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Influence of methionine—enkephalin on interleukin—2 production and

" interleukin--2 receptor expression
YANG Si—Xun', LI Xiao—Yu

(Shanghai Institute of Materia Medica. Chinese Academy of Sciences. Shanghai 200031, China)

ABSTRACT  Influences of methiomine enkephalin
(met—enk} on delayed hypersensitivity (DH)} againast
2 d—dinstroflucro—benzene {DNFB) and intedeukin—2
(1IL—2} production of mouse lymphocytes were exam-
ned. Met—enk enhanced the DH response to ear
challenge when mice were treated with met—enk be-
ginning at the same time as cpicutaneous sensitization
with DNFB but not after being sensitized. When
met—enk (10 amol - L7100 pmol - L'y was included
i Con A—stmulated lymphocyte cultures, the [L-2
production mcreased 1 a concentration—dependent
- manner.  Furthermore. in wjvp treatment with
met—enk also  increased 1L-2 production of
splenocytes, and the enhancement of IL—2 produc-
won was parallel to that of lvmphocyte proliferation.
However, met—enk 10 nmol - L™' had no effect on
[L-2 recepter expression on thymocytes, splenocytes,
and put—associated lymphocytes. The data suggested
that the stimulative effect of met—enk on Iymphocytes
may be mediated through the increase of IL-2, hut
not through the 1L-2 receptor expression,
KEY WORDS methionine enkephalin; interleukin—
2; interleukin—2 receptors; delayed hypersenstivity,
lymphocyte transformation

The discovery of opioid receptors on
lymphocytes''” and The finding that leuko—
cytes also produce opioid peptides”' suggest
that these peptides are the neuroimmuno—
modulators and thev may regulate leukocyte
functions by auioccrine. The opioid peptides
enhanced the narural killer (NK) cell activity
through increasing sffector—tumor cell conju-
gated formation and accelerating the kinetics
of lysis®. B—Endorphin and met—enk stimu-
lated T cytotoxic cells'”, Iymphocyte prolif—
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eration'®”, but f—endorphin also suppressed
the PHA—stimulated mitogenic response of
human peripheral’ mononuclear cells'™,
Furthermore. met—enk and f—endorphin were
found to enhance the y—interferon { y—IFN)
production by concanavalin A (Con Aj—in-
duced human mononuclear cells'™. but in-
hibit the T cell chemotactic factor production
from T—lymphocytes. Recently, we demon-
strated that met—enk increased [L—1 produc-
tion both in vitro and in vivo''.

It was known that the in vitro lymphocyte
proliferation and NK cell activity is regulated
by 1L—2 and it has a synergetic effect on
murimne NK cells with IFN. Thus. to exam-
ine whether met—enk could increase [L—2 pro-
duction may be helpful in elucidating the
mechanism of the effects of met—enk on host
defense and cytotoxic activity. Besides, [L—2
was also found to promote oligodendrocytes
to proliferate and differentiate’”’. The impor-
tance of IL—2 in homeostasis encouraged us to
investigate met—enk on IL—2 production from
mouse lymphocytes.

MATERIALS AND METHODS

Three—month—old BALB /¢A and
C57BL mice. obtained from Shanghai Ani-
mal Center, Chinese Academy of Sciences,
were housed under standard conditions (light
sdark = 12h: 12 h)in groups of 5—6. )

RPMI 1640 medium {Gibco Laborato—
ries} was supplemented with 10% newbomn
bovine serum (NBS, Shanghai Gulu Biologi-
cal Products Factory, China), HEPES 10
mmol - L™ (Fluka AG, Buchs, Switzerland),
L—glutamine 2 mmol - L™, 2-mercaptoeth—
anol 50 umol - L™' (Fluka AG. Buchs. Swi—
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tzerland ), penicillin 100 1U - ml™" (Suzhou
Second Pharmaceutical Factory. Suzhou.
China) and streptomycin 100 pg - ml’
(Shanghai Fourth Pharmaceutical Factory.
China). Met—enk was obtained from Sigma
Chemical Co(St Louis MO, USA).

IL—2 dependent cell line, CTLL-2,
kindly provided by Shanghai Medical Univer-
sity. was grown in complete RPMI 1640 me-
dium containing 1:5 dilution of IL—2—riched
culiure supernatants denived from rat spleen
cells stimulated with Con A 10 ug - ml™
{Sigma Chemical Co{ 5t Louis MG. UBSA)
for 24 h.

