CSF activity was detected using the CML assay (11)

Table 4. Effect of an antiserum against granulocyte-macrophage
colony stimulating factor (GM-CSF) on the M-GRAM-induced
CL response of human PMNs

CL response (counts x 1075)*

2 60-min integral counts were measured

b 30 pl M-GRAM, TNF (10* U/ml), or Medium were incubated
with 30 pl normal rabbit serum or rabbit antiserum against
recombinant human TNF (1:20) for 30 min at room tempera-
ture, subsequently 50 pl were added to the PMNs for testing the
CL response

© Values represent the mean + SEM of 4 experiments on 2 do-
nors

Table 6. Effect of different antibodies against TNF on the
M-GRAM-induced CL response of human PMNs

Stimulus + Calf serum® + Calf
anti-GM-CSF CL response (counts x 10~ °)*

GM-CSF 166.8 +26.4° 321+ 40 P < 0.001 M-GRAM Medium
M-GRAM 55434+ 679 394.6 +49.1 N.S. (1:2)
Medium 2614 32 259+ 3.5 N.S.

Rabbit IgG (10 pg/ml)® 3707 +71.1¢ 3324119
* 60-min integral counts were measured Rabbit anti-TNF IgG (10 pg/ml) 275.9+79.9  28.1+10.2
> 30 ul M-GRAM, GM-CSF (10* Ujml), or Medium were in- '~ c; ) "7' 1( ne/ml) o460 300410
cubated with 30 pl normal calf serum or calf antiserum to re- ouse 1gG2. (1 ug/ml) LR s
combinant human GM-CSF (1 : 10) for 30 min at room tempera- ~ Mouse Ak 195(1 pg/ml) 241.5+444 247+ 74

ture, subsequently 50 pl were added to the PMNs for testing the
CL response
¢ Values represent the mean + SEM of 4 to 6 experiments

were preincubated with M-GRAM and stimulated
with different triggers of the oxidative burst (Table 1).
Following preincubation with M-GRAM, the signal
induced by PMA or zymosan particles was signifi-
cantly decreased (Table 1 A). In addition, PMNs prein-
cubated with M-GRAM were completely deactivated
to further stimulation with the same mediator and
with EC-GRAM. In contrast, preincubation with
M-GRAM resulted in a significantly enhanced re-
sponse following stimulation with the chemotactic
peptide f-met-phe (Table 1B).

Relationship of M-GRAM to other cytokines

Since GM-CSF was shown to be a potent activator of
PMNs [7] different additional growth factors (re-
combinant human G-CSF, M-CSF, interleukin-3, and
interleukin-4) were tested for their effect on PMN
oxidative metabolism (Table 2). Neither G-CSF and

* 60-min integral counts were measured

b 30 ul M-GRAM (1:2) or Medium were incubated with 30 ul
of the antibodies indicated for 120 min at room temperature,
subsequently 50 pl were added to the PMNs for testing the CL
response '

¢ Values represent the mean + SEM of 4 experiments on 4 do-
nors :

M-CSF (10 to 10° U/ml) nor interleukin-4 (10 to
4 x10°® U/ml) exhibited any GRAM activity. Only in-
terteukin-3 induced a detectable CL signal at a concen-
tration as high as 10° U/ml, whereas lower concen-
trations were ineffective.

In addition to GM-CSF, TNF and LT [8] could be
possible candidates for M-GRAM activity. Therefore,
the presence of these mediators was determined in
preparations of M-GRAM and EC-GRAM (Tab-
le 3). Cytotoxic activity could only be detected in M-
GRAM samples. This biologic activity was apparently
due to TNF since no LT was measured by ELISA. In
contrast, CSF activity was only present in EC-GRAM
preparation.

