
Differential processing of proenkephalin-A by human peripheral
blood monocytes and T lymphocytes.

W Kuis, … , H G Leser, M Lotz

J Clin Invest. 1991;88(3):817-824. https://doi.org/10.1172/JCI115382.

Human peripheral blood mononuclear cells are analyzed for preproenkephalin gene expression and peptide processing.
Met-enkephalin immunoreactivity as detected with a specific antiserum is found in the cytoplasm of monocytes but not in
T lymphocytes. Secretion of met-enkephalin was analyzed with an RIA that is specific for the met-enkephalin
pentapeptide. Unfractionated PBMC spontaneously released 40 pg/ml met-enkephalin and this increased two- to fourfold
after stimulation with PHA. Lower levels (less than 100 pg/ml) of met-enkephalin were detected in supernatants from
purified T cells that were activated with PHA and IL-2. In contrast, stimulation of purified monocytes with LPS or PMA
resulted in the release of up to 600 pg/ml of the processed peptide. To examine whether T cells can produce met-
enkephalin precursor peptides, T cell conditioned media were treated with trypsin and carboxypeptidase-B, which is
known to release met-enkephalin from the propeptide. This increased levels of met-enkephalin to 400 pg/ml, indicating
that lymphocytes secrete the propeptide but do not process it to met-enkephalin. The 1.4-kb preproenkephalin mRNA is
detected in activated blood mononuclear cells and in purified monocytes and T cells. To determine whether monocytes or
lymphocytes express met-enkephalin in vivo, lymphoid tissues were analyzed by immunohistochemistry. In human spleen
tissue, positive cells were found in the red pulp but not in the follicles, which is also consistent with met-enkephalin
expression […]

Research Article

Find the latest version:

https://jci.me/115382/pdf

http://www.jci.org
http://www.jci.org/88/3?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI115382
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/115382/pdf
https://jci.me/115382/pdf?utm_content=qrcode


Differential Processing of Proenkephalin-A
by Human Peripheral Blood Monocytes and T Lymphocytes
Wietse Kuis, Peter M. Villiger, Hans-Georg Leser, and Martin Lotz
Department of Molecular and Experimental Medicine, Research Institute of Scripps Clinic, La Jolla, California 92037;
and Department of Medicine, University of California, La Jolla, California 92093

Abstract

Human peripheral blood mononuclear cells are analyzed for
preproenkephalin gene expression and peptide processing.

Met-enkephalin immunoreactivity as detected with a spe-
cific antiserum is found in the cytoplasm of monocytes but not
in T lymphocytes. Secretion of met-enkephalin was analyzed
with an RIA that is specific for the met-enkephalin pentapep-
tide. Unfractionated PBMCspontaneously released 40 pg/ml
met-enkephalin and this increased two- to fourfold after stimu-
lation with PHA. Lower levels (< 100 pg/ml) of met-enkepha-
lin were detected in supernatants from purified T cells that were
activated with PHAand IL-2. In contrast, stimulation of puri-
fied monocytes with LPS or PMAresulted in the release of up
to 600 pg/ml of the processed peptide. To examine whether T
cells can produce met-enkephalin precursor peptides, T cell
conditioned media were treated with trypsin and carboxypepti-
dase-B, which is known to release met-enkephalin from the
propeptide. This increased levels of met-enkephalin to 400 pg/
ml, indicating that lymphocytes secrete the propeptide but do
not process it to met-enkephalin. The 1.4-kb preproenkephalin
mRNAis detected in activated blood mononuclear cells and in
purified monocytes and T cells.

To determine whether monocytes or lymphocytes express
met-enkephalin in vivo, lymphoid tissues were analyzed by im-
munohistochemistry. In human spleen tissue, positive cells
were found in the red pulp but not in the follicles, which is also
consistent with met-enkephalin expression in monocytes.

