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Enhancement of interleukin-2 production and its mRNA expression by

dihydroartemisinin'
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ABSTRACT
a novel antimalarial drug dihydroartemisinin
DHA 0.5
—5 pmol L~ ' enhanced the lymphoeyte prolil-
eration induced by Con A. Interleukin 2 (IL-
2) production and its mRNA expression by

Immunoregulatory properties of

(DHA) were investigated in vitro.
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both Con A-stimulated mouse splenocytes and
a T cell line LBRM-33-1A5 were also aug-
mented by DHA. In contrast, DHA 0.5—3
pmol < L' did not show any effect on the
lipopolysaccharides ¢ LPS )-induced lympho-
cyte prolileration and the spontaneous and
mitogen-induced proliferation of translormed
T cells. These results indicated that DHA
might regulaté lymphocyte responses through
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the induction of IL-2 production and that the
enhanced T cell proliferation and IL-2 praoduc-
tion might be mediated through different path-
ways.
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{(DHA), artemisinin (Art), and artesunate
were first developed in China in 1970s.

The antimalarials,

These drugs can also regulate immune re-
sponses. SRBC-driven plagque forming cell
{PFC) {formation, lymphocyte proliferation
and delayed hypersensitivity {DH) were inhib-
ited by Art 100— 300 mg-kg ! and DHA 100
mg kg ! “"*. In contrast, Art (50—100 mg
*kg™') strengthened the phagocytosis of peri-
toneal macrophages and the production of
interferon in serum, and to enhance the DH
responses and acid  phosphatase  of
s When cultured with
mouse splenocytes in witre Art promoted the
lymphocyte transformation™. Sodium arte-
sunate, a water soluble derivative of Art,

markedly enhanced anti-SRBC PFC formation

72

macrophages

in mice”’ at a daily concentration of 50¢ mg
*kg 'for 5d. Art and its 2 derivatives DHA
and arteether exhibited marked suppression of
humoral responses at concentrations of 400—
600 mg +kg™', as measured by the hemolytic
plaque assay'™.
alter DH response to SRBC™. QOur experi-
ments showed that Art and its derivatives
stimulated immune responses in normal mice
and accelerated immune reconstitution of mice
after syngeneic bone marrow transplantation
(SBMT) at lower concentrations (<50 pmol
=L.7'). but exhibited moderate suppressing
effect on immune responses at higher concen-
trations (>>1000 pmol«L~")%,

In this report, we mainly studied the ef-

But these 3 agents did not

fect of DHA on T lymphocyte proliferation.
IL.- 2 production and its mRNA expression, at-
tempting to elucidate its immune modulating
mechanisms.

MATERIALS AND METHODS

Reagents DHA was prepared by Dr TU You-
You (Institute of Traditional Chinese Herbs. Chinese
Academy of Traditional Chinese Medicine., Beijing).
Con A and LPS were from Sigma. Recombinant hu-
man 1L-2 {(rh-1L-2) was produced in E cofi in our
PhotoGen™ MNucleic Acid Detection
System was from Gibeco/BRL Life Technologies,
Inc {Gaithersburg, USA).

Mice BALB c mice. %, 3 months old (Experi-
mental Animal Center, Beijing Medical University},

Department.

were group-housed for at least 1 wk before use. Food
and water were given ad lb.

Cell llmes A type-2 T helper (HT-2? cell clone
and a T cell line LBRM-33-1A5 (LBRM) were main-
tained in our laboratory. HT-2 clone was grown in
RPMI 1640 medium containing rh-IL-2 20—30 U
+ml™! and cultires were split 115 into fresh 1L-2 con-
teining medium twice a week. LUBRM was passaged
as HT-2 cells, but without adding 1L-2 inte the
medium.

Splenocyte preparation and ir virro Lymphocyte
protiferation assay  Spleen single cell suspensions
were prepared in complete RPM1 1640, To mea-
sure the effect of DHA on mitegen-induced prolifera-
tion, triplicate cultures were eatablished containing 50
pl of splenocytes (4 10° cell /well) with 50 pl of sub-
optimal concentration of Con A (5 pgeml™') and 100
t of serinl tenfold dilutions of DHA. ' Cultures were
incubated for 72 h in a humidified chamber at 37 T /5
% CO;in air, pulsed with [*H]TdR 14. 8 MBq/well in
the final 12-h incubating period and harvested onto
glass fiber filters. Cell-associated radicactivity was
measured using a scintilation counter {efficiency = 45
24). The results are expressed ms disintegrations per
minute (dpm).

