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Methionine-enkephalin augments interleukin-6 production

and gene expression’
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Academy of Sciences. Shanghai 200031, ‘Shanghai Research Centre of Biotechnology. Chinese

Academy af Sciences, Shanghai 200233, China)

AIM:. To study the effect of methionine-
enkephalin (met-enk) on the production and
gene expression of interleukin-8 (IL-6) both
in vive and in vitro. METHODS: IL-56 was
assayed using its dependent cell line MHGB0
« BSF2 and measured by MTT spectropho-
tometry. IL-6 gene expression was proceeded
by RNA isolation and hybridization with I11.-8
cDNAL RESULTS: Met-enk stimulated
IL-6 mRMNA expression and increased its sta-
bility. Met-enk 0.1 and 1 mg-kg~'ip for 6 d
enhanced serum IL-6 levels. CONCLUSION .
An up-regulation of IL-6 by met-enk was me-
diated through an increase in transcriptional
activity and stability of IL-8 mRNA.
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Interleukin-6 (IL-6) is a pluripotent cy-
tokine that promotes B-cells to produce anti-
body. stimulates growth of hybridomas and
plasmacytomas as well as the growth and dif-
ferentiation of T-cells. Its spectrum of activi-
ties includes the hematologic and neurologic
fields. IL-6 is similar, in structure and func-
tion, to a family of neuropoieitic cytokines ca-
pable of modulating the expression of a num-
ber of neurctransmitter synthetic enzymes and
neurgpeptide hormones in post-mitctic nen-
rons. This cytokine is released from a variety
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of cell types such as monocytes /macrophages.
fibroblasts. endothelial cells, T-cells, and as-
trocytes. Depending on the cell type. its ex-
pression can be induced by a wide variety of
agents including interleukin 1 (IL-1). tumor
necrosis factor-alpha ( TNF-a), interferon-
gamma (IFN-7), platelet-derived growth fac-
tor, neuropeptides such as substance P,
lipopolysaccharides (LPS). and viruses'V,

As a link between the neuroendocrine and
immune system. the endogenous opicid pep-
tides met-enk has been found as a modulator
on several immunologic {unctions both in vitro
and fn vive such as enhancing the proliferation
of peripheral blood lymphocytes and spleno-
cytes when stimulated with or without mito-
gens. increasing the production of cytokines
such as IL-1. IL-2, IFN-Y from macrophages
or splenocytes'?®,

In this study the effects of met-enk on the
production and gene expression of IL-6 from
macrophages and L929 cells iz vitro and mouse
splenocytes in wive were investigated to cobtain
more evidence on the neuro-immunomodu-

lating network.

MATERIALS AND METHODS

Mice
purchased from Shanghai

BALB/c and C57BL/6 mice (2045 2 g

were Animal Center,
Chinese Academy of Sciences.

Cell lines
blast} was obtained from Shanghai Institate of Cell Bi-
ology « Chinese Academy of Sciences. MHAOBSF2 cel]
tine was kindly supplied by Dr TIAN Zhi-Gang, Shan-

dong Medical Academy of Sciences. cultured with

L929 cell (tumorigenic murine fibro-

I % newborn bovine serum RPMI 1640 medium con-
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raining buman recombinant 1IL-6 2v kU-L™".

Reagents Met-enk, LPS, and trypsin were pur-
chased from Sigma Co. Dactinomyein (Dac ). diethyl
pyrocarbonate and MTT were from Fluka Co. Guani-
dine isothiocyanate and N-lauroyl sarcosin Na were
{from Amersham Co. Medivm RPMI1 1644 ( Gibco
Lab)-containing media was supplemented with HEPES
bulier1¢ mmol«L ™', penicillin 100 kU <17, strepro-
mycin 100 mg'L~*, L-glutamine 2 mmol-L~', 2-met-
captoethanol 50 mmol +L~! and 10 % newborn bowine
serum. pH 7.2, [a-*PJdATFP was the product of Bei-
jing Furni Company of Biotechnology. Random primer
labeled kit was from Boehringer Mannhetm Co. IL-6
cDMNA plasmid was constructed in our lab.