For further characterization, the effect of anti-
bodies specific for recombinant human GM-CSF and
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TNF on M-GRAM-induced CL response was tested.
Of EC-GRAM activity 75% was blocked by the ad-
dition of anti-GM-CSF, as previously shown [6]. The
response to M-GRAM, however, was unaffected
(Table 4). A rabbit antiserum to TNF did not show
any blocking effect on M-GRAM-induced CL signal
(Table 5). To further substantiate this observation,
experiments were done with the purified 1gG fraction
of the antiserum and with a neutralizing monoclonal
antibody against TNF at a concentration which com-
pletely blocked the cytotoxic activity contained in the
tested M-GRAM preparation (Table 6). In addition,
inhibition experiments with TNF and anti-TNF to
which inactivated heated M-GRAM was added clearly
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Fig. 1A —H. Ultrastructural detection of gra-
nulocyte activation induced by M-GRAM.

A Nonstimulated PMNs, 30 min at 37°C, scan-
ning electron microscopy (SEM);

B nonstimulated PMNs, 30 min at 37°C, trans-
mission electron microscopy (TEM); C M-
GRAM stimulated PMNs, 30 mih at 37°C,
SEM; D M-GRAM stimulated PMN5s, 30 min
at 37°C, TEM; E PMNs stimulated with PMA
(10 ng/ml), 15 min at 37°C, SEM; F PMNs
stimulated with PMA (10 ng/ml), 15 min at
37°C, TEM; G ultrastructural detection of
hydrogen-peroxide production fallowing stimu-
lation of PMNs with PMA (10 ng/ml), 15 min
at 37°C, TEM; H ultrastructural detection of
hydrogen-peroxide production following stimu-
lation with M-GRAM, 30 min at 37°C, TEM

demonstrated that M-GRAM did not influence anti-
body binding (data not shown).

Ultrastructural changes and ultrastructural detection
of hydrogen peroxide production

Nonstimulated PMNs remained rounded with ruffled
surface membranes (Fig. 1 A). The cells showed the
characteristic morphology of PMNs, which induces
a multilobulated nucleus, a large population of
morphologically diverse granules, few mitochondria,
and scattered deposits of glycogen (Fig. 1B). Within
30 min following stimulation with M-GRAM, PMNs
were flattened, showing dendritic protrusions in the
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Fig. 2. Comparison of PMN chemiluminescence (CL) response
upon stimulation with M-GRAM, EC-GRAM, GM-CSF, and
TNF. Medium (BG), M-GRAM (1:5), EC-GRAM (1:5), re-
combinant human GM-CSF (10° U/ml), recombinant human
TNF (10 U/ml), and PMA (10 ng/ml) as a control stimulus
were added to the PMNs; 60-min integral counts were measured
(counts x1078). Values represent the mean + SEM of 3 to
5 experiments on 3 to 5 donors

rounded central portion in contact with the plastic
surface (Fig. 1C). Clear intracytoplasmic vesicles were
almost seen at 15 min and were visible to a major
extent within 30 min (Fig. 1D). EC-GRAM, in con-
trast, increased the adherence of PMNss to the plastic
layer significantly within 30 min, whereby the cells
exhibited a long dendritic protrusion mainly seen at
one side of the cells (data not shown). Upon stimu-
lation with PMA, which was used as a control stimu-
lus, attached cells were firmly adherent to the plastic
layer within 15 min, short filopodia were scen in
rounded central portion of the PMNs (Fig. 1E) and
large intracytoplasmic vesicles could be detected
(Fig. 1F).

Production of H,0, in PMNs was visualized by
detection of the electron-dense reaction product ce-
rium perhydroxide at the outer surface of the plasma
membrane and the luminal part of almost all in-
tracytoplasmic vacuoles within 15 min upon stimu-
Jation with PMA (Fig. 1G) and similarly, but to a
lower extent, following stimulation with M-GRAM
(Fig. 1H).
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Fig. 3. Comparison of superoxide production by human PMNs
upon stimulation with M-GRAM, EC-GRAM, GM-CSF, and
TNF. Medium (BG), M-GRAM (1:5), EC-GRAM (1:5), re-
combinant human GM-CSF (10% U/ml), recombinant human
TNF (10 U/ml), and PMA (10 ng/ml) as a control stimulus were
added to the PMNs. The SOD-inhibitable part of cytochrome-C
reduction was measured for 60 or 120 min at 37°C (nM
"0, " /well). Values represent the mean + SEM of 3 to 5 exper-
iments on 3 to 5 donors