Detayed hypersensitivity(DH) DH re-
sponse was performed using the method of Ref
12. CS7BL mice were sensitized on the skin
with 0.05 ml of 1% 2.4—dinitrofluorobenzene
(DNFB. Xingta Chemical Industrial Factory.
Shanghai. China) in oil-acetone (1:1} solu-
tion to their shaved abdominal skin {3 x 3 cm”)
on d 0. Right and left ears were challenged
with 1% DMNFB 10 g4l oil—acetone solution and
IO pl oil-acetone solution respectively 4 d
later. Ear pinnae (®= 9 mm) were weighed
24 b after challenge. DH responses were ¢x-
pressed as the net ear swelling in mg. which
was calculated as the differences of ear weights
between right (challenged) and left (unchal—
lenged) ears.

Cell preparation and tymphocyte prolifer—
ation assay Spleens were removed aseptically
from intact healthy mice or met—enk—ireated
mice and placed In a complete RPMI 1640
medium. Single cell suspensions and lympho—
cyte proliferation assay were performed as
described previously'”.

Interleukin—2 (IL—2) production and assay
For testing the IL-2 produciion in vive,
splenic cells from met—enk—treated mice were
adjusted to 2 ¥ 10°- ml” in medium and
added in triplicate to wells of 24—well plates
{(Costar. Cambridge MA., USA) containing
Con A (5 ug * ml™") in total volume of | ml

Wwere

Supernatants were removed after a 24 h
incubation in a humidified atmosphere at 37C
and 5% CO, +95% air.

For 11—2 production assay in vitro. sin-
gle splenic cell suspensions were prepared and
diluted to 2 * 10% - ml”' in medium. then
distributed in | ml total volume to the wells of
24—well plates. The cells were cultured in the
presence of various concentrations of Con A
and met—enk in a humidified atmosphere at
37C and 5% CO. Supernatanis were ob-
tained at desired incubation times and tested
for 1L—2 activity.

IL—2 aclivity was determined by the abili-
ty of the supernatants to support the growth of
1L—2—dependent cell line{ CTLL—2) according
to Ref 13 with some modifications. Briefly,
CTLL-2 cells were washed 3 times and then
resuspended at 1 * 10° - ml™ in medivm.
The cell suspensions (100 ul) were added to the
wells of 96—well plates containing serial dilu-
tions of the supernatants (100 pl). The plates
were incubated for 24 h at 37C 1in 5% CO,,
accompanied by [methy—"Hlthymidine 148
kBq / well during the last 6 h. The cultures
were then harvested and the incorporated
radioactivity was determined by liquid scintil—
lation counter. The data. collected as dpm.
were then analyzed by probit analysis as Ref
13, Resulis were expressed as units per
milliliter (U - ml™") vs the standard IL—2 pre—
paration (Human ultrapure interleukin—2,
Genzyme Corporaucon, Boston MA, USA).

Detection of IL—2 receptors by fluores—
cence—activated cell sorter (FACS) The
fluorescence analysis was done as Ref 14. The
splenocytes were cultured in 24—well plates at
37C in 5% CO, for48 hat2 x 10f- ml™
in | ml of complete medium with or without
Con A {5 ug - ml™') and / or met—enk 10 nmol
- L' At the end of incubation. the cells
collected and washed twice in
phosphate—buffered solution (PBS. pH 7.2)
containing 1% NBS. and stained with the
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monoclonal rat anti-mouse IL-2 receptor
(Boehringer Mannheim Biochemica. Germa—
ny) and in succession with FITC—conjugated
rabbit anti—rat IgG (ICN Immunobiologicals,
Liele IL.. USA). The cells were washed com-
pletely and fixed with 1% formaldehyde. To
detect cell surface—associated antigens recog-
nized by anti-mouse IL—2. we used 10 000
cells for flow cytofluorometry by FACStar
PLUS {Becten—Dickinson).

Statistical analysis Evaluation for sta-
tistical significance was accomplished by using
t{two tail) test. comparing with the data (x £
§) obtained in the absence or presence of
met—enk.