In summary, these results show that human peripheral
blood mononuclear cells express preproenkephalin mRNAand
that monocytes, but not T cells, process the propeptide to met-
enkephalin. (J. Clin. Invest. 1991. 88:817-824.) Key words:
enkephalins * monocytes - lymphocytes

Introduction

Neuropeptides represent one group of regulatory mediators
that coordinate interactions between the nervous system and
cells of the immune system (1). This has been demonstrated for
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peptides that are present in peripheral nerves (2) but also for
the endogenous opioids (3). The mature pentapeptide met-en-
kephalin caused functional and phenotypic changes in T lym-
phocytes. Wybran et al. first demonstrated an increase in active
T rosette formation (4). A series of subsequent studies showed
that met-enkephalin influences specific immunity through the
stimulation of human T cell migration (5), augmentation of
peripheral blood lymphocyte proliferation (6), and through in-
hibition of primary and secondary antibody synthesis in vitro
(7, 8). In addition, enkephalins were shown to stimulate non-
specific effector functions such as chemotaxis (9), superoxide
production (10), antibody-dependent cellular cytotoxicity
(ADCC) (10), and NK cell function (11). The discovery of
opioid receptors on T lymphocytes and monocytes provided a
structural basis for their ability to modulate cell functions (3).
Depending on its cellular origin, met-enkephalin can influence
the immune system in an endocrine, paracrine, or autocrine
way. The major sites of met-enkephalin production in the neu-
roendocrine system are brain, spinal cord and sympathic gan-
glia, and the adrenal medulla (12). The finding that cells of the
immune system may be capable of producing met-enkephalin
provides the basis for paracrine or autocrine effects. The ex-
pression of preproenkephalin A mRNAin an activated mouse
T-helper cell line at high levels comparable to those of typical T
cell specific products such as interleukin-2, indicated that im-
mune cells may be significant producers of enkephalin-like
substances (13). Preproenkephalin mRNAwas also found in
activated murine B cells from spleen, bone marrow, lymph
node, and in murine macrophages (14, 15).

Although these results clearly document that the preproen-
kephalin gene can be transcribed in cells of the immune sys-
tem, it is not known which products are generated from the
precursor protein proenkephalin A. It has been suggested that
T helper cells only secrete intermediate higher molecular
weight enkephalin-like peptides, and that processing to met-
enkephalin does not take place (16). The peptides secreted by
monocytes have not been analyzed. This study was designed to
investigate which cells among human peripheral blood mono-
nuclear cells express the preproenkephalin A mRNA,how this
is regulated, and which peptides are produced. Proenkephalin
A mRNAwas found in activated peripheral blood T cells and
monocytes, but the two cell types are characterized by differen-
tial processing of the propeptide.

Methods

Cell isolation. PBMCfrom healthy adults were isolated by Ficoll-Hy-
paque density gradient centrifugation of heparinized blood. T cells (E+)
and non-T cells (E-) were purified by rosetting with 2-amino-ethyliso-
thiouronium (AET)-treated sheep erythrocytes. Monocytes were iso-

Enkephalins in Monocytes and TLymphocytes 817

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/91/09/0817/08 $2.00
Volume 88, September 1991, 817-824



lated from mononuclear cell suspensions by adherence to plastic (Fal-
con Flasks, Becton Dickinson Co., Lincoln Park, NJ) at 370C in RPMI
1640 medium, supplemented with 10% autologous plasma.

Culture conditions. PBMCand peripheral blood T cells were cul-
tured with PHA(1% vol/vol) (Difco) and IL-2 (Cetus Corp., Emery-
ville, CA) in RPMI 1640 with 5%heat inactivated FBSat a cell concen-
tration of 1 x 106 cells/ml per well in 24-well tissue culture plates
(Costar Corp., Cambridge, MA). Macrophage plates were incubated in
a humidified atmosphere containing 5% CO2 at 370C for up to 3 d.
Analysis of the time kinetics showed that maximal secretion of met-en-
kephalin was reached by 24 h and this time point was thus studied in all
subsequent experiments. Monocytes were resuspended in RPMI 1640
supplemented with 5%heat inactivated FBS at 106/ml and stimulated
with PMA(1-5 ng/ml) or LPS (100 pg-10 Mg/ml).

