216

R RCR A

Acta Phavrmacologica Sinica

1989 May; 10 (3) : 2]16-22]

Methionine-enkephalin alteration of mitogenic and mixed lymphocyte

culture responses in zinc-deficient mice
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Abstract The effects of methionine-enkephalin
(Met-Enk) on mitogenic and mixed lymphocyte
culture (MLC) proliferation of splenocytes from
Zn-deficient, restricted and control mice were
evaluated. The data from this experiment show
that Met-Enk can suppress the responses of
splenocyte from the 3 groups to concanavalin A
(Con A), hut less inhibition was observed in
the Zn-deficient group. Met-Enk can also en-
hance the responses to pokeweed mitogen (PWM)
and decrease the response to lipopolysaccharide
(LPS) in all groups. Alteration of proliferative
responses to Con A and PWM were reversible
in the presence of naloxone 10 umol/L indicat-
ing that the effect of Met-Enk on cellular
proliferation was mediated by the opioid receptor.
In the proliferation of MLC, the response of
lymphocytes from Zn-deficient mice was increas-
ed in the absence of Met-Enk and Met-Enk
can suppress this increased response. It is there-
fore concluded that Met-Enk can modify the
pattern of mitogenic responses and the alteration
in Con A and MLC responses can be influenced
by zinc deficiency.
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Zinc deficiency in the body is a com-
mon cause of stress, leading to immune
function impairment¢'’, On the other hand.
the mechanisms of the altered immune re-
sponses in Zn-deficicnt animals are still
nebulous even though some roles of zinc
on the immune system have been eluci-
dated®>. One attractive trend has emerged
in the past decade indicating that some
neuropeptides may be secreted and released
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from the central nervous system and pe-
ripheral organs during stress and play an
important role in the regulation of the
immune system®:%), B-Endorphin (8-End)
and methionine-enkephalin (Met-Enk) can
be released from the pituitary and adrenal
glands respectively when the animal is
exposed to stress: they are considered to be
important immune regulators.

The present experiments focused on the
effects of Met-Enk, the pentapeptide, on
the mitogenic reaction and . MLC response
of splenocytes from zinc deficient mice.

- From these studies, the immunomodulatory

mechanisms of Met-Enk during stress may
be further clarified.

Materials and methods

Mice and diets A/J mice, €, 8 wk
(from Jackson Lab, Bar Harbor, ME) were
used and divided into 2 groups: control
and Zn-deficient groups. Two different
209 egg white diets were used for the 2
groups of either Zn (0. 1ug/g) deficient or Zn
(30 ug/g) adequate. A 3rd (restricted) group
was used to exclude the possible effect of
decreased food consumption by inanition in
the Zn-deficient group. The zinc adequate
diet were fed in amounts limited to the
average daily intake of the Zn-deficient
group. Diet consumption was measured
daily and the mice were weighed at least
once a week, All mice had full access to
deionized, distilled water (<C0,2 ug Zn/g).
To prevent retaking of zinc from body
wastes, the mice were housed in stainless
steel cages with mesh bottoms. Feed jars
and water bottles were washed with HC] 4



mol/L and rinsed with deionized water to
remove all residual zinc.

Reagents Met-Enk and opioid antago-
nist naloxone purchased from Sigma were
resuspended in 1 mg/ml phosphatc buffer
saline solution (pH 7.2). Concanavalin A
(Con A) and lipopolysaccharide (LPS,
Escherichia coli 0,55, B5) were purchased
from Sigma, pokeweed mitogen (PWM)
from Gibco Laboratories. All mitogens were
resuspended and diluted in a RPMI 1640
medium before use.

Medium The cell culture medium was
prepared with RPMI 1640 incomplete me-
dium supplemented with (.5% delipidated
bovine serum albumin (BSA) and 0.5%
autologous mouse sera from each dietary
group.