RESULTS

Effect of met—enk on DNFB—induced DH
response to epicutaneous sensitization To de-
termine whether met—enk affected induction
phase and / or effector phase. CS57BL mice
were injected ip with met—cnk either before or
after epicutaneous sensitization. Met—enk
significantly enhanced DH response given to
mice from sensitization day to challenge day
{Tab 1, P<0.05). No effect of met—enk on

Tab 1. Effeet of ip methionine enkephalin (met—enk)
on 2. d—dinftrofluorobenzene (DNFB)—induced (chal-
lenged on d 4) delayed hypersensitivity (DH) in C57BL
mice. *P>005, ““P <005 vs control. NS =normal
salime.

Dose / . Met ear swelling *
mg - kg' - 47 mg
NS x5d 6 78413
Control 0154 o D5t 7"
0.1%5d 6 123743
Met-enk 1>5d 6 102+35°

Mice were injected 1p met—enk or NS ummediately be-
fore and 12 h after challenge.

Control NS 5 82429
entro 0.01 5 95+36"

) 0.1 6 89=dn"
Met—enk 1 6 9.5t3.5

DH response was observed when met—enk was
given beginning on the challenge day. :

Effect of met—euk on Con A—stimulated
I[L.~2 production in mouse splgnocytes
Met—enk 10—1000 nmo] - L', when cultured
with splenocytes in the presence of Con A (5
pug - ml'} for 24 h, significantly enhanced
Con A-stimulated IL—2 produciion f[rom
spleen cells in concentration—dependent man-
ner. The IL—2 activities were 24.5% 1.5, 26.2
+ 3] (P>0.05). 208+ 25 (P<0.01). and
322+ 35(P<001) U - m™ in met—enk 0.
0.1, 10. 1000 nmol - L' groups, respective—
ly. Further studies indicate that enhance-
ment of IL.—2 production by met—enk may re-
quire suitable concentrations of Con A. That
is. both at a lower Con A concentration (0.5
pg - ml') and at a higher Con A concentra-
tion { 10 pg - ml™"), the increased [L—2 pro-
duction by this peptide did not appear any
more (Fig 1).
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Fig 1. Influence of methionine—enkephalin on Con

A—stimulated interlenkin—2 prodoction from mouse
splenocytes in vitro. r= 5, x £ 5 *P>0.03,
TP< (.05, TTP<0.0] w control. (') ) control.
(@ ) met—enk 10 nmol - L™, ( > ) met—enk [ pmol

- L7,

In order to confirm if met—-enk also has
stimulating effect on 1L—2 production in vive,
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we mjected CS7BL mice ip with metenk 0.01.
0.t. and 1 mg- kg' for 5 d.
spleens removed on d 6 for lymphocyte
proliferation and 1L—2 production tests. Both
lymphocyte transformation and 1L—2 produc-
tion were significantly increased by met—enk.
Furthermore. the enhancement of 1L-2 by
met—enk was parallel to thal of lymphocyte
proliferation by the peptide.
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Fig 2. Effects of methionine—enkephalin on lympho—
cyte proliferation and interleukin—2 production in vive,
n= 4. ‘P>0.05. TP<003.  TTP<0.01 v
control,

Effect of met—enk on 1L-2 receptor ex-
pression on lymphocyles When met—enk 10
nmol -+ L™, an effeclive conceniration for
1L- 2 production, incubated with lymphocytes
from different immune organs in the presence
of Con A (5 ug - ml™) for 48 h, the peptide
did not show any effect on 1L—-2 receptor ex-
pression on splenocytes (percent of 1L-2
receptor positive cells was 57 6 in Con A
control. and 58+ 7 in Con A+met—enk treat—
ed group. FP>0.05); thymocytes (percenl of
11.-2 receptor positive cells was 60+ 7 in Con
A control, and 61+ 8 in Con A+met—enk
group, P>0.05). and gut—associated lym—
phocytes (percent of-1L—2 receptor positive
cellsis46+ 7 in Con A control. and 441 9 in

and the .

Con A+met—enk group, P>0.05). Met—enk
10 nmol - L™ had no effect on spontaneous
1L—2 receptor expression either.  Afler
lymphocyles cultured with met—enk 10 nmol -

L™" for 48 h. the sponlaneous 1L—2 regeplor
positive cells in splenocyles  control: 7+
0.5%: mel—enk group: 6.8% 1.1%, P>0.05),
thymocyles (conirol: 4.5+ 0.7%; mel—enk
group: 4.7t 1.2%. P>0.05) and gul*asso-
ciated lymph node cells (control: 52+
0.8%: mei—enk group: 5% 1%. P>005)
did not show any significant alteralion.