Immunohistochemistry. Cells were recovered from the tissue cul-
ture plates, washed in PBS, and cytocentrifuge preparations ofmononu-
clear cells were prepared in a Shandon-Elliott centrifuge (Shandon
Southern, Astmoor, Runcorn, Cheshire, England) (500-700 rpm for 5
min) from 150 ,d of the washed cell suspension (106/ml). Monocytes
were cultured and stained on tissue culture chamber slides (Nunc, Inc.,
Naperville, IL). The cells were fixed in a mixture of 99% ethanol and
1%acetic acid for 20 min at 4IC. Monocytes were treated with a block-
ing serum (preimmune goat serum, 1/400 dilution) for 20 min (50 Al).
The cells were incubated at 40C in humidified chambers for 2 h with
rabbit antibody to met-enkephalin (Incstar, Stillwater, MN) at dilu-
tions of 1/100-1/500. This rabbit antiserum was raised against met-en-
kephalin conjugated to bovine thyroglobulin. The slides were then
washed by dipping 20 times in cold PBS. Secondary biotinylated anti-
body (Vector Laboratories, Burlingame, CA; 1/300, 50 ul) and the
avidin-peroxidase complex (15 gl/ml PBS, 50 gl) were applied for 45
min each. The slides were developed with freshly prepared substrate
(3-amino, 9-ethyl carbazole; Biomeda Corp., Foster City, CA). The
cells were counterstained with hematoxylin.

Immunostaining of tissue. Lymphoid tissues were obtained at sur-
gery and snap frozen in liquid nitrogen. Frozen tissue sections (5 Mm)
were incubated with a blocking serum (preimmune goat serum, 1/400
dilution) for 30 min. The blocking agent was removed and the slides
were incubated for 16-24 h with rabbit antibody to met-enkephalin
(Incstar) at dilutions of 1/100-1/500. Incubation with biotinylated sec-
ondary antibody and avidin-peroxidase were performed as described
above.

Radioimmunoassay. Met-enkephalin in the conditioned media
from PBMCand isolated subsets was quantified by RIA (Incstar). The
cross-reactivity of the antibody used in this assay with other products of
the preproenkephalin gene or other neuropeptides is < 3%, except for
peptide F (22%) (17).

Culture supernatants (l-ml aliquots) were acidified with 100 Ml of 1
mMHCOand extracted with ODSsilica columns (Immunonuclear
Corp.). The columns were washed with 20 ml of 4%acetic acid, eluted
with 4 ml 99.8% methanol, and the eluates were lyophilized. Duplicate
samples of dried eluates were resuspended in bovine serum albumin-
phosphate buffer before the assay. In some experiments, the dried
eluates were resuspended in Tris-buffer (pH 8.5) with 0.2% bovine
serum albumin and digested with L- l -Tosylamide-2-phenylethyl
chloro-methyl ketone (TPCK)'-treated trypsin (I Mtg trypsin/200 Ml) for
16 h at 37°C, followed by treatment with carboxypeptidase B (0.1 Mg/
200 Ml) for 2 h at 37°C. To inactivate the enzyme the supernatants were
treated for 20 min at 90°C. The samples were then tested in the met-en-
kephalin radioimmunoassay.

Met-enkephalin concentrations in the culture supernatants were
calculated on the basis of a standard curve using synthetic met-enke-
phalin (10 pg-2.5 ng) that was included in each assay.

1. Abbreviations used in this paper: TPCK, L- I-Tosylamide-2-pheny-
lethyl chloro-methyl ketone.

RNAprobe preparation. The human preproenkephalin cDNAwas
kindly provided by Dr. M. Coomb (Harvard Medical School, Boston,
MA). As suitable restriction sites for subcloning are lacking at the 3'-
end of the cDNA, a 926-bp fragment was amplified by polymerase
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Figure 1. Release of met-enkephalin from PBMCand purified
monocytes and T cells. Unseparated PBMCwere stimulated with
PHA(1% vol/vol) for 3 d (A). Purified blood monocytes (B) were
stimulated for 24 h with PMA(5 ng/ml). Purified peripheral blood T
cells (C) were cultured in the absence of presence of PHAand IL-2
for 3 d. All populations were cultured at the same cell density (106/
ml). Supernatants of stimulated as well as unstimulated (control) cells
were analyzed by a RIA for met-enkephalin. Values represent
mean±SEMof four experiments each performed in duplicate.
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chain reaction (18). The primers (5' GC GAATTC CGAC-
GAGTCGTGTCT3'; and 3' AGGTAGGAGGTCACCTTCGAACG
5) define the open reading frame and contain the restriction sites
EcoRI and HindIII, respectively. The fragment was ligated into the