IL-2 generation by splenic cells and LBRM cells
Splenocytes (2 > 10°) or LBRM eells (1 X 10°) sus-
pended in complete RPM] 1640 medium were incubat-
ed in 24-well tissue culture plates in 1 ml RPMI 1640

final volume containing varying coencentrations of DHA
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After caltured
for 12, 24, and 48 h, the supernatants were collected

in the presence of Con A 5 pgrml™.

for assaying the IL-2 levels.

IL-2 hioassay A modification of the bioassay es-
tablished by Gillis et af*'" was used. Twolold dilu-
tions of supernatants (0.1 ml) were added to 96-well
culture plates containing 0.1 ml IL-2 sensitive HT-2
indicator cells (1 10° cells/ml). These plates were
incubated for 18 b, pulsed for § b with [*H]TdR 14.8
MBq / well and processed ss described above for the
determination of cell-associated radioactivity. Stan-
dard rh-1IL-2 and Con A concentration response curves
with HT-2 cells were always included to enaure the
integrity of the indicator cells.

Preparation of RNA and dot blot analysis Each
assay used 2 ¥ 107 splenocytes or 5 10° LBRM cells
cultured in a 15-cm plastic culture dish. At indicated
times, total RMA was extracted using the AGPC
method“?,
ted on nylon membrane
prehybridized and hybridized as described previous-
ly™*,  Quantitation of mENA was performed by scan-
ning the blot using a densitometer,

Statistlcs analysis
determined by 2-tail ¢ test.

Equal amounts of RNA (5 pg) was spot-

09 The membranes were

Statistical significance was

RESULTS

Effect of DHA on mouse lymphocyte pro-
liferation The influence of DHA on the mito-
genic responses of splenic T- and B-cells was
determined at first. Con A and LPS were se-
lected as mitogens for T- and B-cells, respec-
tively, because both are effective polyclonal
activators for T- and B-cells. Normal mouse
splenocytes were incubated for 72-h in varying
concentrations of DHA. DHA enhanced Con
A induced T-lymphocyte proliferation in a
concentration-dependent manner, but did not
show any effect on LPS-induced B cell prolif-
eration at the same concentrations. Unstimu-
lated splenocytes. however. were not affected
by DHA (Fig 1).

When the concentrations of DHA were >
500 pmol « L™', a moderate suppression of
lymphocyte proliferation induced by both Con
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Fig 1. Effect of DHA on |lymphocyte proliferation In
the presence and absence of Con A (5 yg-ml™') or
lipopolysaccharides (LPS. 10 pg-ml~!). n=4 culture
weils, Tts "P>0.05, "P<0.05, “P<0.01 vs
control.

A and LPS was observed {(data not shown).
The inhibitory effect of DHA (>>50 pmol
»L.™Y) on lymphocyte proliferation may be due
to its direct cytotoxicity, because the cell via-
bility in DHA (1 mmol » L™!)-treated group
was weakened vs control (Tab 1). So, the
concentrations of DHA <{500 pmol *L ™! were
used in our eXxperiments.

Tab 1. Viability of Splenocytes caliured for 3 d with
dihydroartemisinin in the presemce or absence of Con
A. n=3 *‘P>0.05, "P<0. 05 vs control.

Cell viability /%4

DHA/ .
pmol L~ Without Con A With Cmi A
5 pgel?
0 8719 B6t12
5 g§§t15 B5+14°
50 g41t11° B7L16
500 g7+10° BOL 10"
1000 Bz+7" 678"

Kinetics of DHA enhancement on T lym-
phocyte proliferation The stimulating effect
of DHA on Con A-induced T cell proliferation
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was dependent on the time at which the com-
pound was added to the cultures. The addi-
tion of DHA (5 pmol-L ') at 0 or 6 h resulted
in maximal enhancement. A moderate aug-
mentation of lymphoproliferation was seen
when DHA was added at 12 h.
action on T cell proliferation when DHA was

added later than 24 h (Fig 2).

There was no
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Effect of DHA on IL-2 production by
mouse splenocytes and mouse T-cell line
LBRM DHA enhanced IL-2 production by
mouse splenocytes in the presence of Con A
(Fig 3). However, DHA did not increase IL-
2 production from unstimulated lymphocytes
(data are not shown here}). In order to test
whether DHA had any direct stimulating ef-
fect on IL-2 production, LBRM cells. a T-cell
line, were incubated in DHA and Con A.
DHA strengthened the production of IL-2 by
LBRM cells in the same way as that of mouse
But DHA had no effect
on cither spontaneous or Con A-induced
LBREM cell proliferation {data not shown}).