DISCUSSION

Our results revealed that met—enk
significantly augmented 1L—2 production with
concentralionl dependen! fashion from sub—
oplimal concentralicns of Con A—activated
splenocytes. Mice trealed with mel—enk i
vive also showed significanl enhancement of
IL-2 production. These results did not agree
with that of Ref 15, which showed thait
mel—enk did nol increase 1L—2 produciion
from LBRM—33. the mouse T cell lym—
phoma. The difference may be explained as
tollows: there were some differences between
normal and tumor cells, eg. transformed
human lymphocyles had high and low affinity
special binding sites for f—endorphin'’, but
EL4 cells had only moderate and low affinily
ones'”. In addition. lymphocytes from dif-
ferent individuals did not all respond to one
opioid and vice versa.

This explanation was consistent with stud-
ies by Brown and Van Fpp" whg demon-
strated that an enhanced mitogen—stimulated
IFN production in response to f—endorphin
did not always correspond with an enhanced
response to met—enk. The reverse was also
observed that the individual responded to
met—enk but not to f—endorphin.

The effective dose of met—enk in vitro was
higher than the pliysiological level in blood. .
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This may be due to the rapid decomposition of
met—enk during experiment. The possibdity
that there were high concentrations of opioids
in the local environment, in which opioid
peptides may exert their immunomodulation
in 4 paracrine and / or autocrine manner, c¢an
not be excluded. In fact. lymphocytes stimu-
lated by antigens or mitogens expressed
POMC and preproenkephalin mRNA. and
then produced opioid peptides in the local”'.
These may indicate that opioids could regulate
immune responses at least during diseases.
such as infections and tumors.

In view that the IL-2 production and
IL-2 receptor expression are two closely
linked events doring T lymphocyte activa—
tion, we investigated whether met—enk also
altered the IL—2 recepior expression by T cells

using FACS. When cultured with lymphocy—

tes from thymuses, spleens and gut—associated
lymph nodes respectively for 48 h in the pres-
ence or absence of suboptimal concentration
of Con A. the effective concentration of
mei—enk did not show any effect on sponta-
neous nor Con A—activated 1L~2 receptor ex-
pression. Perhaps. the sensitivity to the same
signal in the initiation of 1L—2 production and
IL~2 receplor expression by lymphocytes was
different.

In light of the observaiions that 11L-2
promoted the oligodendrocytes to proliferate
and differentiate’”’ and enhanced the POMC
gene expression in pitoitary cells , and that
lymphocytes produced opioid substances'™.
our data provided a further evidence thai a
regulatory loop existed between the immune
and neuroendocrine systems by which they
modulated each other effectively,
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Effects of copper and selenium on electric parameters of cultured
myocardial cells damaged by xanthine—xanthine oxidase

ZHONG Guo—Gan. JIANG Yan'. YUE Gang. LI Yun-Yi. SUN Xjao—Xia, ZHANG

Wen—Jie (Department of Physiology,
Changchun 130021, China)

ABSTRACT Addition of xanthine 0.42 mmol - L™
and xanthine oxidase 5.3 nmol - L™ (X—XO) to the
culture medium increased the amplitude of ESR
spectra of myoccardial cells. demonsirating an in-
crease in free radical contents: diminished the action
potential parameters significantly and reduced the
input impedances from 0.34+ 0.11 o 0241 0.} M1},
expressing a typical electrical appearance of mem—
brance damage. Supplying Cu 62.5 ng- ml”
and /or Se 173 ng - ml"' to the medium brought all
of the electric parameters and the free radical content
of myocardial cells back to normal. The results indi-
cate that both the two trdce elements are able Lo
scavenge free radicals. thus antagonizing X-XO.
whach induces damage o myocardial cells.

cultured cells;

KEY WORDS myocardium:
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copper; selenium; free radicals: action potentials;
xanthine oxidase

Cu and Se are the active centers of
superoxide dismutase (SODY" and glutath—
ione peroxidase (GP)*' respectively, which
are powerful scavengers of free radicals in the
body. In this experimeni, we studied the
antioxidative action of the two trace elements,
taking the action potential, input impedance,
and free radical content of cultured myocar—
dial cells as indices.

METHODS

Cardiomyocyte culture'®  Dispersed car—
diomyocytes from neonatal Wistar rats were
cultured in a carbon dioxide incubator (36.5C .
pH 7.2), and divided into 5 groups, according
to the different compositions of the culture
media:
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