Chemiluminescence, production of superoxide

and hydrogen peroxide, release of myeloperoxidase
— comparison of M-GRAM with EC-GRAM,
GM-CSF, and TNF

When testing the capacity of the different factors to
induce a CL response in human PMNs, comparable
results were obtained (Fig. 2). Similar results were
found with superoxide production (Fig. 3). Rates of
hydrogen peroxide production were almost identical
following stimulation with M-GRAM, EC-GRAM,
and TNF. GM-CSF, however, had a significantly
lower effect (Fig. 4). Whereas EC-GRAM, GM-CSF,
and TNF represented weak inducers of the release of
myeloperoxidase, M-GRAM proved to be a signifi-
cant stimulus (Fig. 5).

Discussion

The present paper is considering the question whether
M-GRAM represents a new cytokine. First, it was
investigated whether well-known cytokines represent
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Fig. 4.Comparison of hydrogen-peroxide production by human
PMNs upon stimulation with M-GRAM, EC-GRAM, GM-
CSF, and TNF. Medium (BG), M-GRAM (1:5), EC-GRAM
(1:5), recombinant human GM-CSF (10 U/ml), recombinant
human TNF (10° U/ml), and PMA (10 ng/ml) as a control
stimulus were added to the PMNs. HRPO-mediated oxidation
of phenol red was measured for 60 or 120 min at 37°C (nM
H,0,/mi). Values represent the mean + SEM of 3 to 5 exper-
iments on 3 to 5 donors

candidates for M-GRAM. For this purpose mediators
which were suggested to affect PMN functions were
tested for their capacity to elicit a CL response in
human PMNs.

Based on our findings IFN « and y [4], IL-1a and
B 16], IL-2 [6], IL-3 and EC-IL-3 {3, 10], IL-4, G-CSF,
M-CSF, and the chemotactic factors MOC/MONAP
[9, 14], and ANAP [6, 13] were apparently not respon-
sible for M-GRAM activity. At highest and un-
physiologic concentrations, however, IFNy, IL-18,
MOC/MONAP, ANAP (anionic neutrophil-activat-
ing peptide), and particularly IL-3, were able to induce
a distinct CL response in human PMNs. Therefore,
the effect observed was not of any relevance for our
question. In addition, M-GRAM as well as EC-
GRAM could be easily separated from MOC/
MONAP and ANAP during biochemical purification
(A. Kapp and J. Schréder, unpublished observation).
Furthermore M-GRAM and EC-GRAM prep-
arations used were devoid of chemotactic activity
(4, 6].
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Fig. 5. Comparison of the release of myeloperoxidase from hu-
man PMNs upon stimulation with M-GRAM, EC-GRAM,
GM-CSF, and TNF. Medium (BG), M- GRAM (1:5), re-
combinant human GM-CSF (10° U/ml), recombmant human
TNF (10° U/ml), and PMA (10 ng/ml) as a cgntrol stimulus
were added to the PMNs. Release of myeloperoxndase was mea-
sured for 60 min at 37°C (% of total cellular content released).
Values represent the mean + SEM of 3to 5 experlments on3to
5 donors

Based on previous investigations [7, 8], GM-CSF,
TNF, and LT were suggested to be the most relevant
characterlzed cytokines with GRAM agtivity. Their
effect on PMN oxidative metabolims has been pre-
viously described in detail [7, 8]. We, therefore, tested
whether these cytokines are present in preparations of
M-GRAM or EC-GRAM by using biological and
1mmunologlcal assay systems. CSF activity was only
detected in EC-GRAM samples, but not in
M-GRAM. In contrast, M-GRAM samples exhibited
a significant cytotoxic activity. Using the ELISA tech-
nique no LT, but TNF at significant concentration
could be detected in semipurified M- GRAM prep-
arations. Therefore, the observed cytotoxic effect ap-
peared to be due to TNF. The results confirmed the
previously proposed relationship between EC-GRAM
and GM-CSF [6] and suggested a relation between
M-GRAM and TNF.