Met-enkephalin immunoreactivity in pe-
lood monocytes and T cells. Monocytes were
for 24 h in the presence or absence of PMA
ier slides and analyzed for met-enkephalin
eactivity. (A) PMA-activated monocytes:
vith anti-met-enkephalin antibody. (B) Non-
d monocytes: staining with anti-met-enkeph-
lody. (C) PMA-activated monocytes: staining
*met-enkephalin antibody that had been
ited for 2 h at 370C with the pentapeptide
phalin (100 ng/ml). (D) PMA-activated
s: staining with normal rabbit control serum.
-activated monocytes: staining with anti-met-
n antibody that had been preincubated with
halin (100 ng/ml) for 2 h at 370C.

polylinker site of the transcription vector pGEM-4z (Promega Corp.,
Madison, WI). For hybridization, the recombinant plasmid was linear-
ized with an appropriate restriction enzyme and transcribed with the
T7 polymerase in the presence of [32P]UTP (Riboprobe system; Pro-
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mega Corp.). The probe was recovered by gel filtration (Centri-sep col-
umns; Princeton Separations Inc., Adelphia, NJ). The specific activity
was - 2 X I0O cpm/,g template.

Northern blot hybridization. PBMC, T cells, and monocytes were
isolated, purified, and cultured as described above. Total RNAwas
extracted by the single step Guanidinium Thiocyanate-Phenol-Chloro-
form method (19), analyzed by gel electrophoresis, blotted onto nylon
filters, and cross-linked with UV light for 5 min each side. The blots
were prehybridized in 50% Formamide, 6x SSC, 0.5% SDS, 0.1%
Tween 20, 100 gg tRNA/ml for 15 min at 650C. The prehybridization
mixture was replaced with fresh solution containing 106 cpm/ml of
probe. Hybridization was performed overnight at 650C and followed
by washes in l x SSC(2 X 30 min) and 0.1 X SSC(2 x 30 min) at 650C
in the presence of 0.1% SDS. The filters were dried and exposed to
Kodak XARfilm at -70'C.

MO PBMC

C 2 2 4 24 48
A

1.4 kb 0# .r

Results

Met-enkephalin secretion by PBMC. Met-enkephalin was mea-
sured in supernatants of cultured PBMCby using a specific
RIA (Fig. 1 A). Supernatants of nonactivated PBMCcontained
low levels (< 100 pg/ml) of met-enkephalin. After activation
with PHA, a maximal fourfold increase in peptide production
was observed. This was related to an increase in met-enkepha-
lin production per cell because the cell numbers were only
11±3%higher in PHA-activated cultures. To determine which
cells amongPBMCproduce met-enkephalin, monocytes and T
cells were separated. Monocytes were activated with PMA(1
ng/ml) and supernatants were collected after 24 h. Spontane-
ous secretion was higher as compared with the same number of
unfractionated PBMC. After activation with PMA, monocytes
secreted increased levels of met-enkephalin (Fig. 1 B). Al-
though the absolute levels of met-enkephalin varied in mono-
cyte cultures from different donors, in each of the 11 different
normal donors tested, PMAincreased met-enkephalin release
(mean increase 5.06±3.56-fold, P < 0.009). LPS, a second
monocyte activator, also induced met-enkephalin secretion
(data not shown).

In purified populations of T lymphocytes there was only
very low spontaneous secretion of met-enkephalin. Even after
incubation in the presence of PHAand IL-2, a combination of
stimuli that induces maximal proliferation of the cells, we did
not detect an increase in peptide release (Fig. 1 C).

Detection of met-enkephalin immunoreactivity in PBMC.
To consolidate these findings on peptide secretion by mono-
cytes with detection of intracellular met-enkephalin and to ex-
clude the possibility that lymphocytes may synthesize, but not
secrete the peptide in culture, immunohistochemistry was per-
formed on peripheral blood monocytes and T cells. Monocytes
showed cytoplasmatic staining after PMAactivation (Fig. 2 A).
Maximal expression of met-enkephalin immunoreactive mate-
rial was seen after 24 h. At that time point, up to 90% of the
activated cells were positive. In nonstimulated monocyte cul-
tures less than 15% of the cells showed cytoplasmic staining
with a lower intensity (Fig. 2 B). Specificity of the staining was
demonstrated by blocking the antibody with pentapeptide met-
enkephalin (Fig. 2 C) and by negative staining with normal
rabbit serum (Fig. 2 D). Under these conditions, no positive
cytoplasmatic staining was seen. Furthermore, preincubation
of the antiserum with leu-enkephalin did not abrogate the
staining (Fig. 2 E).