Preparation of cell suspension Spleens
were removed from each group of mice
aseptically and pressed through stainless
steel screen to separate into single cells.
Each group of splenocytes was washed once
and resuspended to a final density of 2.5
x 10° cells/ml. In the MCL experiments,
splenocytes from C57BL/6 were used as
stimulator cells and obtained in the method
described above. All splenocytes from C 57
BL/6 mice were mixed, washed once and
treated with mitomycin C. After 3 wash-
ings, stimulator cells were resuspended in
the medium at densities of 2, 5, 7.5 and
10 % 10° cells/ml.

Measurement of mitogenic proliferation
For cell culture 96-well flat bottomed
microtiter plates were used, To each well
(.1 ml of splenocytes suspension was added.
Mitogens were assayed in triplicate at the
following concentrations: Con A 0.25,
0.5, 1 and 2.5 pug/ml; LPS 25, 50 and
100 pug/ml and PWM 25, 50 and 100 ul/
ml.

Mixed iymphocyte culture Autologous
and allogenic mixed lymphocyte culture
experiments were also performed in 96-well

flat-bottom microtiter plates. A/J spleno-
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cytes were separately mixed with 2, 5, 7.5
or 10 x 10% mitomycin C-treated C 57BL/6
spleen stimulator cells at triplicate.

Met-Enk was used at 0.1, 1 and 10
pmol/L in each experiment. Culture plates
were incubated at 37°C. in a humidified
atmosphere of 7% CO,. After 24 and 48
(for Con A and LPS), 72 (for PWM) and
96 (for MCL) h, the culture were pulsed
with 1 GBq of [methyl-*H]thymidire,.
Cells were harvested 18 h later onto glass
microfiber filter using a muitiple sample
harvester. The incorporation of [methyl—
*Hjthymidine was measured by using a
Beckman gamma counter),

To determine whether the effect of
Met-Enk on the mitogenic assay was medi-
ated by the opioid receptor, splenocytes from
Zn—deficient mice were also cultured with
naloxone (.1, 1 or 10 wmol/L in each
experiment,

Data treatment The results from assays
of [methyl-*H]thymidine incorporation were
presented as x+SD. Corresponding back-
ground has been subtracted from all data in
this paper.

Results

Met-Enk suppresses the proliferation
response to LPS Splenocytes from either
Zn-deficient or control mice were cultured
with Met-Enk and LPS for 2 and 3 d.
Significant suppression by Met-Enk on
responsiveness was obtained in both groups
on incubation d 2 (Fig 1). Optimal concen-
tration of LPS was shown to be 50 ug/ml.
The highest inhibition were 19% in the
Zn-deficient group, 16% in restricted and
219% in control group, and no significant
difference was seen among the 3 groups.
Since LPS 1is a kind of B cell mitogen, it
seems likely that Met-Enk can inhibit the
proliferation of the B cell. The fact that
the suppressive effects of Met-Enk can be
reversed by naloxone 10 pmol/L indicated
that opioid receptors were involved (Tab 1).
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Fig 1. Suppressive effects of Met-Enk on lipo-

polysaccharide (LPS) response were obtained by
incubation for 2 d of splenocytes 2.5x10°/ml
from Zn-deficient (D), restricted (R) and contro]
(C) groups with LPS 50 upg/ml and different
concentrations of Met-Enk, n=3, X+SD,
*P>0,05, **P<0.,05, ***P<0.01.

Tab 1. Blocking of Met-Enk-induced change of
mitogenic response by naloxone, Splenocytes from
Zn-deficient mice were stimulated by LPS, Con
A and pokeweed mitogen (PWM)., n=3, X+SD,
*P>0,05, **P<C0.05, ***P<{0.01.