Effect of DHA on IL-2 mRNA expression
by mouse and LBRM
Splenic cells and LBRM cells were assessed
for their capacity to produce 1L-2 mRNA upon

splenccytes (Fig 3).

splenocytes cells
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Fig 3. Effect of DHA on IL-2 production from Con A

¢S5 ug * ml™"'} induced splenocytes and T-cell line
LBRM-33-1A5. 17 — 3 experiments. ¥+ s. P>
005, "P<<D.05. “P< 0- 01 v5 control.

stimulation by Con A in the presence of DHA.
DHA stimulated IL-2 mRMNA expression over
a wide range of concentrations (0.5—5 pmol
-L7') and the stimulation of IL-2 mRNA ex-
pression appeared in a concentration-depen-
dent fashion (Fig 4).
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Fig 4. Effect of DHA on IL-2 mRNA accumulation in
Con A-stimulated LBRM-33-1A5 and splenocytes
Spl). »=3 experiments. x+s. *P>0 05, ‘P<
. 01 v=s control.

Kinetics of IL-2 production and IL-
2 mRNA expression by DHA  Kinetics of [L-2
production by DHA was determined by assess-
ing the supernatants of splenocytes stimulated
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with Con A for their capacity to support HT-2
cell growth in the presence of DHA 5
pmol « L. The IL-2 production was en-
hanced by DHA at 24. 48 and 72 h culture pe-
riods, The maximal production of IL-2 was
not only enhanced in its height but also broad-
ened in its peak. In addition. the production
of IL-Z decreased with lengthening of culture
time to a lesser degree in DHA treated
groups. 11.-2 mRNA expression was aug-
mented by DHA, especially during the 48 h

incubating time {Fig 5}.
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Fig 5. Kinetics of IL-Z prodoction and mliNA

accumulation in Con A-indoced splenocytes by
dibydroartemisinin (§ pmol<L~";.  IL-2 activity (A
and its mRNA (B}, n=3 experiments, x+s. “P>>
0. 05, *P<Z0. 05, “P<70.01 vs control.

DISCIJSSION

The present experiments showed that
DHA in a concentration range of 0.05 — §

~! consistently augmented the T-cell

pmol « L
proliferation. while B-cell proliferation was
not affected,

previous reports™® and that of Qian e a/™,

These results confirmed our

However. cur results did not conform to those
of Shen ef o/ and Sun ¢t @?% who demon-
strated that Art markedly inhibited lympho-
cyte proliferation induced by Con A, The ap-
parent discrepancy may be explained by differ-
ences in experiment conditions. the com-
In fact. DHA
was also found to inhibit l¥mphocyte prolifera-
(=50 pmol
The suppressed lymphocyte prolif-

pounds used and their purity.

tion at higher concentrations
‘L*'I}ES'].
eration may be due to the direct cytotoxicity to
some degrees, because the cell viability in
DHA (1 mmol+L ') treated group (cultured
for 3 d in the presence of Con A} was slightly
decreased as assessed by the technique of
trypan-blue exclusion.

While it might be argued that lymphocyte
response to mitogen and specific antigens were
dependent upon the production of IL-2, This
was not true for the spontaneous and Con A
induced proliferation of transformed T-cell
lines LBRM., and it was not true for the pro-
liferation of splenocytes previously activated
by Con A, either.
Con A induced mouse splenocyte proliferation

The kinetics studies of

by DHA demonstrated that T-l¥mphocyte pro-
liferation was enhanced only when DHA was
added to the culture in the continuous pres-
ence of Con A during the first 12 h culture pe-
riod. That is. totally activated T-cells did
not respond to DHA. Incubation of LBRM
cells in the presence of DHA and mitogenic
lectin Con A. increased the IL-2 production,
but not the cell proliferation, which were very
similar to those of Stanley ez a/"'*" and Mercep
vf @'V,  Both reported that culture of T-cell
lines with mitogen increased the IL-2 secretion
while decreased the lymphocyte proliferation.
These results suggest that- IL-2 production
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and T-cell growth may be mediated through
different pathways.

The enhanced IL-2 production and the re-
tarded decrease of IL-2 activity in the super-
natants of T-cell cultures demonstrated a clos-
er parallel to JL-2 mRNA levels.
indicate that the increased IL-2 production by
DHA is due to the enhanced IL-2 mRNA lev-
els. At present, we cannot distinguish
whether the increased 1L-2 mRNA level was
resulted from the enhanced mRNA transcrip-
tion and/or increased stability of the mRNA.
These and the obligatory event in the trans-

These may

membrane signaling processes that lead to
IL-2 production and T-cell activation needs
further exploration.
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