P-actin o

2h 18h 24h
-+ - + -+_ A. _ _:'_A

B

1. 4 Kb-

P-actin--

Figure 3. Expression of preproenkephalin mRNA. (A) Monocytes
were stimulated with PMA(2.5 ng/ml) and LPS (1 ,ug/ml). Results of
activated cells from two different donors are shown. PBMCwere
stimulated with PHA(1%), PMA(2.5 ng/ml), and LPS (1 ,g/ml) for
times indicated in hours above the lanes. As a control, rat brain RNA
(C) was used. After hybridization with the preproenkephalin probe,
the filters were washed and analyzed with a (3-actin probe to estimate
the amount of RNAblotted (lower panel). (B) RNAwas prepared
from unstimulated (-) and PHA/PMA-activated (+) T cells at the
time points indicated. The upper panel shows hybridization for pre-
proenkephalin, the lower for f3-actin.

In contrast to the staining of monocytes, stimulated as well
as nonstimulated T cells (PHA + IL-2 for 1-3 d) did not con-
tain detectable cytoplasmic met-enkephalin immunoreactive
material (not shown).
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PMA+ACT

Expression of preproenkephalin mRNAin PBMC. To in-
vestigate whether the absence of met-enkephalin immunoreac-
tive material in activated T cells was due to incomplete process-
ing of the prepropeptide or due to absent transcription or trans-
lation, RNAwas isolated from unseparated PBMC,T cells, and
monocytes and analyzed by Northern blotting (Fig. 3). Acti-
vated PBMCshowed a strong hybridization signal at 1.4 kb,
which is consistent with the size of mature preproenkephalin
mRNA.Maximal expression in unfactionated PBMCwas seen
at 24 h. Purified monocytes express this mRNAvery early (2 h)
and as with the titers of secreted peptides there was also donor
variability in mRNAlevels (Fig. 3 A). Experiments with puri-
fied T cells (Fig. 3 B) showed that these cells also express the
preproenkephalin RNAby 2 h and that maximal expression
after stimulation occurs by 24 h. The 24 h signal in PBMCwas
thus probably due to met-enkephalin expression by T cells.
Possible interactions between monocytes and T cells may con-
tribute to higher levels of RNAand changes in kinetics in un-
separated PBMCas compared with the purified subpopula-
tions.

PMA+CHX

PMA

Secretion of the enkephalin propeptide. The results pre-
sented above indicated that activated T cells express proenke-
phalin mRNA,but that processing to the pentapeptide met-en-
kephalin may not occur. It was thus possible that activated T
cells secrete higher molecular weight enkephalin precursors.
From these precursors met-enkephalin can be generated by in

In+ vitro treatment with proteases (20). Supernatants from PHA/
x y- IL-2-activated T cells were assayed for met-enkephalin beforease and after digestion with trypsin and carboxypeptidase B. As

shown earlier, the untreated T cell supernatants contained only
very low levels of met-enkephalin. After enzymatic digestion of
aliquots from the same T cell conditioned media, met-enkepha-
lin was detected in concentrations up to 400 pg/ml (Fig. 4 A).
Protease treatment of nonconditioned culture media resulted
in the detection of 80 pg/ml of met-enkephalin which probably
originated from FBS that was present in the culture media.

Similar experiments with monocyte conditioned media
showed that these cells also secrete precursor molecules (Fig. 4
B). Precursor secretion was detected in unstimulated mono-
cytes and at higher levels after PMAstimulation. The finding
that nonactivated monocytes secrete detectable levels of the