Thus, the effect of different neutralizing antibodies
against GM-CSF and TNF on M-GRAM-induced CL
response was tested. Whereas anti-GM-CSF inhibited
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75% of the effect induced by EC-GRAM [6], the CL
signal following stimulation with M-GRAM remained
unchanged. This was very likely because, no CSF ac-
tivity could be detected in M-GRAM samples. In-
terestingly, a rabbit antiserum against TNF was inef-
fective in blocking the effect of M~-GRAM on human
PMNs. Therefore, the purified IgG fraction of the
antiserum as well as a neutralizing monoclonal anti-
body were tested. All antibodies were tested at concen-
trations which completely blocked the cytotoxic ac-
tivity present in the M-GRAM samples tested. Even
under the described conditions, no significant inhi-
bition of the M-GRAM-induced CL response was
observed. In addition, the inhibiting effect of contami-
nants in M-GRAM samples on antibody binding was
excluded. Hence the effect of M-GRAM on PMNs
was not simply due to TNF although this mediator
was present in the preparations tested.

Therefore, it appears likely that LPS-stimulated
monocytes release at least two granulocyte-activating
mediators which are capable of activating the oxidat-
ive burst in PMNs. One of these is TNF, the other
probably represents a new cytokine.

In examining the ultrastructural changes induced
by EC-GRAM, similar effects were found as with
TNF [8] and GM-CSF [7]. PMNs firmly adherent at
the plastic surface were typically polarized, showing
very long protrusions. M-GRAM also increased the
adherence of PMNs, but induced — comparable to
PMA — development of small filopodia. Although
M-GRAM samples contained TNF, the effects in-
duced by M-GRAM preparations were significantly
different from the ultrastructural changes upon stimu-
lation with TNF alone. M-GRAM activity apparently
“dominated” in the semipurified preparations.

Whereas preincubation of PMNs with GM-CSF
resulted in deactivation to further stimulation with
M-GRAM, EC-GRAM, and TNF, PMNs could be
restimulated with GM-CSF and TNF, but not with
M-GRAM following prestimulation with TNF (data
not shown). This finding possibly suggests that differ-
ent subcellular events are triggered by M-GRAM.

No significant differences between M~-GRAM and
the other mediators tested were found when they were
tested for their capacity to induce a CL response or to
produce superoxide. When the production of hydro-
gen peroxide was measured, GM-CSF released signifi-
cantly lower amounts in comparison to M-GRAM,
EC-GRAM, and TNF. These results have been con-
firmed by ultrastructural detection of H,O, release.
M-GRAM, EC-GRAM, and TNF [8] induced effects
comparable with PMA, only GM-CSF was signifi-
cantly less active [7]. Distinct effect of GM-CSF and
EC-GRAM may be due to the glycosylation state of
EC-derived GM-CSF — in contrast to the re-
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combinant E. coli-derived GM-CSF — or could be
caused by EC IL-3/ELSA (epidermal cell derived
leukocyte stimulating activity) present in semipurified
EC-GRAM preparations. Further biochemical
characterization of EC-GRAM to homogeneity is
necessary in order to answer the question.

M-GRAM released significant amounts of
myeloperoxidase from PMNs, in contrast to EC-
GRAM, GM-CSF, and TNF. Release of myelo-
peroxidase is essential for microbicidal action of
PMNs [9]. TNF and GM-CSF, however, do not rep-
resent important triggers of peroxidase release. Thus,
M-GRAM could play a role as a cofactor of TNF. It
is speculated that TNF-induced cytotoxicity via oxi-
dative mechanisms in vivo is dependent on the simul-
taneous release of these two factors. It is to be noted
that PMNs which were prestimulated with TNF could
be restimulated with M-GRAM, but not with other
cytokines in the CL assay.

M-GRAM probably represents a new immuno-
modulating cytokine which — in addition to TNF —
directly activates the oxidative metabolism of human
PMNS.
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