10-% x Uptake of

Met-Enk Naloxone [Methyl-SHITdR
(umol /L) (p.mol/L) (cpm)
LPS
0 0 102+5
0 10 95+1
1 0 7947
1 10 955"
Con A
0 0 79%5
0 10 82+ 16"
0.1 0 63+7**
0.1 10 73+18*
1 0 59+8™"
1 10 78+ 10"
PWM
0 0 71+1
0 10 72+31*
1 0 97+4**
1 10 78+25*

Met-Enk suppresses the proliferation
responses to Con A When splenocytes were
cultured with Met-Enk and Con A for 2d,
an inhibition was secen in all 3 groups.
There was considerable variation between
groups in the degree of suppression of
[methyl-*H]thymidine uptake obtained in
the presence of different concentrations of
Met-Enk and Con A (.5 ug/ml (Fig 2).
Less inhibition was observed in Zn-deficient
group as compared to the control and re-
stricted groups. The suppressive effects of
Met-Enk was reversed by naloxone 10
umol/L (Tab 1). These results indicate
that Met-Enk can suppress the Con A re-
sponses, and zinc deficiency can result in a
lower susceptibility to Met-Enk-induced
inhibition. Since Con A mainly stimulates
helper T cells, the lower sensitivity in the
case of zinc deficiency was probably due to
a decreased number of helper T cells or
opioid receptors on the surface of helper T
cells. The suppressive effects of Met—Enk
on the Con A response were mediated by
opioid receptors.
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Fig 2. Suppressive effects of Met-Enk on Con A
response were obtained by incubation for 2 d of
splenocytes 2,5 x10%/ml from Zn-deficient (e®),
restricted ( x) and control (o) groups with Con

A 0.5 ug/ml and different concentrations of
Met-Enk, n=3, X4SD, *P>0.05, **P<0.05,
***P<0,01.

Met-Enk enhances the proliferation re-
sponses to PWM PWM is a mitogen for



both T and B cells. When cells were cul-
tured on d 4, Met-Enk increased responses
of splenocytes to PWM from all 3 groups
(Tab 2). The enhancement was seen in
either  PWM 25 or 50 ug/ml, and the
enhanced % were as high as 30% in the Zn-
deficient group, 15% in the restricted group
and 24% in the control group. Increased

responses were reversed by naloxone 10
indicating an opioid mechanism

pmol/L,

was involved in the responses (Tab 1).

Tab 2, Effect of Met-Enk on PWM response,
Splenocytes from Zn-deficient,
control mice were cultured with PWM 25 and 50

restricted

and

ul/ml and different concentrations of Met-Enk
for 4 d. n=3, Xx+SD, *P>0.05, **P<0.05,
***P<0.01.
10-3 x Uptake of
Dietary Met-Enk [Methyl-3H]TdR Change
group (umol/L) (cpm) (%)
PWM 25ul/ml
Control 0 6611
0,1 787" +18
1,0 80+8"* +21
10.0 82+ 3** +24
Zn-deficient 0 561
0.1 66+2** +16
1.0 744+10** +30
10,0 648" +12
Restricted 0 7727
0.1 86+ 5* +12
1,0 89+4" +16
10,0 88+ 12" +15
PWM 50ul/ml
Control 0 89+3
0.1 107+1" +19
1.0 105+9* +18
10.0 111+7* +24
Zn-deficient 0 74+5
0.1 88 +3** +19
1,0 91+5** +22
10,0 g7+ 2** +17
Restricted 0 612
. 64+2* +5
1,0 66+2*** +9
10.0 603" -2

10'4x[methyl—aHlThymidinc incorporation (cpm)
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Met-Enk altered MLC response Dif-
ferent concentrations of stimulator cells were
used to measure the proliferative phase of
the MLC response. The results of this assay
in the case of 2 and 7.5x10% allogenic
cells are shown in Fig 3. Different respon-
sive directions were seen in the Zn-deficient,
restricted and control groups. As the dose
of Met-Enk rose, an increased suppressive
effect was shown on the MLC response in
Zn-deficient mice. By contrast, a slightly
higher enhancement or no
alteration could be demonstrated in both
restricted and control groups, Additionally,
lymphocytes from the Zn-deficient group
gave a higher proliferative response than
the other 2 groups in the absence of Met-
Enk: tihis finding is consistent with the
results of similar work(’, Since the mixed
lymphocyte culture is the proliferative
phase of immature T-cells, the suppression
of MLC by Met-Enk in Zn-deficient mice

significant
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Fig 3, Effect of Met-Enk on MLC response, A/J
responder splenocytes prepared from Zn-deficient

(

D), restricted (R) and control (C) mice were

cultured with mitomycin C-treated C57BL/g stim-

ulator cells

2x10%/ml (A) or 7,5x10¢/ml (B)

and defferent concentrations of Met-Enk for 5d,
n=3, x+SD, *P>0,05, **P<(0.05,
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suggests that immature T cells have a
higher sensitivity to Met-Enk during zinc
deficiency.