)TEASE precursor molecules raised the possibility that the cells may
4SE contain a cytoplasmatic store of the propeptides similar to cells

of the neuroendocrine system (21). To test this notion, cultures
of monocytes were performed in the presence of actinomycin-
D or cyclohexamide. These agents did not reduce the secretion
of the propeptide by nonactivated monocytes. However, actin-
omycin or cyclohexamide reduced propeptide production by
stimulated cells to levels found in the unstimulated cultures
(Fig. 5). These results indicate that monocytes store and release
detectable levels of met-enkephalin precursors and that the in-

heral crease observed after stimulation of the cells is related to in-
oheral creased transcription and translation.
-2. Detection of met-enkephalin immunoreactive cells in vivo.
A. Having shown that monocytes produce met-enkephalin in vi-
ted
ltants
it

MONOCYTES

-1ACT -

CHX-

CONTR
_I

0 200 400
Met-enkephalin
after protease

600

(pg/mi)
treatment

800

Figure 5. Effect of actinomycin D and cyclohexamide on the release
of the precursor of met-enkephalin. PMAactivated monocytes and
unstimulated monocytes were cultured with actinomycin or cyclo-
hexamide for 24 h. The supernatants were treated with TPCK-treated
trypsin and carboxypeptidase B, and met-enkephalin immunoreactive
material was quantified by RIA. Results from one of three represen-
tative experiments are shown.

Enkephalins in Monocytes and TLymphocytes 821



nT

If

B<'., s " '" g VA

Figure 6. Expression of met-enkephalin immunoreactivity in human spleen tissue. Frozen tissue sections of human spleen were analyzed by
immunohistochemistry for met-enkephalin immunoreactivity. (A) Staining with antibody to met-enkephalin. (B) Staining with antibody to
met-enkephalin that had been preincubated with met-enkephalin (100 ng/ml) for 2 h at 370C.

tro we studied whether lymphoid cells express the peptide in
vivo. Frozen sections of human spleen were analyzed by im-
munohistochemistry for the presence of met-enkephalin (Fig.
6). Met-enkephalin immunoreactive cells were seen in the red
pulp, but not in the follicles, which is consistent with the ana-
tomical distribution of macrophages. Specificity of the staining
was demonstrated by blocking with met-enkephalin and the
absence of staining with normal rabbit serum. Staining of hu-
man tonsil showed a similar pattern with positive cells in the
parafollicular areas but not within the follicles (not shown).

Discussion

This study examines preproenkephalin gene expression, pro-
peptide synthesis, processing, and secretion of met-enkephalin
by human peripheral blood monocytes and T lymphocytes.

Preproenkephalin mRNAis detected at low levels in resting
cells and expression is increased after activation of monocytes
and T cells. Maximal expression of mRNAin monocytes is
more rapid as compared with purified T cells. With these char-
acteristics the preproenkephalin gene in monocytes and T cells
is regulated similar to other genes encoding secretory products
in cells of the immune system. The size of the preproenkepha-
lin mRNAis identical in human monocytes and T cells and
similar to that in rat brain. Expression of the preproenkephalin

gene by cells of the immune system had previously been stud-
ied in a mouse T-helper cell line where it was found to be
present in quantities similar to those of IL-2 (13). In subse-
quent studies it was found that this mRNAis preferentially
expressed in type 1 helper T cells and at lower levels in type 2
cells. This paper is the first description of preproenkephalin
mRNAin primary T cells and human monocytes. These re-

sults are consistent with the findings in murine T cell lines and
with the observations in murine macrophage cell lines and acti-
vated peritoneal macrophages (15).