Peritoneal macrophages
peritoneal macrophages were obtained d 4 after an ip

Thioglycollate-elicived

injection of 1 mL 3 2; thioglycollate medivm, and re-
suspended in RPMI 1640 medium at a concentration of
22X 10° cells + L.™*, The cell suspension (1 ml) was
seeded to 24-well plate. After 2-h incubation at 37 C
in a 5 % CO; atmospbere. nonadherent cells were
washed off twice with RPMT 1640 medium,

Bioassay for IL-6%
for 11.-6 was performed using an TL-6-dependent B-cell
hybridoma, MB&0 - BSF2. The MHGB0 « BSF2 cells

were cultured at a density of 12X 10 cells/well in the

The proliferation bioassay

presence of macrophage and L1929 cell supernatants
collected after 20-b met-enk treatment or the serum
from mice after ip met-enk for 6 d. After 24 or 48 h,
depending on the growth condition of MH60 « BSFZ.
MTT 28 pL. (10 g*L~') were added for 5 b and then
100 pl of 10 23 SDS—HCI 0. 01 mol-L™" were added
to each well after mixing on a plate mixer. The culture
plates were incubated avernight at 37 € tna 5 Y CO;
incubator. The absorbance at 570 nm was measuared
by ELISA spectrophotometer.

RNA Isolatlon and analysis  Total cellular RNA
was tsolated from 1.929 cells or mouse splenocytes by
the guanidine isothiocvante method™ and quantitated
by absorbance at 260 nm. RNA samples (30 pg) dena-
tured with formaldebyde were applied onto a nitrocel-
lular filter in the presence of 10X standard saline cit-
rate (S8C) and immobilized by heat treatment at 80 T
for 2 h. Prebybridizetion {at least 2h, 63 € ) and hy-
bridization (overnight at 68 ) were carried out in a
mixture containing 5 X Denhardt’s Solution. 5 X S8C.
0. 1" 5% SDS, and salmon sperm DNA 200 mg-L"'.

The final washing steps were carried out with solu-
tions containing 2 X 88C ¢. 1 Y 8SDS ( 2 % 15 min),
0.1.<88C 0.1 % S5DS (2X15 min), and Q. 1 X 38C
(2 415 min). The bybridization probe was prepared
by digestion of murine TL-6 ¢DMNA-containing plasmid
pGEM 3Z(¢(+ ) 1L-6 with EcoR | and BamH 1. and la-
beling of the appropriate DNA {fragment (670 bp) with
[a-2PJdATP using random primers. Dot blots were
exposed ro X-ray film for variable times at — 70 C.
Autoradiograms wete scanned with a  Laser

densitometer (LKB Ultrascan XL),
RESULTS

IL-6 production In murine peritoneal
macrophages  IL-6 production from murine
peritoneal macrophages was enhanced after
treatment with met-enk ranged from 1077 to
107"° mol+*L""for 20 h. LPS s a potent inducer
of I1.-6 expression and it cooperated with met-
enk in stimulating I1.-6 synthesis and secretion
from macrophages (Tab 1),

Tab 1, Enhancement of IL-6 production in mouse
peritoneal macrophages by met-enk for 20 h ir vitro.
n=6, ¥*s, *P<0. 05, “P<D- Ot vs control;

* P<0.01. vs5 contro] without LPS.

Met-enk Asys MTT incorporation
(mol-L™'} without LPS with LPS (10 mg-L~")

0 0. 62740, 039 0. 877+ 0. 088
(i 0. GRAL-0. 079 0. 852+0. 033
197° Q. 7684 0. 042 1. 0954 0. 052
10-*° 0. TR7 0. 056° 1. 1084 0. 063"
1077 0.83840.021° 1.1224+0, 070°
1o-F 0. 8824 0.021° 1. 1R 0. 040°
l1o0—¢ (. 802+ 045° 0. 998+ 0. 085*

IL-6 production from L929 cell Well
growing L929 cells were treated with met-enk
for 20 h. Met-enk (107 — 107" mol « L™7)
markedly stimulated 1.929 cells in producing -
I1.-6 as compated to the control wells (Tab
2), An optimal concentration (10"*— 107 mol
L'} of met-enk may exist because lower or

higher concentrations on the promoting IL-6
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production weve not significant.