Discussion

In this experiment, Met-Enk inhibited
the proliferation of splenocytes exposed to
B cell mitogen, LPS. Suppression of B
cells by Met-Enk has been seen in spleno-
cyte antibody production®’ and bone mar-
row immature B cell antibody production
(unpublished). In the present studies, sup-
pressed LPS responses by Met-Enk were
similar in all 3 groups. It seems that zinc
deficiency did not alter the decreased respon-
siveness of B cells to mitogen in the pre-
sence of Met-Enk, and these results further
indicate that suppression of Met-Enk to B
cells proliferation occurred not only under
stress but also under normal conditions,

The samc situation occurred in the
case of PWM, but the responses were en-
hanced instead of decreased. Previous work
has shown that no significant difference in
PWM responses in the absence of neuropep-
tides was demonstrated between Zn-deficient,
restricted and control groups‘®>, The present
results indicate that Met-Enk enhances the
PWM response of splenocytes, and that the
zinc ion has no effect on this enhancement.

In the case of Con A, however, a
notably reduced uptake of [methyl=*H]thy-
midine was obtained in the control and
restricted groups. Although cellular proli-
feration in the Zn-deficient group was also
inhibited in cultures containing Met—Enk,
this suppression was less than that in the
control and restricted groups (Fig 2). It
has been reported that the target cells for
Con A are mainly helper T cells, those
with a Lyt-1*2-3~ phenotypet”. Met-
Enk induced less suppression in the culture
of Zn-deficient lymphocytes with Con A,
suggesting that zinc deficiency might modu-
late either thc expression of Met—Enk re-
ceptors of the Lyt-—1%23~ population or

a number of the Lyt—1'2"3~ popula-
tion. Compared to Con A, Met-Enk en-
hances the response to PWM in the 3 groups.
It is therefore suspected that different T
cell subsets were activated by Met-Enk.

It has been reported that the mixed
lymphocyte response is the proliferative
phase of immature T cells, the Lyt-1+2*3*
cells®, The suppressive effect of Met-Enk
on the MLC in Zn-deficient mice may sug-
gest an elevated level of expression for the
receptor of Met-Enk on the immature T-
cells in this group. It seems as if immature
cells, no matter whether T cells or B cells,
exhibit a difference in expression of re-
ceptors for Met-Enk as compared to mature
cells. This conclusion agrees with work on
bone marrow immature B cells that showed
bone marrow immature B cells in Zn-
deficient mice were more sensitive to the
inhibition of Met-Enk than in the control
group (unpublished) .

The mechanisms of the effect of Met--
Enk on mitogenic and MLC responses in
zinc deficiency are still not known fully,
because they refer to a complicated relation-
ship among zinc, Met-Enk and the im-
mune system. Current cvidence has demon-
strated that zinc deficiency can constitute
a kind of stress that activates the pituitary-
adrenal axis in the body. During stress
Met-Enk can be released from the adrenal
gland to influence the immune system.
Zinc can also influence the effect of Met—
Enk directly. For example, the enhancement
of active T cell rosette formation by Met—
Enk in the presence of ZnCl, is greater
than the effects of either of these agents
alone®®’, However, a contrary report indi-
cates that zinc has a high affinity for thiol
groups in opioid receptors and therefore
can block opioid binding and the effects of
opiates'®), Furthermore, major enkephalin-
degrading enzymes are zinc metalloenzymes
D It is possible that zinc deficiency can
lead to a decrease in the enzyme activity



and relative increase of Met-Enk concen-
tration. As indicated above, a mutual rela-
tionship between zinc and Met—-Enk in
mitogenic responses and MLC may exist and
the precise mechanisms of the cffects of
Met-Enk on zinc deficiency remain to be
identified.
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