Having shown that human monocytes and T cells express
the preproenkephalin mRNA, we analyzed the enkephalin
peptides that are present intracellularly and in the conditioned
media of cultured cells. By immunohistochemistry we found
intracellular met-enkephalin immunoreactive material in
monocytes, but not in T cells. The immunoreactivity increased
after activation of monocytes. These experiments were per-
formed with an antiserum raised against synthetic met-enkeph-
alin conjugated to bovine thyroglobulin. Specificity was con-
firmed because the antibody reactivity was blocked by met-en-
kephalin but not by leu-enkephalin. It is thus possible that the
staining detected in monocytes represents intracellular stores
of met-enkephalin or of precursors that express epitopes recog-
nized by the antiserum. Precursors that may show cross-reacti-
vity with met-enkephalin include predominantly peptide F
which contains a met-enkephalin sequence at the carboxyl ter-
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minus (22). The lack of staining in T cells indicates that these
cells only produce proenkephalin A or process the propeptide
to larger molecular weight intermediates that are not recog-
nized by the antiserum. Similar differences that are at least in
part related to the extent of intracellular processing were found
in the met-enkephalin immunoreactive material secreted by
monocytes and T cells. Conditioned media from monocytes
contains peptides that are either completely processed met-en-
kephalin and/or peptide F. In addition, other precursor mole-
cules are secreted by monocytes and are detectable as met-en-
kephalin immunoreactive material after in vitro hydrolysis.
These precursors include the noncross-reactive peptides I, B,
and E, and proenkephalin A. Secretion of these precursors is
also increased after monocyte activation. In contrast to mono-
cytes, there was no met-enkephalin immunoreactivity in native
conditioned media from T cells. However, treatment of T cell
supernatants with trypsin and carboxypeptidase B generated
high levels of met-enkephalin immunoreactive material. This
in vitro treatment has been shown to result in the production of
the pentapeptide (20), but it is possible that incompletely pro-
cessed peptide F may also contribute to the immunoreactivity
detected in this study (17). Studies on murine helper T cell lines
have shown the production predominantly of high molecular
weight material (16). The presence of the precursor molecule in
the conditioned media from nonstimulated monocytes can be
explained by storage and release of constitutively produced
precursor. The levels of peptide in supernatants of nonstimu-
lated monocytes is not influenced by cyclohexamide and actin-
omycin-D, also suggesting intracytoplasmic storage of the pep-
tide. The levels of precursor molecules secreted by monocytes
were higher in monocytes than in T cells. This is consistent
with the function of monocytes as secretory cells and may also
be related to the use of monocyte activators that stimulate se-
cretory function and proliferative agents for T cells.

Differences in proenkephalin precursors as reported here
for monocytes and T cells have previously been described be-
tween neural and adrenal tissues. The profile of enkephalin
products from monocytes is more closely related to that found
in neural tissues that generate lower molecular weight prod-
ucts, while that of T lymphocytes resembles more adrenal cells
which secrete larger amounts of higher molecular weight pre-
cursor proteins (12). In this context it is of interest that the
distribution of met-enkephalin immunoreactive cells in hu-
man spleen is almost identical to the distribution of cells that
express endorphins in murine spleen. Furthermore, splenic
macrophages express the mRNAfor proopiomelanocortin and
process the polyvalent precursor protein to mature opioid-ac-
tive peptides. In contrast, splenic lymphocytes do not express
these peptides (23, 24). Collectively these observations may
indicate that monocytes, but not lymphocytes, are able to pro-
cess the large molecular weight precursors of neuropeptides.
This may be related to the presence of processing enzymes in
monocytes but not in T cells. Detailed analysis of this notion
will be possible once met-enkephalin processing enzymes have
been completely characterized.

The precursor molecules secreted by T cells may represent a
source of peptide that is more stable and rapidly activated.
Relatively high levels of met-enkephalin reactivity are found in
plasma (17). In addition to the nervous system, adrenal gland,
and the gut (12, 25), it is conceivable that cells of the immune
system contribute to this circulating pool. Alternatively, the

incompletely processed precursor may be functionally active.
This has already been shown for some of the precursor forms
that have very high affinity for opioid receptors (26). The possi-
bility that these proteins can regulate immune responses is
under investigation.

A potential role of the met-enkephalin pentapeptide pro-
duced by activated monocytes maybe to influence immunolog-
ical and inflammatory effector functions. It stimulates specific
as well as nonspecific cytotoxicity and oxygen dependent kill-
ing in neutrophils and monocytes (6-8, 10, 1 1). In addition,
met-enkephalin is a chemotactic factor for T lymphocytes (5)
and monocytes (9). This may indicate that met-enkephalin
produced at sites of inflammation promotes the influx of im-
mune cells. In agreement with this concept are the recent find-
ings by Saland and co-workers (27), that endogenous opoids
such as a- and fl-endorphin and met-enkephalin, administered
to the lateral ventricle of rats, caused an influx of leukocytes.

It is also possible that enkephalins produced by cells of the
immune system act on opioid receptors expressed in the ner-
vous system or modulate functions of connective tissue cells
(28). Met-enkephalin produced by cells of the immune system
may, thus, not only modulate immune functions but contrib-
ute to the regulation of local and systemic aspects of host de-
fense responses.
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