Tab 2. Activity of met-enk on IL-6 production from
L929 cells for 20 h in vitro.
n=6, Xxtr5, “P<0.01 ¥s control.

Met-enk (mol-L') MTT incorporation A

i} 0. 72840.026
1471 0. 7731 0. 047
107 0.73810. 035
s 0. 883+ 0. 033°
147 0. 515+ 0. 034"
10 0. 72410, 064

IL-6 gene expression in 1929 cell Met-
enk 107 —10"° mol-L ™" resulted in an elevat-
ed background level of 1L-6 mRNA after 2 h.
These changes were thost remarkable at 6 h
after treatment with met-enk 107° mol - L7
Lower concentration {107 mol:L™') showed
a stimulating activity. However, IL-6 gene
expression did not elevate further with in-
creased concentration of met-enk (Fig 1).

Met-enk/lg mol » L.

Fig 1. Dot blot analysis of IL-6 mRNA Indaction
L929 cells were grown to confluency and treated with
met-epk for 2 or 6 h. Total RNA (M) pg) was isolated
and immobilized onto nitrecellulose filters. The Hiters
were probed with [P Iabeled IL-6 ¢cDNA from
mice. C; control.

Production of 1L-6 and IL-6 mRNA in
vire The IL-6 levels in mouse serum after ip
met-enk 0. 1 or 1 mg + kg™' were markedly
higher than that of saline group and met-enk 1

L

mg - kg ™' was comparable to that after 2-h

treatment with ip LPS 5 mg-kg™' (Tab 3).

Tah 3. Influence of met-enk on TL-6 levels in mouse
serum in vitre. =5, "P<<0.03. *P<4.01 v5 saline.

Group dose/mgrkg™! » MTT incorporation Asy

Saline 4 0. 573+ 0. 045
Met-enk  D.1.A46d 5 0. 658 0. 034"
Met-enk  1,0X6d 5 0. G000 029°
LPS 5.0-2h [ 1. 00510, 031°

Both 0.1 and 1 mg * kg™' doses of met-enk
induced 1L-6 mRMA transcription evidently
and the action of met-enk at the higher
that of LPS-treated

dose was similar to

group’s (Fig 2).

A B c D

Fig 2. Met-enk induces I1-6 gene expression in mice.
RN A was isolated from murine splenocytes. and M) yg
RNA was blotted and hybridized with [ «*P jlabeled
IL-6 cDNA probe specific for IL-6. A) LPS 5 mg
*kg ' X2 h: B) Saline: C) Met-enk 0.1 mg-kg™' <6
d; D) Met-enk 1. O mg kg™ >.6 d.

Stability of IL-6 mRNA The increase in
IL-6 mRMNA caused by met-enk was consistent
with the possibility of an increased stabiliza-
tion of IL-6 mRMNA. The results after IL-6
mRMNA  hybridization and
showed that met-enk at higher concentrations
(1072 —107* mol *L™') increased the stahility

of IL-6 mRNA (Fig 3).

autoradiation

DISCUSSION

In the present study. met-enk not only
directly induced 1L-6 production from mouse
petitoneal macrophages and L5929 cells in vitro
and elevated the serum levels of IL-6 in mice
in wive, but also markedly increased LPS-
induced production of 1L-6 from macrophages.
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Flg 3. Met-enk increases the stability of 1L-6
mRNA. L929 cells were induced with met-enk for 6 h.
Dactimomycin (1 mg+L™") was added to cultures to in-
hibit funther RNA synthesis for 1 h. Total RNA 30 ug
of L929 cells was analyzed per sample. A} control
with Dac; B} control; C) met-enk 107" mol - L%;
D} met-enk 107 * mol ‘L™ 'y E) met-enk 10" * mol -L. 7.

Furthermore, met-enk caused the transcrip-
tional activation of the IL-6 gene in L929 cells
as well as in mouse splenocytes, a significant
increase in IL-6 mRNA stability was ob-
served. Like IL-6. the synthesis and secretion
of other cytokines such as IL-1, IL-2, and
IFN-Y were up-regulated by met-enk™"", sug-
gesting that met-enk is an important im-
muncmodulator during immune responses and
inflammatory process.

The involvement of met-enk in IL-§ pro-
duction may be of physiclogical relevance in
stress and inflammatory responses and may
play a role in the communication between neu-
roendocrine system and immune system. The
physiological source of endo-opioids may be
generated by cells of the immune system be-
side neucendocrine origin, However. 1L-6 was
generated not only by immunocompetent cells
but also by astrocytes and fibroblast cells®.
Therefore, met-enk may be one of the medi-
ated messengers which mediate the primary or
secondary responses when the body were stim-
ulated by mitogens or antigetns.

The increased expression of IL-6 mRNA
involved both transcriptional and post-tran-
scriptional regulatory mechanisms. Previous
studies have displayed that induction of IL-6
expression is mainly the results of transcrip-
tional gene activation, The 5. flanking se-

quences upstream of IL-6 gene contains sev-
eral response elements that confer gene in-
ducibility by the transcription factors such as
AP-1, NF-«B and NF-IL6. Induction of IL-6
transcription by LPS and IL-1 has been shown
to be linked to the activation of NF-«B and
NF-IL&"'", As met-enk enhanced LPS-
induced IL-8 and IL-1 production. it is thus
considered that met-enk may exert potential
effect on IL-6 expression through enhancing
activation of NF-kB and NF-IL6.

In addition, mRNMNA stability was con-
trolled by both RNMNA specific sequence and
RNA binding proteins. A conserved A 4+ U
rich sequence in the 3, untranslated region
(UTR ) has been identified among labile
mRNA for cytokines such as IL-6, GM-CSF,
and IL-2. This kind of 3.UTR could be a tar-
get for endonucleases or transacting factors
regulating IL-6 mRNA degradation'’-. It is
not clear which AU binding proteins were in-
volved in the increased stabilization of IL-6
mRNA induced by met-enk.
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Effects of tetrandrine on rabbit platelet aggregation
and platelet activating Factor generation

ZHANG Min., ZHANG Le-Zhi, LU Jin-Sheng

{(Department of Pharmacology, Third Military Medical College, Chongging 630038, China)

AIM: To study the effects of tetrandrine
(Tet) on platelet aggregation and platelet ac-
tivating factor (PAF ) generation in rabbit
platelet-rich plasma (PRP)., METHODS,
The aggregation rate of platelets induced by
caleimycin {(Cal) and PAF and the inhibition
rate of Tet on platelet aggregation were mea-
sured. The amount of PAF in PRP stimulated
with Cal and treated with Tet was also mea-
sured. RESULTS: Cal 1 —8 pmol-L77 and
PAF 9.5~ 190. 5 pmol - L7 induced platelet
aggregation, At the final concentrations of 4
—64 pmol+L ™" Tet inhibited the aggregation

Eeceived 1993-1)4-08 Accepted [994-07-25

induced by Cal 4 pmol-L7" and PAF 142. 9
pmol ~L7', The IC,,{95 % confidence limits)
were 8.6 (6. 0—12. 2) pmol-L.7" for Cal and
14. 0 (6. 4— 30, 4) pmol-L7! for PAF. In the
PRF aggregation by Cal. there was a marked
increase in PAF content. Tet dependented the
release of PAF from platelets by Cal in a con-
centration-dependent mannet . with IC.; of 21
(8—54) gmol-L™', CONCLUSION, The in-
hibition effect of Tet on platelet aggregation
might be concerned with the reduction of en-
dogencous PAF generation,
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tion; platelet activating factor; caleimycin

tetrandrine; platelet aggrega-


http://www.cqvip.com

